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Background: Neuromuscular electrical stimulation (NMES) with high protein supplementation
(HPRO) to preserve muscle mass and function has not been assessed in ICU patients. We
compared the effects of combining NMES and HPRO with mobility and strength rehabilitation
(NMES+HPRO+PT) to standardized ICU care.

Objectives: To assess the effectiveness of combined NMES+HPRO+PT in mitigating sarcopenia
as evidenced by CT volume and cross-sectional area when compared to usual ICU care.
Additionally, we assessed the effects of the combined therapy on select clinical outcomes,
including nutritional status, nitrogen balance, delirium and days on mechanical ventilation.

Methods: Participants were randomized by computer generated assignments to receive either
NMES+HPRO+PT or standard care. Over 14 days the standardized ICU care group (N = 23)
received usual critical care and rehabilitation while the NMES+HPRO+PT group (N=16) received
30 minutes neuromuscular electrical stimulation of quadriceps and dorsiflexors twice-daily for 10
days and mean 1.3 £ 0.4 g/kg body weight of high protein supplementation in addition to standard
care. Nonresponsive participants received passive exercises and, once responsive, were encouraged
to exercise actively. Primary outcome measures were muscle volume and cross-sectional area
measured using CT-imaging. Secondary outcomes included nutritional status, nitrogen balance,
delirium and days on mechanical ventilation.

Results: The NMES+HPRO+PT group (N = 16) lost less lower extremity muscle volume
compared to the standard care group (N = 23) and had larger mean combined thigh cross-sectional
area. The nitrogen balance remained negative in the standard care group, while positive on days
5,9, and 14 in the NMES+HPRO+PT group. Standard care group participants experienced more
delirium than the NMES+HPRO+PT group. No differences between groups when comparing
length of stay or mechanical ventilation days.

Conclusions: The combination of neuromuscular electrical stimulation, high protein
supplementation and mobility and strength rehabilitation resulted in mitigation of lower extremity
muscle loss and amelioration of clinical status in ICU patients.

Trial Registration: Clinicaltrials.gov identifier: NCT02509520. Registered July 28, 2015

Keywords

ICU; neuromuscular electrical stimulation; high protein supplement; multimodal rehabilitation
training; ICU acquired weakness; critical care nutrition

Introduction

Older patients who suffer from critical illness, particularly those requiring mechanical
ventilation (MV), are at high risk for skeletal muscle wasting and loss of physical

function from prolonged bed rest. This debilitated state can further perpetuate a prolonged
intensive care unit (ICU) stay resulting in increased mortality. The mechanisms for this
muscle wasting are multifactorial and include endotoxin-mediated inflammation, nutritional
inadequacy and altered substrate metabolism [1-5]. Efforts at rehabilitating older, critically
ill patients during an ICU admission vary from passive mobility and range of motion
exercises in bed-bound patients [6-8] to progressive ambulation [9-11]. Though active
participation in limb strengthening, gait rehabilitation and endurance exercises during
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ICU admission are beneficial [6, 12], impaired consciousness, delirium and hemodynamic
instability obviate the ability of critically ill patients to perform mobility-based maneuvers.
Therefore, alternative rehabilitation strategies are needed to preserve muscle mass and
function in this high-risk population.

Neuromuscular electrical stimulation (NMES), a method which uses electrical impulses

to elicit involuntary muscle contractions to reduce muscle loss, has gained much interest
over the past decade as adjunctive rehabilitation therapy for hospitalized patients, including
critically ill patients admitted to the ICU [13-17]. The principal mechanism supporting

the incorporation of electrically induced contraction into the care of these patients is the
enhancement of metabolic exchange, augmentation of muscle blood flow and muscle fiber
hypertrophy [15, 18, 19]. Though NMES appears to be a promising intervention to mitigate
muscle atrophy associated with prolonged bedrest, less is known about its effects on the
recovery of functional outcomes, especially in the face of nutritional deficit, similar to the
undernourished state that occurs during critical illness.

Nutritional supplementation, specifically dietary protein intake, has received increasing
attention as a strategy to preserve skeletal muscle health when combined with standardized
ICU rehabilitation. In select non-ICU populations, the combination of high protein diets
and rehabilitation interventions have demonstrated favorable treatment effects in terms of
preservation of skeletal muscle mass, strength and function compared with either nutrition
or rehabilitation alone [20, 21]. Although it is recognized that nutritional optimization
combined with activity and strength-oriented rehabilitation may yield the best outcomes
[22], nutritional intake of critically ill patients is often below that prescribed by the
registered dietitian due to unplanned interruption of feedings for procedures and feeding
intolerance [23-25]. Furthermore, providing the prescribed nutritional intake without the
incorporation of effective exercise while bedbound will reduce the ability of muscle to
effectively utilize amino acids as metabolic substrates to sustain an anabolic state and
maintain skeletal muscle structure, mass and function [26].

Thus, the combination of NMES with high protein supplementation (HPRO) may be an
ideal strategy for mitigating loss of muscle mass and preserving function, thereby shortening
the duration of MV and ICU length of stay (LOS) in critically ill patients [22, 27]. We
hypothesized that NMES combined with high protein supplementation would attenuate the
loss of muscle mass, maintain positive nitrogen balance, and improve clinical outcomes
(reduce delirium, ventilator days and ICU LOS) compared to usual care. We assessed this
by conducting a randomized pilot trial comparing the effects of a multimodal intervention
combining a mobility and strength rehabilitation program (PT), NMES and high protein
dietary supplementation (NMES+HPRO+PT) to standardized ICU care (SC) on change in
muscle mass and clinical outcomes.

Approval was obtained from the Medical Center Internal Review Board. Older >50-
year-old), mechanically ventilated participants (=24 hours) were screened daily using
the following eligibility criteria: pre-admission Barthel Index of =70, ability to follow
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commands and able to perform physical therapy testing prior to ICU admission. Informed
consent was obtained from those that met eligibility criteria or their legally authorized
representative. Demographic data were collected from the electronic medical record (EMR).
Actual participant height and weight were obtained while in bed using measuring tape

and bed scale. APACHE 11 and Nutrition Risk in Critically ill (NUTRIC) score were
calculated to categorize baseline severity of illness and nutritional risk [28]. Participants
were randomized by computer generated assignments using a 1:1 allocation ratio.

Assessments

Measurements of thigh and lower leg muscle volume and cross-sectional area and testing of
muscle strength and mobility were performed at baseline and repeated at day 7 and 14 of the
intervention or at the time of discharge from the ICU if less than 14 days. On days 1, 5, 9
and 14, assessment of nitrogen balance and delirium occurred.

Muscle Volume and Cross-Sectional Area (CSA)—Study participants received
volumetric non-contrast enhanced CT scans [Brilliance 64 scanner, Philips Healthcare, The
Netherlands] from the hips to the ankles bilaterally to assess skeletal muscle CSA and
volume of tissue. Skeletal muscle was considered in the range of —29 to +150 Hounsfield
units [29, 30] using Medical Image Processing, Analysis and Visualization [MIPAV, version
7.0, NIH, Bethesda, Maryland] analytical software [31]. CSA was measured as the sum of
all muscles for the right and left thighs (where the middle slice corresponded to the level at
one-third the distance from the lesser trochanter to articular surface of the ipsilateral femur)
[32] and lower legs (where the middle slice corresponding to the level at one-third the
distance from the proximal articular surface to the distal articular surface of the ipsilateral
tibia), separately, on three consecutive 10-mm axial CT slices. Using the same regions,
thigh and lower leg volumes were each measured using Philips IntelliSpace Portal software
(version 8.0, Philips Healthcare, The Netherlands).

Nutritional Status—Electronic records were reviewed to determine total daily volume
of enteral feeds administered. Total daily energy and protein intake were calculated from
standardized formulas using volume of enteral feeds in addition to the energy and protein
from supplements. Recorded dietary intake included total caloric and macronutrient intake
from intravenous medications [i.e, propofol, dextrose], as well as parenteral, enteral, and
oral feedings. Nitrogen balance was calculated on days 1, 5, 9, and 14 from 24-hour urine
urea nitrogen measurements and known dietary intake.

Clinical Outcomes—After obtaining all baseline measures, participants were randomized
to either SC or NMES+HPRO+PT groups. Data extracted from the EMR upon discharge
included the number of physical therapy and occupational therapy sessions, incidence of
delirium on days 1,5,9,14 (based on the Confusion Assessment Method [33]), recommended
and actual discharge disposition, hospital and ICU length of stay, and days on a ventilator.

Interventions

Standardized Care (SC) Group: The SC group received standard, condition-specific
ICU medical management, in addition to, ICU-protocol-driven management of sedation,
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ventilator weaning, glucose control, nutritional support, and environmental optimization.
Standard physical therapy and occupational therapy was provided by trained hospital
therapists per usual practice of Rehabilitation Services. Standard therapy included strength
and range of motion exercises, in addition to different mobility exercises as tolerated by each
patient (sitting at edge of bed, sit to stand, and ambulation). Dietary recommendations for

all participants were calculated by the ICU Registered Dietician (RD) using the Penn State
Equation adjusting for body temperature and minute ventilation [34]. Recommended protein
intake was calculated per usual hospital protocol using ASPEN guidelines [35], severity of
illness and BMI.

NMES+HPRO+PT Group: The NMES+HPRO+PT group was provided a multimodal
rehabilitation program as described in a recent publication [12]. In addition, the group
received SC physical therapy by the hospital rehabilitation services. The multimodal
rehabilitation program was delivered by a research PT who did not participate in SC.

The PT intervention was based on exercise physiology principles with sufficient intensity,
duration, frequency, and recovery period as previously published [10]. Participants in the
NMES+HPRO+PT group were seen twice a day for 30 minutes each, up to 5 days per week.
One session included an individualized progressive PT rehabilitation program providing
muscle strength and endurance training and focused on restoring sit to stand and ambulation
ability concurrent with a 30-minute NMES session. Full participation in this daily session
was limited by each subject’s physical ability on a given day. The second daily session
consisted of a second NMES treatment without physical exercises. The goal was for the
participants to receive a total of 20 NMES sessions in a 14-day period (1.4 sessions/day),
including 10 simultaneously with physical therapy, throughout the study duration.

NMES was provided using a wireless wearable functional electrical stimulation system
(Bioness L300 Plus™) applied to the quadriceps and dorsiflexor muscles of both lower
extremities using water-based surface electrodes twice daily for 14 days or until discharge
from the ICU. The parameters used included symmetric biphasic waveform pulses of 300
psec phase duration and pulse rate of 30 pulses per second. Contraction and relaxation times
were each set at 10 sec and all 4 muscle groups were stimulated concurrently. Each session’s
stimulation data of each muscle were quantified as stimulation dose (in microcoulombs)
using the formula: pulse duration (PD) X pulse rate (PR) X peak current intensity (1) X
treatment time (T). Stimulation intensity during each session was adjusted by the research
therapist to assure as strong as possible visible muscle contraction tolerated. NMES was
paused during ambulation activities to assure subject’s safety. For participants who were
sedated, NMES sessions were provided twice a day for 30 minutes at an intensity to elicit
the highest tolerated overt intermittent contractions.

Protein recommendations for the HPRO study group were prescribed based on 1.75 grams
of protein per kilogram of actual body weight per day. After accounting for protein in

the parenteral, enteral, and oral feeds, a powdered whey protein supplement (Optimum
Nutrition, INC, Downers Grove, IL) was provided daily to supply the remaining protein
required to achieve the total protein intake recommendations. The protein supplement was
mixed with 40 mL of water and was administered by nursing staff via enteric access. Any
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additional protein supplements recommended by the ICU RD were not provided to HPRO
group.

Statistical Analyses: Data are expressed as mean + standard deviation, medians with
interquartile ranges, or counts with percentages. Pearson’s chi square test or Fisher’s exact
test, Student’s t-test, and the Wilcoxon rank-sum tests compared baseline characteristics,
including NUTRIC and APACHE 11 scores and BMI (SAS 9.4, Cary, NC, USA). Mixed
effects linear regression (SAS proc Mixed, with a repeated statement), was used to

model the value of the outcome variable of interest at baseline, 7 and 14 days. AICC (a
modification of Akaki’s information criteria [36, 37]) was used to select the covariance
structure (compound symmetry vs. first-order autoregressive) that best fits the model. Within
each covariance structure, a likelihood ratio test was used to choose between a model
adjusted for initial value of the dependent variable, age, sex, ethnicity, intervention, time-
point and an intervention*time-point interaction vs. a model adjusted for initial value of
the dependent variable, intervention, time-point and an intervention*time-point interaction.
Least square means were used to compute the value of the outcome measure at each time
point. Linear contrasts were used to compute the changes from baseline to day 7 and from
baseline to day 14.

Results

Baseline Demographics

From May 2016 to March 2018, 350 participants were screened for eligibility and 46 were
found to be eligible; consent was unable to be obtained in 7 participants (Figure 1). Of the
39 participants enrolled, 23 were randomized to SC and 16 to NMES+HPRO+PT. At Day 7,
11 participants from the intervention group and 17 from the SC group were able to obtain
CTs. At Day 14, this number was further reduced to 8 and 11, respectively. The decline in
participants available to obtain CT imaging was due to patients being discharged from the
ICU. At baseline, participants in both groups were similar in age, race and sex (Table 1).
Both groups had comparable APACHE Il scores, NUTRIC score and Barthel Indices (Table
1). The leading ICU admission diagnosis was acute respiratory failure in both the SC and
NMES+HPRO+PT groups, 83% and 81%, respectively.

Intervention Delivery

Seventeen of 23 and 11 of 16 participants completed testing on day 7, and 11

and 6 participants completed testing on day 14 for the SC and NMES+HPRO+PT

groups, respectively. Both groups received similar number of usual care therapy sessions
conducted by the ICU rehabilitation staff. Sessions were missed because of participant
unresponsiveness (comatose or sedated), hemodynamic or respiratory instability, or the
participant being off the unit for a procedure or diagnostic test. By design, the
NMES+HPRO+PT group received an average of 5.6 extra PT sessions and 10 NMES
sessions, more calories (15.3 + 6.8 vs 20.1 + 7.5 kcal/kg, p=0.05) and protein (0.8 + 0.4 vs
1.3 £ 0.4 g/kg/d (p=0.003)) than the SC group (Table 2).
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Muscle volume and cross-sectional area (CSA)

The muscle CSA and volumes were comparable in the NMES+HPRO+PT and SC groups
at baseline (Table 3). Change from baseline in CSA and volume of the thighs and lower
legs did not differ between groups by day 7. However, on day 14, the SC group lost more
muscle when comparing thigh and lower leg volume compared to the NMES+HPRO+PT
group (thigh —21.0% vs. —8.4%, p=0.03; lower leg —15.3% vs. —1.2%, p=0.05, Table 3).
The SC group also experienced greater muscle loss when comparing thigh cross sectional
area compared to the NMES+HPRO+PT group, although not statistically significant (thigh
-26.2% vs. —13.8%, p=0.08). When analyzing lower leg cross sectional area, the SC group
continued to lose muscle mass while the NMES+HPRO+PT group gained lower leg volume
over the 14-day time period (-15.3% vs. 1.2%, p=0.08).

Nutritional Status

Although the protein prescription goal was higher than the protein prescription for the usual
care group, actual protein received by all participants varied due to stoppage of feeds for
various clinical reasons. The differing prescriptions in addition to the noted holdings of tube
feeds resulted in a significant difference in the amount of calories/kg and protein/kg intake
between the groups (Table 2). The nitrogen balance of the SC group was negative across the
study duration, while the NMES+HPRO+PT group returned to positive balance on Day 5, 9,
and 14, with significant differences in nitrogen balance between groups recorded on Day 9
(Table 4).

Clinical ICU Outcomes

At all designated time points, the SC group had a higher proportion of participants test
positive for delirium compared to the NMES+HPRO+PT group, although no significant
differences in CAM score were noted at any time (Table 4).

There was no difference in the ICU LOS. Although the mean days on the ventilator was
higher in the SC group, this difference also did not reach statistical significance (10.5 + 9.3
vs. 6.9 + 5.0 days, p=0.13, Table 5). There was no statistically significant difference between
groups in the proportion of participants who went home, or to a skilled nursing facility or
other hospital/facility.

Discussion

The multipronged intervention presented in this pilot study presents a novel approach testing
additive effects of NMES and high protein supplementation combined with multimodal
physical rehabilitation on muscle loss and clinical and functional outcomes. The findings
demonstrate the favorable effects of this intervention to attenuate lower extremity muscle
loss in older, mechanically ventilated survivors admitted to a medical ICU. Further, the
outcomes show the intervention was associated with significant improvements in nitrogen
balance and muscle mass and a non-significant reduction in the incidence of delirium using
the Confusion Assessment Method (CAM). While a small number of studies show favorable
independent benefits of NMES or NMES combined with exercise on the recovery of muscle
strength [13-17, 38], there is only one study in ambulatory patients with COPD [39] that

Heart Lung. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Verceles et al.

Page 8

examine the effects of combining NMES with caloric and protein supplementation on
muscle mass and function. Thus, the findings of this investigation support a new, efficacious
treatment strategy for the management of critically ill patients.

Our findings are consistent with those of previous studies which concluded that physical
rehabilitation and early mobility are feasible and safe interventions for mechanically
ventilated ICU patients [6, 8, 40]. However, much of the benefit is dependent on

patients’ active participation. In the early days of ICU hospitalization and often for

several days, critically ill patients are unable to actively participate in PT due to impaired
consciousness, sedation, delirium, or general frailty [41, 42]. Several studies report little to
no physical benefit for severely debilitated, critically ill patients from therapeutic passive
range of motion and change in bed position; thus, these patients are most susceptible to
developing post ICU syndrome and associated neuromuscular weakness and atrophy [43,
44]. Recent studies demonstrate that NMES is a noninvasive therapeutic intervention that
can restore muscle strength while enhancing peripheral blood flow, promoting skeletal
muscle angiogenesis, and decreasing inflammation. Thereby, potentially reducing the impact
of sepsis in patients unable to exercise voluntarily [13-19, 38, 45, 46]. This suggests that

the incorporation of NMES, independent of the patients’ level of consciousness or delirium
status, is a feasible and practical treatment adjunct to provide uniform physical rehabilitation
to most critically ill patients [15, 18, 19, 46-49]. The magnitude of the benefits of NMES

in minimizing muscle atrophy and promoting muscle strength gains in critically ill patients
varies widely amongst most studies, mostly due to differences in delivery, methodology

and patient selection [15, 17, 45-48]. Thus, NMES demonstrates potential as a treatment
modality to improve critical care outcomes and prevent post-ICU syndrome [50, 51].

In our study, the intervention and standard care groups did not differ in disposition at
discharge from the hospital, length of stay in the ICU, or time on ventilator support.

These data contrast the results of an earlier investigation, that reported significant difference
weaning from mechanical ventilation (87% vs. 41%) and more patients discharged home
than usual care (53% vs. 12%) when comparing the efficacy of multimodal rehabilitation
program alone to usual care. The study population in the aforementioned study were long-
term acute care hospital (LTACH) patients [12] as opposed to our population, who were
medical ICU patients. The difference in outcomes could potentially be explained by severity
of illness and co-morbidities of an ICU population when compared to a less severely ill
LTACH population.

Treatment efficacy may also be impacted by poor nutritional status of patients [52] and
inconsistent patient adherence to the recommended nutritional supplement. This study
compared protein supplementation administered in standard ICU care (0.8 + 0.4) to the

high dose protein (1.3 £ 0.4) of our experimental group. The protein delivered to patients

in our intervention group were comparable to the recommended protein intake doses of ICU
patients in other nutritional intervention studies and consistent with the recommendations of
the American Society of Parenteral and Enteral Nutrition [23, 24, 35, 53-57]. The nutritional
supplementation provided ample calories and protein to the NMES+HPRO+PT group to
reduce muscle catabolism and prevent wasting, while the SC group started and continued to
be in negative nitrogen balance with muscle loss over the course of the study. The question
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may lead to better clinical outcomes [56]. The NMES+HPRO+PT protocol resulted in better
clinical outcomes but found no correlation between changes in muscle volume or CSA with
nitrogen balance. Thus, supporting the concept that nitrogen balance and muscle strength
recovery may be independent variables in non-mobile patients ICU patients.

We acknowledge several shortcomings inherent in our study. The discharge of patients
from the initial numbers of 23 SC and 16 NMES+HPRO+PT at baseline to 11 and 8,
respectively, at study end point reduced the statistical power in our analyses. As discussed,
several unanticipated constrains resulted in limited dose of the NMES application due in
part to the 1.9 therapist to patient ratio. To overcome these two short comings, future
study designs should include additional NMES sessions each day that may be delivered by
other ICU team members in addition to the physical therapists, such as nurses and patient
care technicians. Another limitation inherent in the study design included the inability of
our study to compare individual modalities or other combinations of intervention including
HPRO+PT without NMES or with NMES alone. The decision not to include these other
groups was due to the pilot nature of this study which was primarily limited by support
and ability to recruit enough participants in the period allocated for this trial. Further
study is needed to analyze each intervention independently. Lastly, the possibility exists
that since our study allowed for an additional physical therapy session to the intervention
group it is possible that this may have contributed to the positive findings in muscle volume
and cross-sectional area more so than the addition of HPRO and/or NMES. Thus, further
investigation is needed to assess the independent effects of additional PT alone versus in
combination with high protein and NMES.

Conclusion

Funding

In this pilot trial of critically ill, mechanically ventilated participants, the addition

of physical therapy, neuromuscular electric stimulation and high protein nutritional
supplementation to standard critical care resulted in the restoration of positive nitrogen
balance, which was associated with an increase in lower extremity muscle volume and cross-
sectional area when compared to standard medical care. Additionally, the participants in

the intervention group experienced less delirium and time requiring mechanical ventilation.
Larger, randomized future studies are needed to determine whether the components of this
multimodal intervention will yield similar benefits independently of one another, and if
continuing this intervention longer than 14 days confers additional health benefits.
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Availability of data and materials

The datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.

List of Abbreviations

NMES neuromuscular electrical stimulation
HPRO high protein supplementation

PT physical therapy

SC standard care

LOS length of stay

EMR electronic medical record
NUTRIC Nutrition Risk in Critically ill
MRC medical research council

LTACH long-term acute care hospital

PD pulse duration

PR pulse rate

CAM confusion Assessment Method
CSA cross-sectional area

SPPB short physical performance battery
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Highlights

In this pilot trial of critically ill, mechanically ventilated subjects, the addition
of physical therapy, neuromuscular electric stimulation and high protein
nutritional supplementation to standard critical care resulted in the restoration
of positive nitrogen balance.

There was an increase in lower extremity muscle volume and cross-sectional
area when compared to standard medical care.

The intervention group experienced less delirium and time requiring
mechanical ventilation.
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Table 1.

Demographics and Characteristics of Study Patients

SC (n=23) PT + NMES + HPRO (n=16) p-value
Age (years) 62+9.3 62+93 0.99
Sex 0.69
Male 10 (43%) 8 (50%)
Female 13 (57%) 8 (50%)
Race 0.35
African American 9 (39%) 10 (63%)
Caucasian 11 (48%) 5 (31%)
Other 3 (13%) 1 (6%)
BMI (kg/m?) 30+6.6 29455 0.70
APACHE 11 Score 15474 17.8+55 0.29
NUTRIC Score 36+15 39+17 0.47
Barthel Index 93.0+9.5 93.4+10.0 0.90
Primary Diagnosis 0.83
Respiratory 19 (83%) 13 (81%)
Cardiac 0 (0%) 0 (0%)
Neurological 1 (4%) 0 (0%)
Other 3 (13%) 3 (19%)

*
Data expressed as n (%) or mean + standard deviation unless otherwise noted.
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Table 2.

Physical Therapy, Neuromuscular Electric Stimulation and Nutrition Delivery

SC (n=21) PT+NMES+HPRO (n=16) p-value
Rehabilitation Program-
Standardized Care (SC)
Sessions/Patient 32+31 41+22 0.35
Sessions/Day 0.3+0.3 0.3+£0.2 0.78
Experimental
Sessions Prescribed N/A 8.2+20
Sessions Received 56+33
NMES
Prescribed # Sessions Received N/A 10.1+45
Prescribed # Sessions/day Received (max 14) N/A 0.8+0.3
% Prescribed Sessions Received N/A 59 +23
Total Charge (millicoul) N/A 9441.0 + 6862.7
Nutrition
Prescribed
Calories/kg 215+48 227+41 0.44
Protein/kg 1.3+0.2 14+02 0.48
Received
Calories/kg 153+6.8 20.1£75 0.05
Protein/kg 08+0.4 1.3+04 0.003
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Table 3.

Thigh and Lower Leg Muscle Imaging — Cross Sectional Area and Volume

Cross Sectional Area (cm?)

Absolute Value

Change (%)

SC PT+NMES+HPRO  p-value SC PT+NMES+HPRO  p-value
Thigh
Day Day
0 1119+19 1123+22 0.90 0-7 -159(-14.2) -13.0 (-11.7) 0.51
7 96.0+2.1 99.2+£2.2 0.29 0-14 -26.2(-23.4) -13.8 (-12.4) 0.08
14 85.7+3.1 98.4+29 0.004
Lower Leg
Day Day
0 51.9+1.1 51.9+1.2 0.99 0-7 -3.2(-6.2) -2.1(-4.0) 0.55
7 48712 498+12 0.51 0-14 -6.7 (-11.7) +0.2 (+0.4) 0.08
14 452+1.7 52.1+1.6 0.005
Volume (cm?3)
Absolute Value Change (%)
SsC NMES+HPRO p-value SC NMES+HPRO p-value
Thigh
Day Day
0 2245.8 + 35.6 2261.5+40.0 0.77 0-7  -193.5(-8.6) -198.2 (-8.8) 0.87
7 2052.3+38.5 2063.4 £ 40.0 0.84 0-14 -471.7 (-21.0) -190.1 (-8.4) 0.03
14 1774.1 £ 56.1 20715+ 535 <0.001
Lower Leg
Day Day
0 932.2+20.2 938.9+22.6 0.83 0-7 -64.0 (-6.9) -34.9 (-3.7) 0.45
7 868.2 £ 21.6 904.0 + 22.6 0.26 0-14 -142.9 (-15.3) -11.0(-1.2) 0.05
14 789.4 £ 32.5 927.9+29.1 0.003

Page 18

SC= Standard care, PT+NMES+HPRO = Physical Therapy, Neuromuscular Electric Stimulation and High Protein Supplementation. All statistics
expressed as mean + SE. Sample sizes at Day 0 were 23 and 16 in SC and PT+NMES+HPRO respectively. On day 7, these numbers dropped to 17

and 11, and dropped further to 11 and 8 on day 14.
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Table 4.

Nitrogen Balance Between Groups Over 2 Weeks

Page 19

Nitrogen Balance SC (mean + SD) (n) NMES+HPRO+PT (mean + SD) (n)  p-value
Day 1 -4.60 + 8.48 (23) -0.99 + 5.76 (16) 0.16
Day 5 -2.88 + 7.81 (18) 1.35 + 10.68 (16) 0.19
Day 9 -2.27 +9.01 (14) 7.38 +7.31 (11) 0.009%
Day 14 -373+11.09(11)  1.45+10.23(8) 0.36
Proportion Testing CAM + for Delirium

SC NMES+HPRO+PT p-value
Day 1 13/20 (65%) 9/16 (56%) 0.59
Day 5 6/18 (33%) 4/16 (25%) 0.59
Day 7 7117 (41%) 3/11 (20%) 0.19
Day 9 4/14 (29%) 3/11 (27%) 0.92
Day 14 7111 (55%) 1/8 (13%) 0.14
Total Positive 37/80 (46%) 20/62 (32%) 0.09

Percent total is based on the proportion of time points when Confusion Assessment Method (CAM) testing was found to be + measured on days 1,

5,7,9and 14.

All statistics expressed as n/total (%) of subjects testing CAM + for delirium at a given time point
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Table 5.

Disposition Status (60 day outcome)

Control (n=23) Intervention (n=16) p-value

Disposition 0.75
Home 13 (57%) 8 (50%)
Other than home 10 (43%) 8 (50%)
Hospital LOS (days) 19.1+11.1 19.1+96 0.99
ICU LOS (days) 11.5%£9.2 10.6 £6.3 0.74
Ventilator Duration (days) 10.5+9.3 6.9+5.0 0.13
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