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APPENDIX A
Example evidence brief

Effectiveness of neuromuscular electrical stimulation (NMES) in adult intensive care unit (ICU) patients

Ask the question
Question: In adult ICU patients, what is the effect of NMES on functional outcomes and length of stay?

Search for evidence
Databases: PubMed, Scopus

PubMed search strategy: ("Electric Stimulation/methods"[Mesh] OR "Electric Stimulation
Therapy/methods"[Mesh] OR "electrical stimulation" OR NEMS) AND ("Intensive Care Units"[Mesh] OR
"critical care" OR "intensive care unit" OR ICU) AND ("Polyneuropathies'[Mesh] OR polyneuropathy OR
polyneuropathies OR myopathy OR neuropathy)

Filters: Humans, English, Published last 10 years

All 5 systematic reviews found that NMES preserves muscle strength and/or prevents skeletal muscle
weakness in critically ill patients. Burke et al. (2016) included a meta-analysis of 3 studies that found
that NMES preserved muscle strength (standardized mean difference 0.93, 95% CI 0.51-1.35, p=0.0002),
and a meta-analysis of 2 studies by Wageck et al. (2014) found that NMES on quadriceps femoris showed
significant effects on muscle strength (standardized mean difference 0.77, 95% CI 0.13-1.40, p=0.02).

Four randomized controlled trials (RCTs) (Akar et al., 2017; Dos Santos et al., 2018; Fossat et al., 2018;
Patsaki et al., 2017) published after 2016 evaluated the effect of NMES on both muscle preservation and
secondary outcomes like mobility or function, mechanical ventilation, and length of stay. Patsaki et al.
(2017) evaluated the effect of NMES plus individualized rehab on hospital length of stay in 128 adult
patients within 48 hours of ICU discharge, compared with sham NMES and usual care rehab. While the
interventions did not take place in the ICU, they found that functional status via functional
independence measure (90£29 vs. 99124, p=0.069) and hospital length of stay (22422 vs. 19+15 days,
p=0.35) did not differ at hospital discharge between the 2 groups. Fossat et al. (2018) found that days of
mechanical ventilation, number of mechanical ventilation-free days at 28 days after discharge from
ICU, frequency of reintubation within 48 hours, and frequency of delirium was not significantly
different between a group of patients receiving usual care and another receiving usual care plus daily
NMES and in-bed cycling. There were also no significant differences between the groups when
subgrouping for ICU survivors and ICU decedents. Akar et al. (2017) evaluated active extremity
mobilization and NMES in ventilated chronic obstructive pulmonary disease (COPD) patients to
determine the impacts of these 2 interventions alone and combined on weaning from mechanical
ventilation. They noted no statistically significant difference in ventilator weaning times between the 3
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groups (active mobilization + NMES: median day 2 vs. NMES: median day 2 vs. active mobilization:
median day 4; p=0.781). However, there may be clinical importance to a decrease in 2 days when using
NMES. There was also a potentially clinically important, but not statistically significant, difference in
multiple mobilization parameters in both groups receiving NMES. However, Dos Santos et al. (2018)
evaluated the use of NMES plus exercise and NMES alone compared to usual care in 51 mechanically
ventilated patients. They found a significantly shorter duration on mechanical ventilation (p=0.007) in
the NMES plus exercise group (5.7+1.1 days) and the NMES group (9.0£7.0 days) compared to control
(14.845.4 days). Further research is needed to determine the true effect of NMES on functional,
mechanical ventilation and length of stay outcomes.

Five additional RCTs (Dall' Acqua et al., 2017; Kho et al., 2015; Koutsioumpa et al., 2018; Leite et al.,
2018; Pandy et al., 2013) have been published that all support the use of NMES for preserving muscle
strength. They were not included in this evidence brief because they did not assess for functional
outcomes, mechanical ventilation outcomes, or length of stay.

There were nine studies (Akar et al., 2017; Burke et al., 2016; Dos Santos et al., 2018; Fossat et al., 2018;
Maffiuletti et al., 2013; Parry et al., 2013; Patsaki et al., 2017; Wageck et al., 2014; Williams et al., 2014)
found that addressed the effects of NMES in adult ICU patients. The majority of the studies, including
five systematic reviews (Burke et al., 2016; Maffiuletti et al., 2013; Parry et al., 2013; Wageck et al., 2014;
Williams et al., 2014), addressed the effects of NMES on muscle strength instead of functional outcomes
or length of stay. Only one study (Patsaki et al., 2017) directly addressed the effect of NMES on length of
stay.
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Problem, intervention, comparison, outcome (PICO) question: In adult intensive care unit (ICU) patients, what is the effect of neuromuscular
electrical stimulation on functional outcomes and length of stay?

critical care
setting compared
with usual care,
under all
domains of the
World Health
Organization
International
Classification of
Functioning,
Disability and
Health (ICF)
framework

— muscle strength
(n=3)

Variety of stimulation
parameters:

— quadricepts
femoris (all
studies), in
addition to
peroneus longus,
vastus glutei,
tibialis anterior,
and tricepts surae

— 1study targeted
brachial biceps

—  frequencies varied
(35 to 100 hertz
[Hz]), as did pulse
width and
intensities of
stimulation

—  studies adjusted
until visible

difference 0.93, 95% CI
0.51-1.35, p=0.0002;
12=88%)

NMES effect on body
function and structure:

—  mortality:
conflicting effects

—  ventilation:
potentially
beneficial effects on
duration and
weaning period

— joint range of
motion: potential for
improvement

Author/date/
journal Purpose of study Study design Sample and setting Outcomes Design limitations

Burke et al., 2016, | To review the Systematic 12 studies (11 Meta-analysis (n=3) Study limitations=

Clinical use of review and randomized controlled | supported NMES to [] None

Respiratory neuromuscular meta-analysis | trials [RCTs], 1 case- preserve muscle

Journal electrical control study; 449 strength using a fixed- Systematic review
stimulation patients from the effects model (n=146; ) )
(NMES) in the critical care setting) standardized mean [ Review did not address

focused clinical question

[] Search was not detailed or
exhaustive

X] Quality of the studies was
not appraised or studies were
of low quality

X] Methods and/ or results
were inconsistent across
studies

www.jmla.mlanet.org
© Jones, Brennan, Davis 2020

GRADE CRITERIA

Lower quality rating if:

[] High risk of bias
(When design limitations
for one or more criteria
impact the quality of
studies sufficiently enough
to lower confidence in the
estimate of effect)

X Studies inconsistent
(When there are
differences in the direction
of the effect, populations,
interventions, or outcomes
between studies)

X Studies are indirect

(Your PICO question is
quite different from the
available evidence in
regard to PICO)

[] Studies are
imprecise (When studies
include few patients and
few events and thus have
wide confidence intervals
[CIs] and the results are
uncertain)

[] Publication bias

(e.g., pharmaceutical
company sponsors study
on effectiveness of drug)
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muscle
contraction or
maximum pain
toleration

duration ranged
from 30 minutes
to 60 minutes per
day for a variety
of time limits (7
days, 30 days,
extubation, ICU
discharge,
voluntary
movement)

Maffiuletti et al.,
2013, BMC
Medicine

To evaluate the Systematic
effectiveness of review
NMES for

preventing

skeletal-muscle
weakness and
wasting in
critically ill
patients, in
comparison with
usual care

8 RCTs (172 patients)

muscle strength
(n=5)

muscle mass
(thickness,
volume; n=4)

Variety of stimulation
parameters:

targeted
quadriceps,
hamstrings,
peroneus longus,
and glutei

1 study targeted
biceps brachii

frequencies varied
(35 to 100 Hz), as
did pulse width

NMES added to usual
care proved to be more
effective than usual care
alone for preventing
skeletal muscle
weakness in critically ill
patients

— supported by all 5
studies

There is inconclusive
evidence for its benefit in
prevention of muscle
wasting

—  volume loss and
muscle thickness
results varied by
study

Study limitations=
[ ] None
Systematic review

[] Review did not address
focused clinical question

[] Search was not detailed or
exhaustive

[] Quality of the studies was
not appraised or studies were
of low quality

X] Methods and/ or results
were inconsistent across
studies

Increase quality rating
if:

[] Large effect

(When the relative risk of
association between two
factors is large or very
large)

[] Dose response

(When the dose-response
relationship increases the
confidence than an effect is
real and substantial)

[] Plausible
confounders

(When plausible residual
confounding is directly
impacting the magnitude
of effect)

Level of evidence for
studies as a whole:

[ ] High
[ ] Moderate

X Low
[] Very low
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and intensities of
stimulation

—  studies adjusted
treatment to
individual pain
tolerance or set
percentage of
motor threshold

—  duration ranged

examining the
effectiveness and
the safety of
electrical muscle
stimulation in
the ICU and the
optimal
intervention
variables

—  muscle thickness
and
circumference;
muscle strength

Variety of stimulation
parameters:

— targeted
quadriceps,
peroneus longus,
and
gastrocnemius

—  1study targeted
biceps brachii

—  frequencies varied
(1.75 to 100 Hz), as
did pulse width
and intensities of
stimulation

ICU setting, especially
in long-stay patients

—  particularly when
administered in
long-stay and those
with lower acuity

—  no benefits were
noted in patients
with ICU stays <7
days or in high
acuity patients

from 7 days to 2
weeks
Parry et al., 2013, | To identify, Systematic 9 studies (8 RCTs, 1 Electrical muscle Study limitations=
Critical Care evaluate, and review case-control study; 136 | stimulation may be N
Medicine synthesize the patients) beneficial in preventing one
evidence muscle wasting in the Systematic review

[] Review did not address
focused clinical question

[] Search was not detailed or
exhaustive

[] Quality of the studies was
not appraised or studies were
of low quality

X] Methods and/ or results
were inconsistent across
studies
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—  studies adjusted
treatment to
visible contraction
or patient’s
maximum
tolerable intensity

—  duration was
variable as was
the type of muscle
training (interval
vs. continuous)

Wageck et al.,
2014, Medicina
Intensiva

To investigate
the applications
and effects of
NMES in
critically ill
patients in the
ICU

Systematic
review and
meta-analysis

8 studies (9 articles)

—  meta-analysis of
muscle strength
outcome (n=2; 66
patients)

Variety of stimulation
parameters:

—  targeted
quadriceps, vastus
medialis and
lateralis,
hamstrings, and
fibularis longus

—  1study targeted
biceps brachii

—  frequencies varied
(1.75 to 100 Hz), as
did pulse width
and intensities of
stimulation

NMES on quadriceps
femoris assessed using
Medical Research
Council (MRC) scale for
muscle strength showed
significant effects in
favor of NMES
(standardized mean
difference 0.77, 95% CI
0.13-1.40, p=0.02,
12=56%)

One study reported
better performance for
mechanical ventilation
weaning with NMES,
but no difference in
length of ICU stay

One study reported
decreased odds of
developing
polyneuropathy when
using NMES

Study limitations=
[ ] None
Systematic review

[] Review did not address
focused clinical question

[] Search was not detailed or
exhaustive

[] Quality of the studies was
not appraised or studies were
of low quality

X] Methods and/ or results
were inconsistent across
studies
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—  studies adjusted
treatment to
visible contraction

—  duration was
variable (4 days, 7
days, until
extubation, ICU

—  systemic effects,
muscle mass,
muscle strength

Variety of stimulation
parameters:

—  most studies
targeted lower
limbs, 1 study
targeted biceps
brachii

—  frequencies varied
(1.75 to 100 Hz), as
did pulse width
and intensities of
stimulation

— studies adjusted
treatment to
visible contraction

—  duration was
variable (4 days, 7
days, until

and a second
reported increases
in reperfusion rate,
systolic blood
pressure (BP) and
heart rate after
NMES

NMES has potential
benefits in improving
muscle strength in
critically ill patients

— unable to identify
when NMES
should be initiated
or the most
effective protocol

— current evidence
does not identify if
NMES has an effect
on functional,
quality of life, or
long-term outcomes

discharge)
Williams et al., To evaluate the Systematic 8 studies (2 RCTs, 2 Systemic effects (n=2): Study limitations=
2014, efficacy of NMES | review randomized
Physiotherapy in critically ill interventional trials, 4 - ome stqdy .reported D None
Theory and patients prospective redu§t19 nmo Systematic review
Practice observational) creatinine in urine,

[] Review did not address
focused clinical question

[] Search was not detailed or
exhaustive

[] Quality of the studies was
not appraised or studies were
of low quality

X] Methods and/ or results
were inconsistent across
studies
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extubation, ICU

Muscle mass outcomes

NMES on
weaning
processes,
discharge from
hospital, and
inflammatory
mediators in
chronic
obstructive
pulmonary
disease (COPD)
patients
receiving
mechanical
ventilation

ventilation

—  Group 1: active
extremity-exercise
training + NMES
(n=10)

—  Group 2: NMES
only; bilateral
upper and lower
extremities 5
days/week (n=10)

—  Group 3: active
extremity-exercise
only; active or
passive range of
motion exercises
for upper and
lower extremities
(n=10)

— all groups
received other
components of
pulmonary rehab
(positioning,
postural drainage,
bronchial hygiene,
deep tracheal
aspiration,
nutrition, and

improvement especially
in lower extremity
muscle strengths

— all 3 groups had
significant increases
in upper extremity
muscle strength
following
intervention

Ventilator weaning time
of the groups was
comparable (median:
day 2 vs. day 2 vs. day 4;
p=0.781)

Mobilization parameters
were statistically similar
between all groups but
may be clinically
important:

Time to sit up assisted in
bed (Group 1: 1.25+0.50
days vs. Group 2:
3.33+4.04 days vs. Group
3:4.40+ 3.91 days,
p=0.712)

Time to sit up unassisted
in bed (Group 1:
1.50+1.00 days vs. Group
2:3.66+4.61 days vs.

discharge) were varied
Akar etal., 2017, | To investigate RCT 30 conscious COPD NMES + active exercise | Study limitations=
Clinical the impact of patients in the ICU for | (p=0.014) and NMES N
Respiratory active extremity respiratory failure alone (p=0.046) exhibited one
Journal mobilization and receiving mechanical statistically significant RCT & quasi-experimental

studies

X Insufficient sample size
[] Lack of randomization
X] Lack of blinding

[] Stopped early for benefit

X] Lack of allocation
concealment

[] Selective reporting of
measures

[] Large losses to follow up
(F/U)




JIVL/A\

ournal of the Medical
Library Association

Supplemental content to

J Med Libr Assoc. Jul;108(3):dx.doi.org/10.5195/jmla.2020.865

www.jmla.mlanet.org

© Jones, Brennan, Davis 2020

psychological
support)

—  monitored from
intubation
through
extubation, death,
or discharge home

Included patients:
COPD patients (stage
Cor D) for at least 24
hours, without deep
vein thrombosis (DVT)
or comorbidities

Excluded patients:
stage D/C from ICU
within 48 hours,
developed infection,
unconscious,
hemodynamically
unstable

Evaluated muscle
strength, mobilization
duration, and weaning

Group 3: 6.80 +3.96 days,
p=0.500)

Time to sit up assisted at
bedside (Group 1:
3.25+2.21 days vs. Group
2:4.00+5.19 days vs.
Group 3: 7.20+4.94 days,
p=0.402)

Time to sit up unassisted
at bedside (Group 1:
3.75+2.50 days vs. Group
2: 6.00+4.35 days vs.
Group 3: 7.60+4.50 days,
p=0.304)

Time to stand assisted
(Group 1: 4.25+2.98 days
vs. Group 2: 7.00+4.35
days vs. Group 3:11.0
+5.24 days, p=0.671)

Time to stand unassisted
(Group 1: 5.25+2.62 days
vs. Group 2: 8.00+4.35
days vs. Group 3: 12.00
+5.61 days, p=0.123)

Time to move from bed
to chair (Group 1:
5.25+2.62 days vs. Group
2: 8.33+4.04 days vs.
Group 3:12.60+6.30
days, p=0.102)

Dos Santos et al., | To assess the RCT 51 patients receiving Duration on mechanical | Study limitations=
2018, efficacy of mechanical ventilation | ventilation was N
Physiotherapy NMES, exercise, in asingle ICU in a significantly shorter one

and combined (p=0.007) in the NMES +

therapy (NMES + exercise group (5.711.1
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Theory and
Practice

exercise) on
duration of
mechanical
ventilation in
critically ill
patients

tertiary hospital in
Brazil (2012-2014)

—  control: 55
minutes 2 times
per day; usual
care of physical
therapy like
passive
mobilization,
positioning and
stretching (n=15)

—  NMES: 55 minutes
2 times per day;
simultaneously on
rectus femoris,
vastus lateralis,
and vastus
medialis
bilaterally (n=11)

—  exercise: 55
minutes 2 times
per day; manual
assistance
progressing to
active and
resistance
exercises with
elastic bands
(n=13)

—  NMES + exercise:
55 minutes 2 times
per day;
combination of
above (n=12)

days) and NMES group
(9.0£7.0 days) in
comparison to control
(14.8+5.4 days)

— survivors only
(n=38): duration of
mechanical
ventilation was
significantly shorter
in the NMES +
exercise group
(5.75+1.3) versus
control (12.83+3.6)

Duration of sedation was
significantly shorter in
NMES + exercise
(0.6£1.0) and exercise
(0.4£0.5) groups
compared with controls
(5.83£5.1) (survivors
only; n=38)

RCT & quasi-experimental
studies

X] Insufficient sample size
[] Lack of randomization
X Lack of blinding

[] Stopped early for benefit

[] Lack of allocation
concealment

[] Selective reporting of
measures

[] Large losses to F/U

10
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Period of mechanical
ventilation=intubation
to day when no need
for it in next 48 hours

Included patients: > 18
years old, mechanical
ventilation for < 72
hours, no known
neuromuscular
disorders

Excluded patients:
cardiopulmonary
arrest, end stage
cancer, increased
intracranial pressure,
bone fractures, or skin
lesions making NMES
difficult, mechanical
ventilation > 21 days
(n=3 patients)

Fossat et al., 2018,
Journal of the
American Medical
Association

To investigate RCT
whether early in-
bed leg cycling
plus electrical
stimulation of
the quadriceps
muscles added to
standardized
early
rehabilitation
would result in
greater muscle

312 critically ill adults
admitted to a single
ICU in France

— usual care: 10
passive range of
motion exercises
with each limb
joint once every
weekday,
followed by
passive or active
exercises and then

Median MRC score at
ICU discharge did not
differ between groups
(48 [IQR 29-58] in the
intervention group and
51 [IQR 37-58] in the
usual care group)

— median difference
-3.0 (95% CI, -7.0 to
2.8, p=0.28)

Days of mechanical

Study limitations=
[] None

RCT & quasi-experimental
studies

[] Insufficient sample size
[] Lack of randomization
X] Lack of blinding

[] Stopped early for benefit
[] Lack of allocation

strength at fully acti ventilation, #
discharge from r;lch?eC elzsrcises mechanical ventilation- | concealment
the ICU (n=154) zrf::i;i};il?; rzgsei‘z:n [[] Selective reporting of
measures
ICU, frequency of

11
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— usual care + 15
minutes in-bed
cycling + 50 min
electrical
stimulation of
quadriceps
(n=158)

— 8% on mechanical
ventilation at
study inclusion

—  18.7% died in the
ICU

Included patients: > 18
years old, admitted to
ICU less than 72 hours
before randomization,
needed > 48 hours ICU
care, independent
walking ability,
Barthel index > 55
within 15 days prior to
ICU admission

Excluded patients:
pregnant, cardiac
arrest, pacemaker or
implantable device,
acute cerebral disease
requiring deep
sedation for at least 72
hours, Guillian-Barre
syndrome,
myasthenia, advanced
dementia, venous
thromboembolism
(VTE) or pulmonary
embolism (PE) treated

reintubation within 48
hours, frequency of
delirium, and ICU
mortality were not
significantly different
between the groups

—  there were also no
significant
differences
between the groups
when subgrouping
for ICU survivors
and ICU decedents

Barthel index was not
significantly different
between the groups after
6 months

Health survey scores
were not significantly
different between the 2
groups for any
component (physical
functioning, role
physical, bodily pain,
general health, vitality,
social functioning,
emotional role, mental
health, physical
component, mental
component)

In hospital, 28-day and
6-month mortality rates
were not significantly
different between the 2
groups

[] Large losses to F/U

12
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for < 48 hours,
contraindication to
electrical stimulation,
standing or transfer to
chair, or low limb
amputation

Global muscle strength
assessed using MRC
grading system

— 6 muscle groups
on both sides of
body) on day of
ICU discharge by
a blinded
physiotherapist

Per protocol:

1) received allocated
intervention at least 2
days within 3 calendar
days following
admission

2) received allocated
intervention 80% of
weekdays spent in ICU

Neither of the per-
protocol analyses
showed any significant
differences between the

2 groups

Patsaki et al.,
2017, Journal of
Critical Care

To investigate
the effects of
NMES along
with
individualized
rehabilitation on
muscle strength
of ICU survivors

RCT

128 adult patients
within 48 hours of ICU
discharge at a single
hospital in Greece

—  control: daily
sham NMES for
55 minutes on
lower limbs and
usual care (n=65)

ICU-associated
weakness (MRC < 48)
was diagnosed in 36
patients at ICU
discharge: NMES group
(n=17) and control group
(n=19)

Compliance rates:

Study limitations=
[ ] None

RCT & quasi-experimental
studies

[] Insufficient sample size
[] Lack of randomization

[] Lack of blinding

13
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— intervention: daily
NMES for 55
minutes on lower
limbs and
individualized
rehab 5
days/week (n=63)

- from ICU
discharge until
hospital discharge

—  patients who died
during the study,
refused to
continue the
intervention, or
were readmitted
to the ICU were
assigned scores of
0 for strength
testing (MRC and
hand grip) at
hospital discharge

Included patients: > 18
years old, were on
mechanical ventilation
for > 72 hours, level of
consciousness
adequate to respond to
specific orders
(open/close eyes, nod
head, etc.)

Excluded: pregnancy,
body mass index (BMI)
> 35 kg/m2,
preexisting
neuromuscular

—  86% for NMES and
sham NMES

- 82% for
individualized
rehab and 74% for
usual care rehab

MRC (48+21 vs. 5018,
p=0.53), handgrip (14£13
vs. 16111, p=0.46)
functional status via
functional
independence measure
(90£29 vs. 99124,
p=0.069) and hospital
length of stay (22122 vs.
19415 days, p=0.35) did
not differ at hospital
discharge between
groups

In the patients with ICU-
associated weakness
(MRC < 48), significant
improvement of muscle
strength was shown in
the NMES group by 2
weeks post-ICU (change
in MRC%: 59%%54% vs.
30%%20%, p=0.05)

[] Stopped early for benefit

X Lack of allocation
concealment

[] Selective reporting of
measures

[] Large losses to F/U

14
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disease, technical
restrictions for NMES,
terminal disease,
pacemaker, trauma to
spine

Individualized
rehab=passive and
active range of motion,
strength with
resistance when
tolerated, functional
exercises, ambulation,
balance exercises (40
minutes/weekday)

Usual care=strength
without resistance,
functional exercises
and ambulation only
with minimal
assistance (20
minutes/weekday)

Muscle strength
assessed using MRC
grading system

— 6 muscle groups
on both sides of

body)

Randomization
stratified by age (< or
> 50 years old) and
MRC (< or > 48)

15
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