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Abstract

Purpose—To compare neuromuscular electrical stimulation (NMES) versus sham on leg
strength at hospital discharge in mechanically ventilated patients.

Materials and Methods—We conducted a randomized pilot study of NMES versus sham
applied to 3 bilateral lower extremity muscle groups for 60 minutes daily in ICU. Between 6/2008
and 3/2013, we enrolled adults who were receiving mechanical ventilation within the first week of
ICU stay, and who could transfer independently from bed to chair before hospital admission. The
primary outcome was lower extremity muscle strength at hospital discharge using Medical
Research Council score (maximum = 30). Secondary outcomes at hospital discharge included
walking distance and change in lower extremity strength from ICU awakening.
Clinicaltrials.gov:NCT00709124.
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Results—We stopped enrollment early after 36 patients due to slow patient accrual and the end
of research funding. For NMES versus sham, mean (SD) lower extremity strength was 28(2)
versus 27(3), p=0.072. Among secondary outcomes, NMES versus sham patients had a greater
mean (SD) walking distance (514(389) vs. 251(210) feet, p=0.050) and increase in muscle
strength (5.7(5.1) vs. 1.8(2.7), p=0.019).

Conclusions—In this pilot randomized trial, NMES did not significantly improve leg strength at
hospital discharge. Significant improvements in secondary outcomes require investigation in
future research.

Indexing terms

randomized controlled trial; electric stimulation; critical illness; intensive care units; respiration;
artificial; muscle

Introduction

Survivors of critical illness face impairments in mobility and physical function, which can
last up to 8 years after their intensive care unit (ICU) stay.[1-4] With more patients
surviving critical illness,[5] greater numbers are at risk for post-ICU physical impairments.
Early rehabilitation, started in the ICU while a patient is receiving mechanical ventilation,
can improve patient outcomes and reduce ICU and hospital length of stay.[6-11] However,
some critically ill patients are unable to actively engage in rehabilitation interventions due to
issues such as severity of illness, delirium, deep sedation and coma. These patients may be
especially vulnerable to muscle atrophy and weakness due to immobilization. The first week
of a patient’s ICU stay is a critical time, with a 13% reduction in quadriceps cross sectional
area.[12] Such changes can have long-term effects, with each day of bed rest in the ICU
having an 3-11% relative decrease in muscle strength over 2 year follow-up.[13] Thus,
rehabilitation interventions that can be initiated early may be especially important.
Neuromuscular electrical stimulation (NMES) is a commonly-used physical therapy
treatment and may be a potential early intervention to reduce muscular weakness in ICU
patients.

NMES is a non-volitional rehabilitation therapy that applies an electrical current to muscles
via electrodes placed on the skin, activating intramuscular nerve branches and inducing
muscle contraction.[14] NMES is an established and safe therapy for improving strength
after injury, immobilization, and bed rest in healthy, diseased, and post-operative patients.
[15, 16] In a systematic review of NMES in 9 randomized clinical trials (RCTs) in patients
with chronic obstructive pulmonary disease and 5 RCTs in patients with congestive heart
failure, most studies demonstrated positive effects on skeletal muscle function, exercise
capacity and health-related quality of life [17].

Recently, 3 systematic reviews synthesized information on the use of NMES in critically ill
patients.[18-20] Across these reviews, authors identified 9 unique randomized trials of
NMES in critically ill patients, and recognized potential benefits of NMES on muscle
strength, function, and development of ICU-acquired weakness. [18-20] For example, in an
RCT of 24 patients receiving long-term mechanical ventilation, adding NMES to usual
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rehabilitation resulted in a 15% increase in strength measured by manual muscle testing
(p=0.001), and improved physical function with a reduced time to transfer from bed to chair
(10.8 vs.14.0 days, p=0.001).[21] In one of the largest RCTs, authors identified a lower
frequency of ICU-acquired weakness at ICU awakening in 52 evaluable patients (odds ratio
0.22, p=0.04).[22]

To-date, there is no published study of NMES started within the first week of ICU
admission with patient outcomes measured beyond ICU discharge. Therefore, we conducted
a pilot randomized study to evaluate if mechanically ventilated patients receiving NMES, in
addition to usual rehabilitation, had greater lower extremity strength at hospital discharge
versus those receiving sham intervention with usual rehabilitation. We also evaluated the
effects of NMES on secondary measures of strength (e.g., whole body strength, grip
strength) and function (e.g., walking distance, activities of daily living).

Materials and Methods

We conducted a single center, pilot randomized study of NMES versus sham intervention in
mechanically ventilated patients.[23] Using a screening log,[24] we reviewed all patients
admitted to 3 medical and surgical ICUs at Johns Hopkins Hospital for trial eligibility.
Recruitment occurred between 2008 — 2009 and 2010 — 2013 (39 months in total). We
temporarily suspended recruitment for 17 consecutive months due to a change in lead study
personnel. Inclusion criteria were: 218 years of age, mechanically ventilated for at least 1
day, and expected to require at least 2 more days in the ICU. Exclusion criteria were: (1)
body mass index (BMI) =35 kg/m?, (2) moribund status, (3) ICU length of stay >7 days or
>4 days of continuous days of mechanical ventilation before enrollment, (4) known
intracranial process (e.g., stroke) or primary systemic neuromuscular disease (e.g., Guillain
Barre syndrome) at ICU admission, (5) unable to speak English or baseline cognitive
impairment before ICU admission, (6) any conditions preventing NMES treatment or
primary outcome evaluation in both legs (e.g., skin lesions or amputation), (7) unable to
transfer independently from bed to chair at baseline before ICU admission, (8) presence of
an implanted cardiac pacemaker or defibrillator, and (9) any limitation in care other than a
sole order for no cardiopulmonary resuscitation. We also excluded patients who were
pregnant, or had a known or suspected malignancy in the legs.

Following informed consent from the patient or the substitute decision-maker, we
randomized patients in a 1:1 ratio to NMES versus sham control during their ICU stay (to a
maximum of 45 days). We used sequentially numbered, opaque, sealed envelopes to conceal
randomization allocation.[25] Our study was approved by the Johns Hopkins University
Institutional Review Board (NA 000117423) and registered at clinicaltrials.gov (identifier
NCT00709124).

NMES and Sham Intervention

In both groups, patients received usual care, as directed by the ICU team, including
rehabilitation by physical and occupational therapists,[8, 26] and all patients were screened
for physiologic stability before each NMES or Sham research session. We deferred a NMES
or Sham session if patients had any of the following within 3 hours before a research
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session: received a neuromuscular blocker infusion, documented acidosis (pH by arterial
blood gas <7.25 or venous blood gas <7.20), hyper- or hypotension (mean arterial pressure
<60 mmHg or >120 mmHg), was on 1 vasopressor at >50% of the ICU’s maximum dose
(dopamine >12.5 mcg/kg/min; phenylephrine >2 mcg/kg/min; vasopressin =0.02 units/min;
norepinephrine >1 mcg/kg/min) or was on 2 vasopressors at 40% of maximum dose.
Further, we deferred NMES or sham sessions if: (1) the patient had a new diagnosis of an
acute pulmonary embolus or deep vein thrombosis in the legs and had not been
therapeutically anticoagulated for >36 hours, or, (2) indicated by a physician in the setting of
other signs of physiologic instability (e.g., temperature <34°C or >41°C, lactate >3.0
mmol/L, creatine kinase >400 U/L, platelets <20,000/mm?3) or muscle inflammation (e.g.,
rhabdomyolysis, myositis, neuroleptic malignant syndrome, or serotonin syndrome).

Patients randomized to NMES received 60 minutes (either one 60-minute session, or two
30-minute sessions) of daily treatment bilaterally on 3 muscle groups (quadriceps (vastus
medialis and vastus lateralis), tibialis anterior, and gastrocnemius)[27] using 3 identical dual
channel NMES machines (CareStim, Care Rehab, McLean, VA). We based NMES settings
on research available at the time of study design [21, 28, 29] and used pulsed current and a
biphasic, asymmetrical, balanced rectangular waveform, with a ramp up time of 2 seconds,
ramp down time of <1 second, and frequency (pulse rate) of 50 Hz. For the quadriceps, our
pulse duration was 400 microseconds (us) with an on-time of 5 seconds and an off-time of
10 seconds. For the tibialis anterior and gastrocnemius, the pulse duration was 250s, on-
time 5 seconds and off-time 5 seconds, with tibialis anterior contraction alternating with
gastrocnemius to simulate physiologic contractions and optimize comfort. Before each
NMES session, we assessed patients’ pain levels using the Behavioral Pain Rating Scale[30]
(for sedated patients) or the Numerical Rating Scale[31] (for awake patients). We titrated
NMES amplitude to visible muscle contraction, and re-assessed pain 5 minutes later, making
readjustments to the NMES amplitude if the pain rating was over 2 points more than
baseline. If we were unable to achieve visible contraction, we gradually increased the
amplitude to the maximum value. As a late addition to the protocol, we systematically
recorded whether patients achieved visible muscle contractions in the last 9 consecutive
patients randomized to NMES. We provided NMES regardless of whether the patients were
sedated or awake. If awake, no instructions were given to patients regarding initiating
voluntarily muscle contractions during NMES.

Patients randomized to the Sham-intervention group were managed in an identical manner to
the NMES group, but amplitude was set at 0 mA so no electrical stimulation occurred. All
clinicians (e.g., physicians, nurses, therapists) were blinded to patients’ randomized group
assignment. All patients received routine physical therapy interventions during their entire
ICU and hospital stay. Our study was conducted in an ICU that prioritizes early physical
therapy interventions with mechanically ventilated patients.[8] Physical therapists developed
individualized treatment plans for patients following previously reported literature once
patients were awake and able to participate in therapy.[10] Daily, therapists identified
suitable interventions based on the patient’s physiologic status. Progressive mobility
interventions included in-bed exercises, bed mobility (e.g., rolling, sitting at the edge of the
bed), standing, transfer to chair, and ambulation, even if the patient was receiving
mechanical ventilation. Study personnel (different from the treating physiotherapists)
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delivering the randomized intervention could not be blinded to the treatment group. In both
NMES and Sham groups, we covered the patients’ legs with a sheet during the research
sessions to maintain blinding of group assignment.

Our primary outcome was “lower extremity muscle strength” at hospital discharge, assessed
by trained evaluators blinded to patients’ randomization assignment. This primary outcome
was defined as the sum of bilateral strength assessments of quadriceps, tibialis anterior, and
gastrocnemius muscles, each rated using the Medical Research Council (MRC) scale,
ranging from 0 (no muscle contraction) to 5 (normal resistance), for a maximum score of 30
points.[32—34] For all strength assessments, we used standardized supine patient positioning,
as per the American Spinal Injury Association [35] recommendations. Secondary outcomes
included dynamometry strength measures for each of the quadriceps, tibialis anterior, and
gastrocnemius muscle groups,[36, 37] overall upper and lower extremity muscle strength
score,[33] hand grip dynamometry,[38] maximum inspiratory pressure,[39] the Functional
Status Score for the ICU (FSS-ICU) physical function measure, a standardized evaluation of
walking distance[40] (i.e., walking as far as possible up to a maximum of 1,000 feet),
duration of mechanical ventilation, ICU readmission, ICU and hospital length of stay,
hospital mortality, total hospital charges, and survivors’ hospital discharge disposition.[41]

Post-hoc, we evaluated additional outcomes to compare our results with NMES studies
published after the design of our protocol.[22] At ICU awakening (defined as the ability to
follow 3 of 5 verbal commands as per previous research),[33] we evaluated the proportion of
patients with ICU-acquired weakness, defined as a Medical Research Council (MRC) sum
score <48 [33] and evaluated a secondary measure of leg muscle strength based on
evaluation of the hip flexor, knee extensor, and ankle dorsiflexor muscle groups (post-hoc
leg muscle strength).[22] From baseline, we evaluated the change in FSS-ICU to ICU
awakening, ICU discharge and hospital discharge, [40] and also evaluated the change in grip
strength, FSS-ICU, and walking distance from 1ICU awakening to both ICU and hospital
discharge.

Sample Size and Statistical Analysis

Based on data from similar patients at our study site,[40] we assumed a mean (standard
deviation, SD) hospital discharge lower extremity strength score of 21.3 (6.8) points out of a
maximum 30 for the sham control group. Since previous NMES trials reported strength
gains of 24-31%,[21, 29] we believed a 25% increase in strength (i.e., 5.3 point difference
in total score) was feasible and clinically important. Therefore, at 80% power and 5% alpha,
we needed 54 survivors (27 per group) with outcomes assessments completed at hospital
discharge.

For continuous variables, we compared the 2 randomized groups using Student’s t-test,[42]

and for binary variables, Fisher’s exact test. We used Levine’s test for equality of variances
for continuous variables. All tests were 2-tailed. We report all continuous data in means and
SD, and report a 95% confidence interval (Cl) for the difference in our primary outcome
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measure. We had no early stopping rules and conducted no interim analyses. Further details
are provided our previously published study protocol.[41]

We identified 595 potentially eligible patients; of these, 55 met all eligibility criteria with 36
providing informed consent and subsequently randomized (Figure 1). We discontinued
enrolment before reaching our sample size goal of 54 patients due to slow patient accrual
and the end of research funding. Of 36 randomized patients, 2 were withdrawn (both
randomized to NMES) before initiating any intervention because new information arose
regarding presence of an exclusion criterion (i.e., both had new strokes identified by
imaging). Thirty-four patients received NMES (n=16) or sham (n=18).

Of 34 patients randomized, 17 (50%) were female, 20 (58%) white, with a mean (SD) age of
55 (16) years (Table 1). There were no baseline differences between groups. Most patients
were admitted for sepsis (62%). Patients had a mean (SD) APACHE I score of 25 (7). At
baseline, 97% (n=33) of patients ambulated independently. Patients” mean (SD) Functional
Status Score for the ICU was 40 (4) out of a maximum score of 42. Of all 21 post-
randomization ICU exposure variables evaluated, there were no differences between groups
(Table 2), except for the mean (SD) daily duration of “usual care” physical therapy that was
8 minutes greater in NMES versus sham group (60 (31) vs. 52 (25) minutes, p=0.033)
without any significant differences between groups in the number of days of physical
therapy received.

The mean (SD) time from ICU admission to first NMES or Sham session was 4.6 (1.8) and
4.4 (1.6) days, respectively (p=0.839). Patients received a mean (SD) of 9.1 (8.7) and 10.8
(9.5) days with NMES or sham, respectively (p=0.603), with a daily duration of 53 (11) and
53 (11) minutes, respectively (p=0.952). NMES and Sham patients received 63% (h =
146/230) and 77% (n=194/252), respectively, of all potential daily research sessions, with
most sessions omitted due to the pre-screening safety criteria. Of the last 9 consecutive
NMES patients, across each of the 6 muscle groups, muscle contractions was observed in
100 to 103 (86—87%) of the 118 NMES sessions.

Our primary outcome ascertainment rate for assessable patients was 100%. Across all 34
patients, we were unable to record the primary outcome in 5 patients due to death (NMES =
3, Sham=1) or persistent metabolic encephalopathy (NMES=1). A total of 29 patients (12
NMES, 17 Sham) contributed to the primary outcome assessment. There were no significant
differences in the mean (SD) elapsed time between enrollment and outcome measure
assessment between the NMES versus sham groups at awakening (7.5 (7.9) versus 5.9 (4.3)
days, p=0.545), ICU discharge (17.7(18.9) versus 19.4 (20.4), p=0.823), or hospital
discharge (26.8 (20.9) versus 27.7 (18.1), p=0.905). Two patients, both randomized to the
Sham group, died after primary outcome assessment and before hospital discharge. There
was no significant difference in the primary outcome of mean (SD) lower extremity muscle
strength between the NMES versus Sham groups at hospital discharge (28 (2) versus 27 (3),
p=0.072), with a mean (95% CI) increase in muscle strength of 1.8 (0.35, 3.90).
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Of the secondary outcomes (Tables 3 and 4), in the NMES versus sham group, there was a
significantly greater mean (SD) increase in lower extremity strength from awakening to ICU
discharge (5.3 (5.9), N=10 versus 0.8 (3.8), N=11; p=0.047) and from awakening to hospital
discharge (5.7 (5.1), N=12 versus 1.8 (2.7), N=15; p=0.019). Patients in the NMES versus
Sham group also walked farther at hospital discharge (mean (SD) 514 (389) feet, N=12
versus 251 (210) feet, N=17; p=0.050), but this difference was not statistically significant at
ICU discharge (mean (SD) 216 (343) feet, N=12 versus 90 (121) feet, N=14; p=0.213).
There were no significant differences between groups in other secondary outcome measures
(Tables 3 and 4). Among our post-hoc analyses, the change in FSS-ICU score from ICU
awakening to ICU discharge was significantly greater in the NMES group (mean (SD)
change: 11.4 (6.2) versus Sham 4.3 (5.6; p=0.019); however, there were no between-group
differences from ICU awakening to hospital discharge. Other differences were not
statistically significant (Table 5).

Discussion

In this single-center, multi-ICU pilot randomized trial of 34 mechanically ventilated patients
randomly assigned to NMES versus Sham intervention, there was no significant difference
in lower extremity muscle strength at hospital discharge, measured by outcome assessors
blinded to treatment allocation. However, this trial was discontinued before reaching our
pre-specified sample size (54 patients) due to slow recruitment and the end of funding,
which may make this study underpowered to detect a true difference between groups.
Among a priori secondary outcome analyses, patients receiving NMES had a larger increase
in lower extremity muscle strength between ICU awakening and ICU discharge, and
between ICU awakening and hospital discharge, and walked more than 2 times farther at
hospital discharge.

Our study provides further evidence on the physical disability and in-hospital recovery
experienced by ICU survivors. As a cohort, at ICU awakening, 48% (13/27) of evaluable
patients had muscle strength scores consistent with ICU-acquired weakness (<48/60, Table
3). Of 28 hospital survivors, 46% were discharged home, 36% transferred to acute
rehabilitation, and the remainder discharged to a nursing home, sub-acute rehabilitation, or a
long-term ventilation facility. Compared to their almost-perfect, baseline score (Table 1),
patients’ mean FSS-ICU physical function score at ICU awakening was reduced by >50%
(Table 3), with improvement at ICU and hospital discharge, but still not at baseline levels by
hospital discharge. These repeated FSS-ICU scores are similar to those of a separate cohort
of medical ICU patients.[40]

Of the 5 parallel group RCTs of NMES identified in 3 systematic reviews,[18-20] 3
reported strength or function outcomes,[21, 22, 43] and of these, only 1 started NMES
within the first week of ICU admission.[22] In one of the largest RCTs to date, 52 evaluable
patients received 55 minutes of NMES versus a non-sham control within 2 days of ICU
admission. The primary outcome was an unblinded assessment of ICU-acquired weakness
(MRC score <48) at ICU awakening.[22] Compared to our pilot RCT, patients enrolled in
this prior study had a lower severity of illness (mean APACHE |1 of 18 vs. 25) and a shorter
mean ICU length of stay (NMES= 14, Control= 22 days in prior study). In this prior study,
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fewer patients receiving NMES had ICU-acquired weakness at ICU awakening (NMES =
3/24 (13%); Control=11/28 (39%); odds ratio and 95% (CI) = 0.22 [0.05 to 0.92], p=0.04).
[22]. In contrast, our smaller-sized study did not identify a statistically significant difference
in ICU-acquired weakness between NMES and sham groups (at ICU awakening: 67%
versus 33%, p=0.128, and at ICU discharge: 25% vs. 25%, p=1.000; Table 3). However, our
study was not powered to detect a difference in ICU-acquired weakness.

In contrast to previous RCTs, we identified no significant differences in lower extremity or
whole body muscle strength between NMES and Sham groups at ICU awakening, ICU
discharge, or hospital discharge. Of 3 parallel-group RCTs reporting strength measures,
those receiving NMES consistently had higher strength than controls as observed in our
study.[21, 43, 44] Of these 3 studies, only 1 conducted NMES solely in the ICU and
measured strength at ICU awakening.[44] Differences in patient population, study
intervention and outcome measures, could account for these differences across studies. The
remaining studies occurred in patients with COPD exacerbations[43] or patients receiving
mechanical ventilation >30 days;[21] 1 study started NMES 12 days after ICU admission
and measured strength at 6 weeks,[43] and the other started NMES after at least 4 weeks in
the ICU, measuring strength 4 weeks later.[21] Finally, none of these studies used the same
strength measurement protocol, which may also account for differences in results from our
study.[21, 43]

Two RCTs studied NMEs in patients with sepsis, with discordant results.[45, 46] In these
studies, investigators randomized NMES within patients (i.e., allocated to NMES to one side
of the body). Results varied by outcome measure. For example, Poulsen et al., identified no
difference in the volume of quadriceps muscle by CT scan,[45] whereas Rodriguez et al.
identified significant differences in arm and leg strength measured by manual muscle
testing, favoring patients receiving NMES.[46] Since NMES has a microcirculatory effect,
[47] and may have systemic effects within patients, further RCTs in septic patients would be
valuable.

Our pilot study has strengths. We included serial measures of strength and function and
completed the primary outcomes assessment on all assessable patients at hospital discharge.
We also used a Sham control group, concealed treatment allocation, and blinded caregivers
and outcome assessors. We reported our research according to CONSORT standards for
non-pharmacological RCTs.[48] We optimized the fidelity of the intervention and outcomes
assessments by delivering interactive training sessions, developing training materials, and
conducting quality assurance audits for personnel delivering research sessions and for
outcomes assessors.[48]

Our pilot study also has limitations. First, our sample size calculation was based on a mean
(SD) estimate for Sham group lower extremity strength score at hospital discharge of 21.3
(6.8) (maximum score = 30) which was much lower than actually observed (27 (3)) in the
pilot trial. Our control group was stronger than expected, which may be due to increases in
providing early rehabilitation in the ICU that enrolled the most patients during our study.[8,
49] This issue represents a common challenge for the design and conduct of rehabilitation
trials in the ICU as “usual care” changes over time.[50] Second, patients did not receive all
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NMES sessions due to pre-screening safety criteria, receiving a mean (SD) of 9 (8.7) NMES
sessions, 4.6 days after ICU admission, over a mean (SD) 22 (17) day ICU stay. There was
no difference in the number of sessions between the NMES and Sham groups. Our
intervention delivery of this intervention occurred less frequently than in 2 prior positive
RCTs of ICU-based rehabilitation.[6, 9] Patients in an in-bed cycling study enrolled after a
mean of 14 days, received the intervention a median [IQR] of 7 [4, 11] sessions and had a
median [IQR] 11 [5, 21] day ICU stay post-enrollment. Patients in a study of early
occupational and physical therapy received the intervention on 87% of days and were
initiated within 1.5 days of intubation.[6]

The optimal NMES settings are unknown; indeed, within the 3 systematic reviews of ICU
research, all studies used different NMES settings.[18—-20] We did not include any
mechanistic evaluations of the effects of NMES, electrophysiologic measures of muscle or
nerve function, or histological evaluations of muscle. We did not achieve our pre-planned
sample size, and were underpowered for evaluating our primary outcome. Moreover,
significant differences between NMES and Sham groups for secondary outcomes (e.g.,
change in lower extremity muscle strength scores and walking distance at hospital
discharge) may have occurred due to chance and require further prospective study. Finally,
we included a measure of impairment (muscle strength) as our primary outcome, rather than
a functional outcome (e.g., 6-minute walk test) because we were interested in whether
NMES improved muscle strength, a measure of impairment, rather than function. Recent
studies highlighted weak correlation between strength and functional measures in ICU
survivors.[6, 9, 51] Within critical care medicine, greater evaluation is needed to better
understand and then standardize outcome measures.[52, 53] As the study of critical care
rehabilitation interventions matures, we suggest rigorous evaluation of additional types of
outcomes for measures of body structure and function (e.g., muscle ultrasound) and activity
(e.g., frailty, 5 times sit to stand, timed up and go test) to measure patients’ responses to
treatment interventions.[52-55]

Conclusions

In this pilot randomized trial with blinded outcomes assessment, NMES in critically ill,
mechanically ventilated patients did not significantly improve leg strength at hospital
discharge. Because our trial stopped early due to slow recruitment and the end of funding,
we may be underpowered to detect a true difference between groups. Among a priori
secondary outcomes, NMES versus Sham patients had a significantly greater mean walking
distance and change in muscle strength at hospital discharge. These significant
improvements in secondary outcomes require investigation in future research.
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595 Potentially Eligible Patients

v

Excluded (n= 559 (94%))

Did not meet eligibility criteria (n=460)
83 BMI >35 kg/m”’
79 Moribund
61 >7 days in intensive care unit before enroliment
46 >4 days continuous mechanical ventilation before enrollment
43 Known intracranial process
35 Language/cognitive barrier
35 Legs not feasible for NMES
28 Dependent for transferring from bed to chair prior to admission
25 Primary systemic neuromuscular disease
20 Implanted cardiac pacemaker or defibrillator

5 Limitation in care other than a sole order for no CPR
Did not agree to participate (n=19)
Other reasons (n=80)

36 Randomized

0 withdrawn prior to
treatment initiation due

to meeting exclusion
criteria

16 NMES treatment
16 (100%) Received treatment

3 died prior to primary
outcome assessment

v

12 Survivors in primary analysis
1 Not in primary analysis due to
encephalopathy

Figure 1.
Patient flow diagram

to meeting exclusion
criteria

18 Sham treatment
18 (100%) Received treatment

1 died prior to primary
outcome assessment

v

17 Survivors in primary analysis

J Crit Care. Author manuscript; available in PMC 2016 February 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Kho et al.

Page 15

Table 1
Baseline patient characteristics?
Overall NMES Sham p-value
(n=34) (n=16) (n=18)

Age (years) 55 (16) 54 (16) 56 (18) 0.741
Female, n (%) 17 (50) 9 (56) 8 (50) 0.732
White race, n (%) 20(58) 7(44) 13(72) 0.163
Body mass index (kg/m?) 27 (7) 27 (9) 27 (5) 0.794
Charlson comorbidity indexP 21(21) 16(7) 26(25) 0.191
Functional comorbidity index® 18(17) 18(18) 19(L7) 0.825
Living independently at home, n (%) 29 (85) 13 (81) 16 (89) 0.335
Number of independent ADLs, mean (SD)d 56(08) 56(0.1) 5.7(0.9) 0.781
Number of independent IADLs, mean (SD)€ 5.7(28) 59(@30) 5527 0.646
Independent with ambulation, n (%) 33(97) 16(100) 17 (94) Not calculated
Functional Status Score for the ICU (FSS—ICU)f 3437 34(L9) 3@AD 0.474
APACHE Il score9 25(7) 25 (8) 25 (6) 0.822
ICU admission diagnosis, n (%) 0.790

Sepsis 21(62) 9(56)  12(67)

Respiratory failure 5 (15) 3(19) 2 (11)

Gastrointestinal 3(8) 1(6) 2(11)

Other 5 (15) 3(19) 2 (11)

Abbreviations: ADLs — Activities of Daily Living; IADLs — Instrumental Activities of Daily Living; APACHE Il Score: Acute Physiology and
Chronic Health Evaluation I1, ICU, Intensive Care Unit

a . . -
Unless otherwise specified, mean (standard deviation) are presented

bCharlson comorbidity index: a weighted score derived from 19 comorbidities, with higher scores reflecting increased 1-year mortality.[56]

CFunctional comorbidity index: a score derived from 18 comorbidities, with higher scores reflecting decreased 1-year physical function.[57, 58]

Katz Activities of Daily Living Scale: A score assessing the patient’s ability to complete 6 tasks: bathing, dressing, toileting, feeding, continence,

and bed mobility. Higher scores represent better function.[59]

e - Lo . - - . .
Lawton Instrumental Activities of Daily Living Scale: A score assessing the patient’s ability to do 8 items: use of the telephone, shopping, food
preparation, housekeeping, laundry, use of transportation, ability to take medications, and managing finances. Higher scores represent better

function.[60]

Functional Status Score for the ICU: a score assessing a patient’s ability to complete 5 bed mobility/ transfer tasks: rolling, supine to sit, sitting at
edge of bed, transfer from sit to stand, ambulation. Each item is assessed on a scale from 0 (unable to perform) to 7 (independent). Higher scores
reflect better function.[40] The score presented in Table 1 represent patients’ status prior to hospital admission.

gAPACHE 11 score: a severity of illness scale based on patient age, pre-existing medical conditions, and 12 acute physiologic variables assessed
during the first 24 hours after ICU admission. Higher scores indicate greater severity of illness and increased short-term mortality.[61]
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Table 2

Post-Randomization Patient Exposures in the Intensive Care Unit2

NMES Sham p-

(n=16) (n=18) value

Mean daily SOFA scoreP 6.2(47) 56(16) 0630
Ever received dialysis, n (%) 4 (25) 4(22) 1.00
Mean daily creatine kinase, U/LC 647 (1267)  85(%)  0.173
Mean daily caloric intake from enteral feeding 975 (436) 793 (497) 0.269
Mean daily blood glucose, mg/dL 144 (33) 155(32)  0.402
Mean daily maximum blood glucose, mg/dL 178 (51) 191 (47) 0.883
Mean daily insulin dose (units)d 13 (20) 15(22) 0857
Ever received systemic corticosteroids, n (%) 10 (63) 12 (67) 1.000
Mean daily corticosteroid dose (prednisone-equivalent, mg)d 22(27) 38(71) 0381
Ever received a HMG-CoA reductase inhibitor, n (%) 6 (33) 5(28) 0.717
Ever received neuromuscular blocker, n (%) 2 (13) 4(22) 0.660
Ever received opioids, n (%) 16 (100) 18 (89) 0.487
Mean daily opioid dose (morphine-equivalent, mg)d 49 (60) 156 (259)  0.105
Ever received benzodiazepines, n (%) 10 (63) 15 (83) 0.250
Mean daily benzodiazepine dose (midazolam-equivalent, mg)d 23 (36) 47 (94) 0.352
Mean daily RASS score® -18(16) -11(10) 0133
Mean proportion of ICU days delirious€ n (%) 67 (34) 66 (32) 0.947
Number of days with physical therapy 6.5 (7.0) 7.1(9.8) 0.853
Mean daily duration of physical therapy (minutes)® 60(31) 52(25) 0036
Number of days with occupational therapy 2.4 (2.1) 21(1.6) 0.551
Mean daily duration of occupational therapy (minutes)f 38(14)  42(18) 0254
Mean number of days with NMES/sham sessions 9.1(8.7) 10.8(9.5) 0.603
Mean daily duration of NMES/ sham session (minutes) 53 (11) 53 (11) 0.952

Page 16

Abbreviations: SOFA, Sequential Organ Failure Assessment; RASS, Richmond Agitation Sedation Scale; ICU, Intensive Care Unit; NMES,

neuromuscular electrical stimulation

aUnless otherwise specified, mean (SD) are presented for each randomized group

b

SOFA: A composite score evaluating 6 organ systems used to assess the severity of organ dysfunction in the ICU.[56]

CNot evaluated as part of study protocol. Data presented are available data within the medical record for 11 NMES and 11 Sham patients. A single
outlier from the NMES group had high creatinine kinase levels during ICU stay; No temporal relationship between creatine kinase elevation and

receipt of NMES sessions was observed.

dMean calculated only for days that the patient received the drug

eOnIy collected on days when patient received NMES/Sham session. Only evaluable on days when RASS not —4 or —5. Number of days measured:

NMES = 106 and Sham = 172

fMean calculated for only days in which the patient received physical therapy or occupational therapy
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Table 4

ICU and Hospital Outcomes?
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NMESQ Sham p-
(n=16) (n=18) value
Mean increase in primary lower extremity MRC strength — awakening to ICU dischargebvC 53(59) 0.8(38) 0.047
Mean increase in primary lower extremity MRC strength — awakening to hospital 57(.1) 1.8 (2.7) 0.019
dischargeP:C
Duration of mechanical ventilation (days) 20 (18) 16 (15) 0.492
Ever re-admitted to ICU, n (%) 3(19) 5(27) 0.693
ICU mortality 3(19) 1(5) 0.323
Hospital mortality 3(19) 3(17) 1.000
ICU length of stay (days) 22 (17) 20 (17) 0.722
Hospital length of stay (days) 36 (22) 35 (20) 0.850
Hospital charges (US dollars) 163,159 (117,730) 152,968 (88,683) 0.776
Hospital disposition for survivors, n (%)
Home 5(38) 8 (53) 0.251
Acute rehabilitation 4 (31) 6 (40)
Otherd 4(31) 1(7)

Abbreviations: NMES, neuromuscular electrical stimulation; MRC, Medical Research Council; ICU, Intensive Care Unit

aUnIess otherwise specified, mean (SD) are presented

b . . . . .
Sample sizes for mean change lower extremity MRC, by NMES and sham groups, respectively: awakening to ICU discharge, 10 and 11,

awakening to hospital discharge, 12 and 15

Includes knee extension, ankle plantar flexion, and ankle dorsiflexion. Patient positioning for evaluation conducted as per American Spinal Injury
Association[32] using the Medical Research Council Score in which the patient exerts a force against the examiner’s resistance. Each muscle
assessed on a 6-point MRC scale (0=no contraction; 5=contraction sustained against maximal resistance).

Other includes sub-acute rehabilitation, long-term ventilator facility, or nursing home
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