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� NMES may improve functional independence and decrease in adults with COPD.
� NMES may decrease in duration of MV in adults with COPD.
� More RCTs with a better methodological design are needed.
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A B S T R A C T

Objective: To estimate the effectiveness of Neuromuscular Electrostimulation (NMES) in adults with COPD under-
going MV.
Method: A sensitive search was performed in MEDLINE, Embase, CENTRAL, CINAHL and other resources. Ran-
domized Controlled Clinical Trials (RCTs) or non-RCTs that enrolled adults with COPD on MV due to an exacerba-
tion of their disease were included. Two independent reviewers screened, extracted information, and assessed the
risk of bias (RoB 2 tool) and the certainty of evidence (GRADE approach) from the included studies.
Results: Four RCTs (144 participants) were included. Subjects who underwent NMES were able to move from bed
to chair independently in less time (MD = 4.98 days less; 95% CI -8.55 to -1.47; 2 RCTs; low certainty of the evi-
dence) and they were fewer days on MV (MD = 2.89 days less; 95% CI -4.58 to -1.21); 3 RCTs; low certainty of
the evidence) than the control group. However, the effect of NMES on muscle strength is unclear (very low cer-
tainty of the evidence).
Conclusions: NMES may improve functional independence and decrease MV time in adults with COPD; however,
its effectiveness on muscle strength is uncertain. More and better RCTs are needed to determine with greater cer-
tainty the effectiveness of NMES in this population.
Keywords:
COPD
Neuromuscular electrostimulation
Mechanical ventilation
Critical illness
Systematic review
Meta-analysis
on).

ccepted 29 August 2022

r España, S.L.U. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
Introduction

Chronic Obstructive Pulmonary Disease (COPD), in addition to caus-
ing respiratory symptoms derived from restricted airflow [1], is associ-
ated with alterations of the peripheral muscles [2,3] possibly resulting
from systemic inflammation [4] or physical inactivity [5]. This may be
related to a low tolerance to exercise [6], poor functional prognosis,
deterioration of quality of life [7], and even an increased risk of mortal-
ity [8].

Acute exacerbations of COPD accelerate the progression of the dis-
ease, [9] and moderate to severe cases may need to be managed with
Mechanical Ventilation (MV). This could complicate the clinical
condition of these subjects, with a high rate of failure to wean from MV
being reported when it is accompanied by weakness of the appendicular
and respiratory muscles [10]. This could produce greater functional
deterioration [11], which might extend by several years after hospital
discharge [12].

In this context of critical disease, different strategies of early muscle
rehabilitation have been proposed [13]. One is Neuromuscular Electrical
Stimulation (NMES), an intervention that produces visible contractions
on the surface of the muscles [14], thus increasing their oxidative capac-
ity [15] and reducing the inflammatory profile of the subjects [16]. It
may also have remote effects on other organs and muscles through the
systemic circulation of locally generated myokines [17−19].
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Different systematic reviews have reported increased muscle
strength and a shorter stay in the ICU and on MV in critical subjects with
a variety of health conditions undergoing NMES [20−23]. In addition,
promising effects have been reported specifically in subjects with stable
COPD [24−26]. However, the primary studies designed to estimate the
effects of NMES on adults with COPD and ventilatory support have not
been analyzed consistently, which, added to the contradictory nature of
their outcomes, means there is uncertainty as to the effectiveness of
NMES in this population. Therefore, the objective of this systematic
review is to estimate the effectiveness of NMES in adults with COPD
undergoing MV due to an exacerbation of their condition.

Methods

A systematic review and meta-analysis of controlled clinical trials
were conducted. The protocol for this review was registered with the
International Platform of Registered Systematic Review and Meta-analy-
sis Protocols (INPLASY) under the number INPLASY202140091, and
previously published [27]. The reporting of this review adhered to the
statement of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [28].

Eligibility criteria

Types of studies

All controlled clinical trials, whether Randomized (RCTs) or non-
RCTs, were included. Studies formally published in scientific journals,
peer-reviewed abstracts published in conference proceedings and gray
literature were considered. The inclusion of studies was not limited by
date or language of publication.

Type of participants

Studies that enrolled adults (aged 18 years or older) with COPD who
were hospitalized and received ventilatory support, either invasive or non-
invasive, were included. If the studies enrolled adults with other underlying
pathologies other than COPD, they were included only if the data were pre-
sented in a disaggregated manner to exclude them from the analysis.

Type of intervention

Studies that applied Neuromuscular Electrical Stimulation (NMES) were
included. This intervention was to be started while COPD subjects were on
ventilatory support. Any described modality was considered whether
NMES, Transcutaneous Electrical Stimulation (TENS) or Functional Electri-
cal Stimulation (FES), among others. Studies in which the intervention was
applied to the muscles of the upper and lower limbs and/or at the thoraco-
abdominal level were considered eligible. In addition, the dosage of the ses-
sions (frequency, intensity, duration of each session and of the complete
program) did not limit the inclusion of studies in this review.

As for the comparator interventions, studies that did not apply any
intervention (passive control) or sham electrical stimulation (placebo
control) were considered eligible.

Studies that included other interventions (usual care or standard
interventions), such as early mobilization or respiratory muscle training,
were excluded from this review if these were not delivered in a manner
like the intervention and control groups due to potentially confounding
the effect produced by the electrical stimulation.

Type of outcome

Primary outcomes:
Functional independence, measured by generic or specific validated

instruments, for example, the Functional Status Score for the Intensive
Care Unit (FSS-ICU) or ICU Mobility Scale (IMS).
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Muscle strength, measured through manual assessment, for example,
the Medical Research Council Sum-Score (MRC-SS) scale. In addition, the
use of dynamometry was also considered, for example, the grip strength.

Duration of MV, measured as the number of days between beginning
and end of ventilatory support (invasive or non-invasive MV).

Secondary outcomes:
Duration of MV weaning, measured as the number of days between

the beginning of the MV weaning process and the end of ventilatory sup-
port (invasive or non-invasive MV).

Dyspnea, measured by any specific validated scale that assesses dys-
pnea during the performance of activities of daily living, for example,
the Medical Research Council dyspnea scale; and during the perfor-
mance of any functional or maximal exercise test, for example, the Borg
scale. In addition, the dyspnea score of any specific quality of life ques-
tionnaire for the population with respiratory pathologies was consid-
ered, for example, the dyspnea score on the Chronic Respiratory
Questionnaire (CRQ).

Fatigue of lower limbs, measured through any specific or validated
scale, for example, the Visual Analog Scale (VAS).

Functional exercise capacity, measured by field or functional exercise
tests, for example, the 6-minute walk test.

Maximal exercise capacity, measured by laboratory exercise tests, for
example, the cardiopulmonary exercise test; incremental shuttle walking
test.

Quality of life, measured by generic or specific validated question-
naires, for example, the St. George’s Respiratory Questionnaire (SGRQ).

Level of physical activity, measured by means of specific devices, for
example, the physical activity monitors or step counters; or by means of
specific validated questionnaires, for example, the International Physical
Activity Questionnaire (IPAQ).

ICU length of stay, measured as the number of days between admis-
sion and discharge from ICU.

Hospital length of stay, measured as the number of days between
admission and discharge from the hospital.

Adverse effects, measured through the incidence of any adverse
effect directly related to the application of surface muscle electrical stim-
ulation, for example, the allergy in electrode placement, local pain; or
other more serious adverse effects, for example, the occurrence of car-
diac arrhythmias.
Information sources and search strategy

The electronic databases consulted up to December 2021 were MED-
LINE (through the Pubmed platform), Embase, the Cochrane Library
Clinical Trials Register (CENTRAL) (through the Cochrane Library plat-
form), and Cumulative Index to Nursing and Allied Health Literature
(CINAHL) (through the EBSCOhost platform). The keywords used con-
sisted of MESH and EMTREE terms according to the database used, in
combination with free keywords using Boolean “AND” and “OR” opera-
tors (see the supplementary materials).

In addition, two clinical trial registries were reviewed (International
Clinical Trials Registry Platform (ICTRP) and ClinicalTrials.gov of the
U.S. National Library of Medicine), and a gray literature publication
platform (http://opengrey.eu/search/) was queried (see the supplemen-
tary materials).

Reference lists of included studies and previously published system-
atic reviews [20, 24-26] were also hand searched. No language, publica-
tion status, or date restrictions were applied.
Study selection and data extraction

Two reviewers (RGA and YJ) independently assessed that each
record identified by the search met the eligibility criteria. The Rayyan®
app was used for this stage [29]. For data extraction, two independent
reviewers (RGA and YJ) used a standard form to obtain the general

http://opengrey.eu/search/
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information and characteristics of each included study. Disagreements
were resolved by consensus or ultimately by a third reviewer (RF or PS).
Risk of bias and certainty evidence assessment

Two reviewers (RGA and YJ) assessed the risk of bias in the estimate
of each outcome reported by the included studies using the second ver-
sion of the Cochrane risk of bias tool (RoB 2). According to this tool,
studies were categorized as “low risk”, “some concerns” or “high risk”
of bias. In addition, the certainty of the evidence of the estimate of each
outcome reported was assessed independently by two reviewers (RGA
and PS) using the GRADE approach [30], which was presented in a
“Summary the Findings (SoF)” Table [31,32]. Disagreements were
resolved by consensus.
Data synthesis and analysis

The characteristics of the included studies were described qualita-
tively. The estimation of the intervention effect was performed quantita-
tively by a meta-analysis with a random effects model. Since all the
outcomes were continuous, Mean Differences (MD) were calculated
with their respective 95% CI. When the results were reported as medians
with p25-p75 or minimum-maximum, these statistics were used to esti-
mate the mean and Standard Deviation (SD) [33].

Heterogeneity was analyzed using the Chi2 test with N-1 degrees of
freedom, with an alpha of 0.05 as the threshold for statistical signifi-
cance, and the I2 test. A value between 25% and 50%, 50% and 75%, and
greater than 75% of I2 corresponds to low, moderate, and high levels of
heterogeneity respectively [34]. The Review Manager software (Ver-
sion 5.4.1; Cochrane, Oxford, United Kingdom) was used.

Publication bias was assessed by visualizing a funnel plot, and Begg’s
and Egger’s tests for the possible existence of small study bias using the
RStudio software (Version 2021.09.0©, 2009‒2021 RStudio, PBC).
Fig. 1. Study selec
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Results

Search results

A total of 2419 records were identified through the electronic search.
After removing duplicates, 2167 records were screened, of
which 51 were evaluated in full text. Of these, 47 records were excluded
mostly because of the type of population (subjects with COPD not under-
going MV), and in addition, 4 are ongoing studies that could be consid-
ered for future updates of this review (see the supplementary materials).
Finally, 4 records, corresponding to 4 different studies [35−38], met the
eligibility criteria of this review (Fig. 1).

In addition, 95 unique records were identified through other search
resources, of which 31 were evaluated in full text, identifying the
same 4 included records/studies from the databases and registers search
(Fig. 1).

Records not retrieved in full text and the reasons for exclusion of
records assessed in full text are presented in supplementary materials.
Characteristics of the included studies

The four studies included in this review had an RCT design. Three of
them included two groups [35,37,38] and one included 3 parallel groups
[36]. Two of them were conducted in Turkey [36,37], one in Italy [35]
and one in China [38].

In total, the studies included 144 participants, of which 134 were
analyzed in this review because only 2 of the 3 groups included in the
Akar 2015 study [36] were considered in order to isolate the effect of
the NMES. The mean age of the participants was 65.1 years
(95% CI 62.6 to 67.6), and 63.4% were male. In all studies subjects
underwent invasive MV, three via orotracheal tube [36−38], and one
via tracheostomy [35].

Three studies were conducted in an acute critical care setting [36
−38], while one study was conducted in a chronic critical care rehabili-
tation setting in which participants with COPD with more than 30 days
tion flowchart.
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in bed were referred to a specialized center to continue their rehabilita-
tion process [35].

Details of the participant characteristics and the interventions deliv-
ered to the intervention and control groups are shown in Table 1.
Risk of bias assessment

The overall risk of bias in the estimate of the effect of NMES on
the 7 outcomes reported by the included studies was rated as “some con-
cerns” or “high” (Fig. 2).

The rating of “some concerns” was because the studies did not spec-
ify the method of randomization or whether this process was concealed,
and because the outcome assessors were not blinded, associated with
the unlikelihood that this lack of blinding could influence the assess-
ment of outcomes.

The rating of “high” was either because the randomization process
described by one of the studies was alternation and therefore not con-
cealed [37], or because the outcome assessors were not blinded, which
is associated with the high likelihood that this lack of blinding may
influence the outcome assessment because the outcome assessment was
Table 1
Characteristics of the included studies.

ID Groups

Experimental Control Experimental

Zanotti 2003 n= 12 n= 12 Stimulated muscles:
Age, y: 66.2 ± 8 Age, y: 64.5 ± 4
Male, n (%): 8 (66.7%) Male, n (%): 9 (75%)
BMI, kg/m2: 24.5 ± 2.4 BMI, kg/m2: 22.4 ± 3.7 Device: SportTrainer
Barthel, p: NR Barthel, p: NR
APACHE II, p: NR APACHE II, p: NR Dosage: 5 m at 8 Hz p

25 m at 35 Hz puls
Sessions: maximum t

and gradually incr
to 30 m; 5 d/w; 4w

* In addition, the sam
delivered to the co

Akar 2015 n= 10 n= 10 Stimulated muscles:
Age, y: 70 ± 12.3 Age, y: 68 ± 17.8
Male, n (%): 4 (40%) Male, n (%): 5 (50%) Device: COMPEX (M
BMI, kg/m2: NR BMI, kg/m2: NR
Barthel, p: NR Barthel, p: NR Dosage: 20‒25 mA; 5

tion, 1.5 s of increaAPACHE II, p: NR APACHE II, p: NR
Sessions: 5 d/w; 20 s
* In addition, the sam

delivered to the co
Koçan 2015 n= 15 n= 15 Stimulated muscles:

latissimus dorsiAge, y: 66.1 ± 13.9 Age, y: 69.9 ± 11
Male, n (%): 14 (93.3%) Male, n (%): 14 (93.3%)
BMI, kg/m2: 26.6 ± 7.4 BMI, kg/m2: 25.7 ± 4.5 Device: COMPEX (M
Barthel, p: NR Barthel, p: NR
APACHE II, p: NR APACHE II, p: NR Dosage: 20‒25 mA; 5

tion, 1.5 s of increa
Sessions: 20 m/d; 1d
* In addition, the sam

delivered to the co
n= 30 n= 30 Stimulated muscles:

tibialis anterior anAge, y: 62.4 ± 13.6 Age, y: 59.8 ± 11.8
Male, n (%): 14 (51.9%) Male, n (%): 17 (58.6%) Device: KT90A (Beiji

Co)BMI, kg/m2: 22.3 ± 1.5 BMI, kg/m2: 22.5 ± 1.6
Barthel, p: 89.4 ± 6 Barthel, p: 90.1 ± 5.3
APACHE II, p: 19.8 ± 4.4 APACHE II, p: 19.0 ± 4.2 Dosage: 30‒40 Hz

Sessions: 30 m; 2/d;
from ICU

* In addition, the sam
delivered to the co

Note: 1) Akar 2015 included 3 groups, of which two (Group 1: exercise training +
sis performed in this review; 2) Chen 2019 measured Barthel index two weeks befo
APACHE II, Acute Physiology and Chronic Health disease Classification System
minutes; mA, milliamps; ms, microseconds; NR, Not Reported; p, points; s, seconds
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performed by the study participants themselves or because the outcome
assessor is the care provider making the decision.

Effects of interventions and certainty of the evidence

The studies included in this review reported outcome data for
the 3 primary outcomes (functional independence, muscle strength, and
duration of MV), and for quality of life, length of ICU and hospital stay,
and adverse effects. The certainty of the evidence for these 7 outcomes
is shown in a SoF table (Table 2).

None of the studies included in this review reported results on the
duration of MV weaning, dyspnea, fatigue of lower limbs, functional
exercise capacity at discharge, maximal exercise capacity at discharge,
or physical activity level at discharge.

Primary outcomes

Functional independence
The 4 studies included in the review reported this outcome using dif-

ferent forms of assessment [35−38]. Two studies reported the time to
Interventions

Control

quadriceps and vastus glutei Active mobilization of 4 limbs as soon as possible

; Actionfit; Forlì, Italy

ulse width 250 ms and then
e width 350 ms
ime tolerated by the patient
easing the time of training up

e interventions that were
ntrol group were also applied
Deltoids and quadriceps Active exercises of 4 limbs. If active exercise was

not possible, patients underwent passive or
assisted active exerciseI theta PRO, Switzerland)

0 Hz; 6 s of contraction dura-
se and 0.75 s of decrease
essions
e interventions that were
ntrol group were also applied
pectorals major, trapezius and Upper extremity range-of-motion exercises and

controlled breathing techniques and respiratory
physiotherapy

I theta PRO, Switzerland)

0 Hz; 6 s of contraction dura-
se and 0.75 s of decrease

e interventions that were
ntrol group were also applied
Biceps, triceps, quadriceps,
d gastrocnemius

Usual treatment that includes etiological treatment
and general symptomatic support, in addition to
passive and active functional training and pulmo-
nary rehabilitation

ng Yaoyang Kangda Medical

until the patient is transferred

e interventions that were
ntrol group were also applied

electrostimulation; Group 3: exercise training) were considered in the analy-
re ICU admission.
II; BMI, Body Mass Index; d, days; Hz, Hertz; ICU, Intensive Care Unit; m,
; w, weeks; y, years.



Fig. 2. Risk of bias of reported outcomes. ICU, Intensive Care Unit; MV, Mechanical Ventilation.
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reach different motor milestones [35,36], one study reported the Func-
tional Independence Measure (FIM) [37], and one study reported the
Barthel Index [38].

Pooled analysis of two studies (44 participants) [35,36] showed that
the group undergoing NMES achieved transfer from bed to chair inde-
pendently in 4.98 days less (95% CI −8.55 to −1.47) than the control
group (low certainty of evidence; Table 2). The level of heterogeneity of
the studies was moderate (I2 = 60%; p = 0.11) (Fig. 3A). In addition,
one study (20 participants) [36] reported that there was no difference
between the groups in time to achieve other motor milestones (p >
0.05).

Additionally, one study (30 participants) reported that both the
NMES group and the control group had significantly improved FIM
scores, without mentioning the comparison between the groups (no p-
values reported) [37], and another study (60 participants) reported that
the experimental group had a Barthel Index score at ICU discharge
of 3.91 points higher (95% CI 1.52 to 6.30) than the control group [38].
Muscle strength
Three studies reported this outcome [35,36,38], which measured

muscle strength manually using the MRC-SS scale or similar, and in
addition, one of them measured grip strength by dynamometry [38].

One study (20 participants) reported that the experimental group sig-
nificantly increased muscle strength in the upper (p = 0.04) and lower
limbs (p = 0.01), while the control group only experienced this increase
in the upper limbs (p = 0.03). However, there were no differences
between the groups (p-value not reported) [36]. Another study (24 par-
ticipants) reported that the NMES group increased their muscle
strength 0.91 points more (95% CI 0.19 to 1.63) than the control group
[35]. Finally, the third study (60 participants) reported that the experi-
mental group showed 9.65 points more (95% CI 5.49 to 13.81) on the
MRC-SS scale, and 6.04 kg more (95% CI 0.43 to 11.65) on the grip
strength than the control group [38] (very low certainty of evidence;
Table 2).

Due to the way in which the results were reported (MRC-SS, mean
with a standard deviation of all measurements, and median with min-
max separated by upper and lower limbs), it was not possible to perform
a meta-analysis.
5

Duration of MV
Three studies reported this outcome [36−38], of which one reported

that at the end of the study (30 days duration) 6 participants in the con-
trol group and 4 in the experimental group were unable to wean from
MV [37].

Pooled analysis of the three studies (96 participants) showed that the
group undergoing NMES had a shorter MV duration, with 2.89 days less
(95% CI −4.58 to −1.21) than the control group (low certainty of evi-
dence; Table 2). There was no heterogeneity among the studies
(I2 = 9%; p= 0.34) (Fig. 3B).

One study only reported that at the end of the study, 18 of
the 24 participants were weaned from MV without specifying the group
to which they belonged [35].

Secondary outcomes

Quality of life
Only one study (30 participants) reported on the quality of life,

which was measured using the Saint George’s Respiratory Questionnaire
(SGRQ) and Short Form 36 Health Survey Questionnaire (SF-36) tools
[37].

All the parameters on the SGRQ were not significantly different at
day 30 between the two groups (p > 0.05). Regarding the SF-36 ques-
tionnaire, the scores of physical function, general health, vitality, social
function, and mental health improved significantly in both groups (p <
0.05), while body pain only improved in the intervention group
(p = 0.03), and emotional role only improved in the control group
(p=0.02) [37] (low certainty of evidence; Table 2). However, no differ-
ences were reported between the groups at the end of the study (p-value
not reported).

Length of ICU stay
Two studies reported this outcome [36,38], of which one reported

that at the end of the study 2 participants in the experimental group and
5 in the control group were not discharged from the ICU [36].

Pooled analysis of the two studies (69 participants) showed no differ-
ence in ICU length of stay between the groups (mean
difference = 4.2 days (95% CI −9.1 to 17.5)) (very low certainty of



Table 2
Summary of findings.

Outcomes Illustrative comparative risks* N° of participants
(studies)

Certainty Comments

Assumed risk Control Corresponding risk
NMES (95% CI)

Functional independence
(Time to move from bed to
chair) ‒ days

The mean range of time across the
control groups was from 12.6 to
14.33

MD 4.86 lower (8.55 to 1.47 lower) 44 (2 studies) ⊕⊕⊝⊝ Lowa A third study reported no differ-
ence in the FIM scale between
the groups, and the fourth
study reported a higher Bar-
thel index score in the inter-
vention group

Muscular strength (manual
evaluation) ‒ points

1 study reported no difference between the groups and 2 studies
reported greater muscle strength in the intervention group

104 (3 studies) ⊕⊝⊝⊝ Very lowb One study also reported greater
grip strength in the interven-
tion group.

Due to the way in which the
results were reported it was
not possible to perform a
meta-analysis

Duration of MV ‒ days The mean range of time across the
control groups was from 6.75
to 18.13

MD 2.89 lower (4.58 to 1.21 lower) 96 (3 studies) ⊕⊕⊝⊝ Lowa One study reported that one-
third of all patients were
unable to wean from MV

Quality of life (SGRQ and
SF-36) ‒ points

1 study reported no difference between the groups 30 (1 study) ⊕⊕⊝⊝ Lowa The study does not report the
scores of the questionnaires,
and the graphs of the SGRQ
tool do not allow to extract
the information

Length of ICU stay ‒ days The mean range of time across the
control groups was from 7.5
to 10.45

MD 4.2 higher (9.1 lower to 17.5
higher)

69 (2 studies) ⊕⊝⊝⊝ Very lowb One study reported that one
third of all patients were
unable to be discharged from
ICU

Length of hospital stay ‒ days The main of the control group was
15.38

MD 2.17 lower (3.74 to 0.6 lower) 60 (1 study) ⊕⊕⊝⊝ Lowa

Adverse effects 1 study reported that the interventions were well tolerated by both groups 24 (1 study) ⊕⊕⊝⊝ Lowa The remaining 3 studies make
no mention of the safety or
tolerability of NMES and the
control intervention.

* The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group.
a The certainty of the evidence was downgraded by the risk of bias of the included studies and by imprecision (sample size less than the optimal information size).
b The certainty of the evidence was downgraded by the risk of bias of the included studies, by imprecision (sample size less than the optimal information size), and

by inconsistency.95%CI, Confidence Interval 95%; FIM, Functional Independence Measure; MD, Mean Difference; MV, Mechanical Ventilation; NMES, Neuromuscu-
lar Electrostimulation; SGRQ, Saint George’s Respiratory Questionnaire; SF-36, Short Form 36 Health Survey Questionnaire.GRADE Working Group grades of
evidence:⊕⊕⊕⊕ High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.⊕⊕⊕⊝Moderate certainty: We are moder-
ately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.⊕⊕⊝⊝
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.⊕⊝⊝⊝ Very low cer-
tainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
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evidence; Table 2). The level of heterogeneity of the studies was high
(I2 = 92%; p < 0.001) (Fig. 3C).

Length of hospital stay
Only one study (60 participants) reported the length of hospital stay

[38]. The hospital length of stay of the experimental group was on
average 2.17 days less (95% CI −3.74 to −0.60) than the control group
(low certainty of evidence; Table 2).

Adverse effects
Only one study (24 participants) mentioned that both the control and

experimental groups tolerated the interventions adequately and
reported that no deaths occurred during the study [35]. In addition,
only one study (60 participants) presented dropouts of participants dur-
ing the study due to economic reasons (control group: 1; experimental
group: 2), and serious illness (experimental group: 1) which was not
attributed to the application of NMES [38] (low certainty of evidence;
Table 2).

Publication bias

The funnel plot (Fig. 4), Begg’s test (p = 0.60), and Egger’s test
(p = 0.66) indicate that there was no reporting bias in the estimation of
the duration of MV.
6

Given that the estimation of the effect of NMES on functional inde-
pendence and length of ICU stay only incorporated two studies in the
meta-analysis, and that the rest of the outcomes could not be pooled, the
possible small study effect could not be determined.

Discussion

Four RCTs fulfilled the eligibility criteria of this review [35−38],
including 134 participants with COPD subjected to invasive MV who
underwent NMES or some control intervention, either habitual care or
simulated NMES.

The results of this review show that NMES can improve functional
independence expressed in less time than subjects with COPD moved
independently from bed to chair. This could be due to NMES increasing
muscle strength in critical subjects [23] and in subjects with COPD not
on MV [24], and to the positive relation between muscle strength and
functionality [39,40]. However, according to this review, the effects of
NMES on muscle strength are unclear, because there is no single estima-
tor of effectiveness through a meta-analysis as a result of the inadequate
reporting of outcome data provided by two of the included studies
[35,36], considering that the study by Chen et al. reported a signifi-
cantly higher score on the MRC-SS scale in the experimental group com-
pared to the control [38], which has also been reported in subjects on
prolonged mechanical ventilation with or without COPD [41]. In any
case, for this last outcome it must be considered that there is an altered



Fig. 3. Pooled analysis. (A) Functional independence (Time to move from bed to chair); (B) Duration of MV; (C) Length of stay in ICU.
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response of muscle fibers in subjects with COPD to a contractile stimulus
[42], which could cause differing degrees or times for recovery com-
pared to critical subjects without COPD as the underlying disease.

In addition, the results of this review showed that NMES can
reduce exposure time to MV, a relevant finding in the context of the
complications that could occur on prolonged MV [43]. Although in
the studies included in this review NMES was applied in greater pro-
portion to the peripheral muscles [35,36,38] and less to the acces-
sory respiratory muscles [37], the effect of reducing the time on MV
Fig. 4. Funnel plot − duration of MV.
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could be due to the remote effect that NMES might have through
the release of myokines into the systemic circulation [44] given
their potential effect on other muscles not subjected to NMES, such
as the diaphragm.

Yet despite only one study included in this review reported that sub-
jects with COPD undergoing NMES tolerated it adequately [35], these
findings are similar to those in the critical population in general [45].
Thus, this intervention could be safe for this population as long as the
contraindications for their use are considered [46], aspects that were
considered by all the studies at the time of recruiting their participants
[35−38].

Despite the possible effects on functional independence and MV time
estimated by this review, NMES may have no effect on the quality of
life, a finding reported previously by systematic reviews that included
subjects with COPD not necessarily placed on MV [24,25]. In addition,
it may be possible to expect subjects with greater functionality and
lower exposure time to MV to stay less time in the ICU and the hospital;
[47] however, due to the low-very low certainty of the evidence that
these outcomes report, this cannot be confirmed by the findings of this
review. Future studies that intend to report these outcomes would have
to consider the point at which subjects are in a condition to be dis-
charged from the ICU or the hospital, and not when they are actually dis-
charged, since this measurement could be biased by administrative or
organizational topics depending on the country or context in which they
are carried out [48].

The risk of bias in the studies included in this review was described
as “some concerns” or “high” for all the reported outcomes. Together
with the few participants included in the study, this contributed to the
low certainty of the evidence for functional independence, length of stay
on MV, quality of life, length of hospital stays, and incidence of adverse
effects. This indicates that future studies will very likely have a signifi-
cant impact on the authors’ confidence in the estimation of the effect,
and it is probable that this estimation will change [30]. On the other
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hand, if the inconsistency in some reported results and the very low cer-
tainty of the evidence for muscle strength and duration of ICU stay is
considered, any estimation of the effect is very uncertain [30].

Limitations of the review

It must be noted that two of the studies included in this review
reported the results for length of time on MV [36] and length of hospital
stay [37] using median and minimum-maximum so the mean and SD
had to be estimated from these data, which can have a small margin of
error [33].

In addition, it must be considered that applying the methods used to
determine the presence of publication bias (funnel plot and statistical
tests), it is recommended that at least 10 studies be included so their val-
uation is more reliable [49], bearing in mind that a maximum of three
studies were available for this estimation in the length of time on MV.

Conclusion

NMES may improve functional independence, decrease in duration
of MV, and be safe in adults with COPD. However, it may have no effect
on the quality of life or hospital length of stay, and its effectiveness on
muscle strength and ICU length of stay is uncertain. Duration of MV
weaning, dyspnea, fatigue of lower limbs, functional exercise capacity at
discharge, maximal exercise capacity at discharge, and physical activity
level at discharge was not measured in the included studies.

More RCTs with a better methodological design are needed to esti-
mate with greater certainty the real effectiveness of NMES in this popu-
lation so that the use of this intervention can be recommended with
greater confidence.

Authors’ contributions

Literature search: Ruvistay Guti�errez-Arias.
Data collection: Ruvistay Guti�errez-Arias and Yorschua Jalil.
Study design: Ruvistay Guti�errez-Arias, Yorschua Jalil, Rocío

Fuentes-Aspe and Pamela Seron.
Analysis of data: Ruvistay Guti�errez-Arias and Yorschua Jalil.
Manuscript preparation: Ruvistay Guti�errez-Arias.
Review of manuscript: Yorschua Jalil, Rocío Fuentes-Aspe and

Pamela Seron.

Funding

No external funding.

Conflicts of interest

The authors declare no conflicts of interest.

Supplementary materials

Supplementary material associated with this article can be found in
the online version at doi:10.1016/j.clinsp.2022.100108.

References

1. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagno-
sis, management, and prevention of chronic obstructive pulmonary disease. 2020.
Available from: https://goldcopd.org/.

2. Maltais F, Decramer M, Casaburi R, Barreiro E, Burelle Y, Debigar�e R, et al. An official
American Thoracic Society/European Respiratory Society statement: update on limb
muscle dysfunction in chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2014;189(9):e15–62.

3. Taivassalo T, Hussain SNA. Contribution of the mitochondria to locomotor muscle
dysfunction in patients with COPD. Chest 2016;149(5):1302–12.
8

4. Montes de Oca M, Torres SH, De Sanctis J, Mata A, Hern�andez N, T�alamo C. Skeletal
muscle inflammation and nitric oxide in patients with COPD. Eur Respir J 2005;26
(3):390–7.

5. Schneider LP, Sartori LG, Machado FVC, Dala Pola D, Rugila DF, Hirata RP, et al. Phys-
ical activity and inactivity among different body composition phenotypes in individu-
als with moderate to very severe chronic obstructive pulmonary disease. Brazilian J
Phys Ther 2021;25(3):296–302.

6. Nyberg A, T€ornberg A, Wadell K. Correlation between limb muscle endurance,
strength, and functional capacity in people with chronic obstructive pulmonary dis-
ease. Physiother Can 2016;68(1):46–53.

7. Cruse MA. The impact of change in exercise tolerance on activities of daily living and
quality of life in COPD: a patient’s perspective. COPD 2007;4(3):279–81.

8. Swallow EB, Reyes D, Hopkinson NS, Man WD-C, Porcher R, Cetti EJ, et al. Quadriceps
strength predicts mortality in patients with moderate to severe chronic obstructive
pulmonary disease. Thorax 2007;62(2):115–20.

9. Groenewegen KH, Schols AMWJ, Wouters EFM. Mortality and mortality-related
factors after hospitalization for acute exacerbation of COPD. Chest 2003;124
(2):459–67.

10. De Jonghe B, Bastuji-Garin S, Durand M-C, Malissin I, Rodrigues P, Cerf C, et al. Respi-
ratory weakness is associated with limb weakness and delayed weaning in critical ill-
ness. Crit Care Med 2007;35(9):2007–15.

11. De Jonghe B, Lacherade J-C, Sharshar T, Outin H. Intensive care unit-acquired weak-
ness: risk factors and prevention. Crit Care Med 2009;37(10 Suppl):S309–15.

12. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Granados N, Al-Saidi F,
et al. One-year outcomes in survivors of the acute respiratory distress syndrome. N
Engl J Med 2003;348(8):683–93.

13. Martí JD, McWilliams D, Gimeno-Santos E. Physical Therapy and Rehabilitation in
Chronic Obstructive Pulmonary Disease Patients Admitted to the Intensive Care Unit.
Semin Respir Crit Care Med 2020;41(6):886–98.

14. Maffiuletti NA. Physiological and methodological considerations for the use of neuro-
muscular electrical stimulation. Eur J Appl Physiol 2010;110(2):223–34.

15. Nuhr M, Crevenna R, Gohlsch B, Bittner C, Pleiner J, Wiesinger G, et al. Functional and
biochemical properties of chronically stimulated human skeletal muscle. Eur J Appl
Physiol 2003;89(2):202–8.

16. Karavidas AI, Raisakis KG, Parissis JT, Tsekoura DK, Adamopoulos S, Korres DA, et al.
Functional electrical stimulation improves endothelial function and reduces periph-
eral immune responses in patients with chronic heart failure. Eur J Cardiovasc Prev
Rehabil 2006;13(4):592–7.

17. Gerovasili V, Tripodaki E, Karatzanos E, Pitsolis T, Markaki V, Zervakis D, et al. Short-
term systemic effect of electrical muscle stimulation in critically ill patients. Chest
2009;136(5):1249–56.

18. Rodriguez PO, Setten M, Maskin LP, Bonelli I, Vidomlansky SR, Attie S, et al.
Muscle weakness in septic patients requiring mechanical ventilation: protective
effect of transcutaneous neuromuscular electrical stimulation. J Crit Care
2012;27(3):319.e1-8.

19. Gutierrez-Arias R, Jalil Contreras Y. Neuromuscular Electrical Stimulation in the Criti-
cally Ill Patient. A narrative review. Rev Chil Anest 2022;51(1):47–54.

20. Guti�errez-Arias RE, Zapata-Quiroz CC, Prenafeta-Pedemonte BO, Nasar-Lillo NA, Gal-
lardo-Zamorano DI. Effect of neuromuscular electrical stimulation on the duration of
mechanical ventilation. Respir Care 2021;66(4):679–85.

21. Guti�errez-Arias RE. The authors respond: Respir Care 2021;66(9):1504.
22. Zayed Y, Kheiri B, Barbarawi M, Chahine A, Rashdan L, Chintalapati S, et al. Effects of

neuromuscular electrical stimulation in critically ill patients: a systematic review and
meta-analysis of randomised controlled trials. Aust Crit Care 2020;33(2):203–10.

23. Liu M, Luo J, Zhou J, Zhu X. Intervention effect of neuromuscular electrical stimula-
tion on ICU acquired weakness: a meta-analysis. Int J Nurs Sci 2020;7(2):228–37.

24. Chen R, Li X, Guan L, Guo B-P, Wu W, Zhou Z, et al. Effectiveness of neuromuscular
electrical stimulation for the rehabilitation of moderate-to-severe COPD: a meta-analy-
sis. Int J Chron Obstruct Pulmon Dis 2016;11:2965–75.

25. Hill K, Cavalheri V, Mathur S, Roig M, Janaudis-Ferreira T, Robles P, et al. Neuromus-
cular electrostimulation for adults with chronic obstructive pulmonary disease.
Cochrane Database Syst Rev 2018;2018(5):CD010821.

26. Wu X, Hu X, Hu W, Xiang G, Li S. Effects of neuromuscular electrical stimulation on
exercise capacity and quality of life in COPD patients: a systematic review and meta-
analysis. Biosci Rep 2020;40(5):BSR20191912.

27. Guti�errez-Arias R, Jalil Y, Fuentes-Aspe R, Seron P. Effectiveness of neuromuscular
electrostimulation in adults with chronic obstructive pulmonary disease on mechani-
cal ventilation. Protocol of a systematic review and meta-analysis. Kinesiología
2021;40(2):123–9.

28. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71.

29. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan ‒ a web and mobile
app for systematic reviews. Syst Rev 2016;5(1):210.

30. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE:
an emerging consensus on rating quality of evidence and strength of recommenda-
tions. BMJ 2008;336(7650):924–6.

31. Guyatt GH, Thorlund K, Oxman AD, Walter SD, Patrick D, Furukawa TA, et al. GRADE
guidelines: 13. Preparing Summary of Findings tables and evidence profiles ‒ continu-
ous outcomes. J Clin Epidemiol 2013;66(2):173–83.

32. Murad MH, Mustafa RA, Sch€unemann HJ, Sultan S, Santesso N. Rating the cer-
tainty in evidence in the absence of a single estimate of effect. Evid Based Med
2017;22(3):85–7.

33. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation
from the sample size, median, range and/or interquartile range. BMC Med Res Meth-
odol 2014;14(1):135.

https://doi.org/10.1016/j.clinsp.2022.100108
https://goldcopd.org/
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0022
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0022
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0022
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0023
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0023
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0028
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0028
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0028
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0029
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0029
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0030
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0030
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0030
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0031
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0031
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0031
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0033
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0033
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0033


R. Guti�errez-Arias et al. Clinics 77 (2022) 100108
34. Higgins JPT. Measuring inconsistency in meta-analyses. BMJ 2003;327(7414):557–
60.

35. Zanotti E, Felicetti G, Maini M, Fracchia C. Peripheral Muscle Strength Training in
Bed-Bound Patients With COPD Receiving Mechanical Ventilation. Chest 2003;124
(1):292–6.

36. Akar O, G€unay E, Sarinc Ulasli S, Ulasli AM, Kacar E, Sariaydin M, et al. Efficacy of
neuromuscular electrical stimulation in patients with COPD followed in intensive care
unit. Clin Respir J 2017;11(6):743–50.

37. Kocan Kurtoglu D, Tastekin N, Birtane M, Tabakoglu E, Sut N. Effectiveness of neuro-
muscular electrical stimulation on auxiliary respiratory muscles in patients with
chronic obstructive pulmonary disease treated in the intensive care unit. T€urkiye Fiz
Tip ve Rehabil Derg 2015;61(1):12–7.

38. Chen S, Jiang Y, Yu B, Dai Y, Mi Y, Tan Y, et al. Effect of transcutaneous neuromuscu-
lar electrical stimulation on prevention of intensive care unit-acquired weakness in
chronic obstructive pulmonary disease patients with mechanical ventilation. Zhong-
hua Wei Zhong Bing Ji Jiu Yi Xue 2019;31(6):709–13.

39. Solverson KJ, Grant C, Doig CJ. Assessment and predictors of physical functioning
post-hospital discharge in survivors of critical illness. Ann Intensive Care 2016;6
(1):92.

40. Mayer KP, Thompson Bastin ML, Montgomery-Yates AA, Pastva AM, Dupont-Versteeg-
den EE, Parry SM, et al. Acute skeletal muscle wasting and dysfunction predict physi-
cal disability at hospital discharge in patients with critical illness. Crit Care 2020;24
(1):637.
9

41. Chen YH, Hsiao HF, Li LF, Chen NH, Huang CC. Effects of electrical muscle stimulation
in subjects undergoing prolonged mechanical ventilation. Respir Care 2019;64
(3):262–71.

42. Catteau M, Passerieux E, Blervaque L, Gouzi F, Ayoub B, Hayot M, et al. Response to
electrostimulation is impaired in muscle cells from patients with chronic obstructive
pulmonary disease. Cells 2021;10(11):3002.

43. Loss SH, de Oliveira RP, Maccari JG, Savi A, Boniatti MM, Hetzel MP, et al. The reality
of patients requiring prolonged mechanical ventilation: a multicenter study. Rev Bras
Ter intensiva 2015;27(1):26–35.

44. Piccirillo R. Exercise-induced myokines with therapeutic potential for muscle wasting.
Front Physiol 2019;10:287.

45. Sachetti A, Carpes MF, Dias AS, Sbruzzi G. Safety of neuromuscular electrical stimula-
tion among critically ill patients: systematic review. Rev Bras Ter intensiva 2018;30
(2):219–25.

46. Nussbaum EL, Houghton P, Anthony J, Rennie S, Shay BL, Hoens AM. Neuromuscular
electrical stimulation for treatment of muscle impairment: critical review and recom-
mendations for clinical practice. Physiother Can 2017;69(5):1–76.

47. Tymkew H, Norris T, Arroyo C, Schallom M. The use of physical therapy ICU assess-
ments to predict discharge home. Crit Care Med 2020;48(9):1312–8.

48. Brasel KJ, Lim HJ, Nirula R, Weigelt JA. Length of stay: an appropriate quality mea-
sure? Arch Surg 2007;142(5):461–5. discussion 465-6.

49. Dalton JE, Bolen SD, Mascha EJ. Publication Bias: the elephant in the review. Anesth
Analg 2016;123(4):812–3.

http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0034
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0034
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0043
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0043
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0043
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0044
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0044
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0047
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0047
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0048
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0048
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0049
http://refhub.elsevier.com/S1807-5932(22)03309-9/sbref0049

	Effectiveness of neuromuscular electrostimulation in COPD subjects on mechanical ventilation. A systematic review and meta-analysis
	Introduction
	Methods
	Eligibility criteria
	Types of studies
	Type of participants
	Type of intervention
	Type of outcome
	Information sources and search strategy
	Study selection and data extraction
	Risk of bias and certainty evidence assessment
	Data synthesis and analysis

	Results
	Search results
	Characteristics of the included studies
	Risk of bias assessment
	Effects of interventions and certainty of the evidence
	Primary outcomes
	Functional independence
	Muscle strength
	Duration of MV

	Secondary outcomes
	Quality of life
	Length of ICU stay
	Length of hospital stay
	Adverse effects

	Publication bias

	Discussion
	Limitations of the review

	Conclusion
	Authors' contributions
	Funding
	Conflicts of interest
	Supplementary materials
	References


