
S164 ANAESTH, PAIN & INTENSIVE CARE; VOL 22(Suppl) October 2018

SPECIAL ARTICLE
ANAESTHESIA, PAIN & INTENSIVE CARE

www.apicareonline.com

The role of neuromuscular electrical 
stimulation for rehabilitation in ICU 
acquired weakness 
Martha Kurnia Kusumawardani1, Dewi Poerwandari1, 
Inggar Narasinta1, Hanik Badriyah Hidayati2, Imam Subadi1

ABSTRACT
1Department of Physical 
Medicine and Rehabilitation; 
2Department of Neurology, 
Faculty of Medicine, Airlangga 
University / Dr. Soetomo 
General Hospital, Surabaya, East 
Java, Indonesia

Correspondence:
Hanik Badriyah Hidayati, 
Department of Neurology, 
Faculty of Medicine, Airlangga 
University / Dr. Soetomo 
General Hospital, Surabaya, 
East Java, Indonesia; E-mail: 
hanikhidayati@yahoo.com

Received: 25 Oct 2018
Reviewed: 4 Nov 2108
Accepted: 8 Nov 2108

Objective: To provide an overview of the muscle weakness development in intensive 
care units (ICU), summarize clinical trials on the role of neuromuscular electrical 
stimulation for muscle weakness rehabilitation in ICU and highlight recent strategies 
that may prevent or minimize this condition. 

Methodology: Literature review. 

Results: Some recent studies have shown that an increasing number of survivors of critical 
illness develop significant functional impairment; one of the common impairments 
being ICU acquired muscle weakness. Prolonged immobilization and mechanical 
ventilation likely contribute to the development of ICU-acquired weakness. Several 
novel therapeutic strategies have been used to overcome the impairment, including 
neuromuscular electrical stimulation. This neuromuscular electrical stimulation, a kind of 
physical therapy, is known to stimulate the nerves and thus increase muscle contraction. 

Conclusion: Neuromuscular electrical stimulation for rehabilitation in ICU-related 
muscle weakness has shown some promise, but more efforts are needed to detect the 
development of ICU-acquired weakness as early as possible and rigorously evaluate 
novel rehabilitation interventions.
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BACKGROUND
Life expectancy of patients with critical illness has 
been continuously increasing over decades due to 
rapid development of newer diagnostic modalities, 
newer therapeutic agents, improved clinical and 
nursing care in these patients. This condition 
inevitably lead to an increasing numbers of prolonged 
immobilization patients in intensive care units (ICU). 
Prolonged immobilization my adversely affect the 

organ function, resulting into significant functional 
impairment and a poor quality of life.1,2 Generallized 
muscular weakness without any exact causes during 
treatment in the ICU, usually called ICU-Acquired 
Weakness (ICU-AW), is one of the common functional 
impairments in patients with critical illness. It may 
result into prolonged mechanical ventilation, delayed 
recovery, and thus prolonged ICU stay, significantly 
increasing the risk of morbidity and mortality.3-5 
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Prolonged ICU stay causes a decrease in muscle 
activity resulting in muscle atrophy and a decrease in 
muscle strength. Muscles that develop atrophy also 
have a reduced number of capillaries in muscle fibers. 
The arterial walls become thickened and hardened, 
reducing the capacity to dilate.2

The etiology of ICU-AW is multifactorial, yet 
prolonged immobilization remains the most common 
deconditioning factor. Early diagnosis of muscle 
weakness is important to plan for early ambulation, to 
prevent the failure of weaning and predict outcomes.3,4,6  

ICU-AW is one of the complications that often arises 
from critical illnesses and is associated with high 
rates of morbidity and mortality. The latest data 
shows that the incidence of ICU-AW has long term 
consequences, beyond the time of hospitalization. 
ICU-AW is very likely to be an important contributor 
to post intensive care syndrome. This terminology 
includes persistent physical, mental and cognitive 
dysfunction.7 There may be involvement of the 
peripheral and central nervous system. Several terms 
have been used for this group of disorders, including 
critical illness polyneuropathy (CIP), critical illness 
myopathy (CIM), and critical illness polyneuropathy 
and myopathy (CIPM).8

PATHOPHYSIOLOGY
There are several risk factors that influence the 
occurrence of ICU-AW, including prolonged 
immobilization, systemic inflammation and over 
sedation. There are several risk factors that are 
still considered controversial by many researchers, 
including the use of corticosteroids, neuromuscular 
blocking agents and hyperglycemia.4

Although some studies have shown several 
pathological conditions that might underlie the 
onset of ICU-AW, the exact cause remains unclear,9 
hence the pathophysiological mechanism of ICU-
AW is believed to be multifactorial, including the 
microcirculation dysfunction and hyperglycemia. 
The former may cause nerve ischemia that lead to 
axonal degeneration. Inactivation of sodium channels 
was also thought to be a trigger of neuropathy, 
myopathy or both of them in critical illness.10 

DIAGNOSIS
ICU-AW variations, such as CIP, CIM, and CIPM, 
have similar features and are difficult to distinguish 
clinically. This condition can exist beyond first week 
of ICU stay, in patients with systemic inflammation, 
multiple organ failure, administered with high doses 
of corticosteroids or neuromuscular blocking agents.5

The diagnosis of CIP is made with the presence of 

all of the following:

1. Patient meets the criteria for ICU-AW

2. CMAP amplitudes are decreased to < 80% of the 
lower limit of normal in > 2 nerves

3. SNAP amplitudes are decreased to < 80% of the 
lower limit of normal in > 2 nerves

4. Normal or near normal nerve conduction 
velocities

5. Absent decremental response on repetitive nerve 
stimulation.

The CIM diagnostic criteria are the occurrence of 1, 
2, 5, and either 3 or 4:

1. Muscle weakness that develops after the onset of 
critical illness

2. The weakness begins as generalized (starts at 
the proximal limb muscles, continues to distal 
limbs), symmetrical, flaccid and spares the 
cranial nerves.

3. The muscle strength assessed using Medical 
Research Council (MRC) score. A composite 
MRC score from the examination of 3 muscle 
groups in each limb (range: 0 to 5), with < 80% 
of the maximum score (ie, < 48 out of 60). 

4. Dependent mechanical ventilation.

5. Caused muscle weakness is not related to the 
underlying disease of the patient.

The earliest signs can be facial grimace without 
extremity movements in response to pain stimulation. 
It is rare to find extra ocular muscle involvement. 
The muscle atrophy is variable and often disguised as 
edema. In addition, a weakness in respiratory muscles 
can also appear and affect the weaning process of 
mechanical ventilation.4,5,10 

Patients, who have been diagnosed as ICU-AW based 
on the criteria, should undergo a serial evaluation; 
and if the neurological deficit persists, further 
examination can be recommended in the form of 
electrophysiological studies and muscle biopsy. 
Meanwhile, in patients with persistent coma after 
cessation of sedation, CT-scan or MRI of central 
nervous system is recommended.10,11

NEUROMUSCULAR ELECTRICAL 
STIMULATION (NMES)
Difference in gradient concentration and voltage in 
our body induce electrical transmission of the cell 
and affect the depolarization.  Electrical stimulation 
basically is a neurologic process.12,13

The body tissues such as muscles, nerves, body 



S166 ANAESTH, PAIN & INTENSIVE CARE; VOL 22(Suppl) October 2018

neuromuscular electrical stimulation in ICU

fluids are a conductor, so the electric current can 
pass through the tissue. On the other hand the skin, 
hair, ligaments, callus, fat, bone, tendon, and scar are 
insulators.13,14

Neuromuscular electrical stimulation (NMES) 
is an application of electrical stimulation to 
produce skeletal muscle contraction as a result of 
transcutaneous peripheral stimulation. The purpose 
of NMES application are for muscle strengthening 
especially after prolonged immobilization, maintain 
muscle mass, and selective muscle training.15

Commonly NMES is used for musculoskeletal 
rehabilitation, but beside that, it is also used for 
patients with central nervous system injury. It 
creates an electrical field around motor axon that 
have sufficient strength to make depolarization 
at the axonal membrane, so the action potential 
will occur and induces muscle contraction. Thus, 
NMES works by depolarizing motor axons rather 
than muscle fibers directly. To be effective, NMES 
application needs an intact peripheral nerve and 
healthy muscle physiology. It has a specific effect 
of improving function but does not directly result 
in function.16 It is an electrical stimulation used for 
an intact lower motor neuron to activate paretic or 
paralytic muscle. Clinical application of NMES is 
to improve functional activity and for therapy. One 
of the therapeutic effects is ‘motor learning’, which 

mean improving the preserved motor function which 
will loose due to damage of central nervous system.16 

Normal muscle contraction is a response to 
depolarization of its motor nerve. In the absence 
of muscle innervation, the muscle contraction is 
produced by depolarization of muscle membrane, 
rather than the motor nerve. This stimulus will create 
the same muscle contraction as a natural stimulus. 
Once a stimulus reaches a depolarizing threshold, 
the nerve or muscle membrane depolarizes, and 
propagation of the impulse or muscle contraction 
occurs.17

NMES initiated with the excitation of peripheral 
nerve tissue. Terminology of ‘stimulus threshold’ is 
defined as the lowest level of electrical charge that 
causes an action potential. The threshold for action 
potential for nerve fibers is 100 to 1000 times less 
than stimulation for muscle fibers. So, the NMES will 
stimulate nerves directly and also the end point of 
the nerve proximal to neuromuscular junction.16 The 
electrode placement of NMES can be done on muscle 
belly or motor end point. Stimulation via motor 
points would directly promote the motor branch 
excitation. Non-optimal electrode placement would 
require higher current levels to reach and excite the 
motor branch, as a consequence there will be a greater 
excitation of pain afferent fibers. The most effective 
site for electrode placement is on motor point. In 

muscle with more than 1 
motor points, large electrodes 
are used for efficiency of 
electrical stimulation.15,18

The basic of NMES is 
therapeutic current. There are 
3 types of therapeutic current; 
direct, alternating and pulsed 
current. The pulsed current 
is usually more comfortable 
and more commonly used in 
clinical practice. NMES units 
commonly use a symmetric 
biphasic pulsed current, 
which means they use 
bidirectional flow of charge 
and the flow of charge in each 
direction is the same in both 
pulse phases.15

Contraindications of NMES 
are same as all other electrical 
stimulation devices, e.g. 
pregnancy, pace maker 
insertion, hemophilia or Figure 1: Classification of electrical current13
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thrombosis patients, and other relative 
condition such as epilepsy, seizure, and 
cardiac patients.17,19

Nerve and Muscle Respond to NMES 

Nerve fiber recruitment in NMES 
is different with normal physiologic 
nerve recruitment. In a physiologic 
action potential, the recruitment starts 
with neurons of the smallest diameter 
to the largest ones. In NMES, the 
principle recruitment pattern is “reverse 
recruitment order” which mean largest 
diameter fibers, which innervate larger motor units, 
will be recruited first. More type II nerve fibers 
are recruited in NMES, so the muscle will easily 
get fatigued with its use.14,16 The characteristics 
of NMES electrical wave are stimulus frequency, 
amplitude, and pulse width. When a high frequency 
of action potentials in the presynaptic neuron elicits 
postsynaptic potentials that summate with each 
other, it is called temporal summation.  The duration 
of a postsynaptic potential is longer than the interval 
between action potentials. Adjustment of stimulus 
parameters creates the resultant strength of muscle 
contraction. Stimulus with higher amplitude will 
recruit more fibers than the lower amplitude (Figure 
3).13 The minimum frequency for muscle response is 
12.5 Hz. Higher frequency will create higher forces, 
but as a consequence the muscle fatigues easily and 
contractile force is decreased. The optimal NMES use 
minimal frequency to produce muscle contraction. 
The ideal frequency of upper extremity application 
is between 12 to 16 Hz, and for lower extremity it is 
18 to 25 Hz, the range of frequency of NMES devices 
is 10-50 Hz.16

ROLE OF REHABILITATION IN ICU
An organized rehabilitation service is needed due to 
its role in improving the quality of life as well as the 
outcome of the patient, especially in acute medical 
wards, surgical wards, intensive care units, in-patients 
rehabilitation units, sub-acute rehabilitation units 
in nursing homes, out-patients facilities and even 
home setting. The rehabilitation service provides the 
clinicians with a tool of enhancing patient safety.20 

ICUs mostly deal with patients in critical condition 
or patients who need special attention because of 
an unstable condition, or the nature of the disease 
demands medical interventions more intensively than 
in the ward. Physical Medicine and Rehabilitation 
(PMR) service has been the part of the ICU team. 
The rehabilitation management in ICU is also known 
as Acute Medical Rehabilitation, that is defined 

as “a program of goal oriented multidisciplinary 
rehabilitation under the responsibility of a PMR 
specialist during the first days or weeks following 
injury, illness or response to complex medical 
treatment or its complications”. The candidate 
of acute medical rehabilitation is a patient with 
complex disabilities that need rehabilitation service, 
is informed about functional prognosis of his disease 
or disability, or who has to live with permanent 
disabilities and needs possible adaptation to his 
environment. This information has to be conveyed 
to the caregiver and the family too, especially in 
the case of pediatric patients or severely disabled 
patients. Complications in patient in ICU after 
prolong immobilization could appear as pressure 

Figure 2: Type of current in electrical stimulation14

Figure 3: Higher amplitude (B) recruits more muscle 
fibers compared to the lower amplitude (A)13
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ulcers, skeletal stiffness or contracture, respiratory 
problems, bladder and bowel problems or muscle 
weakness.21 

NMES for ICU-AW
Muscle weakness as a consequence of prolonged 
immobilization could limit physical and function 
ability to perform routine daily activities leading to 
reduced quality of life. A study of NMES on lower 
extremities (rectus femoris and peroneus longus) 
in addition to standard physical rehabilitation 
program shows significant benefit to critically ill 
patient following ICU discharge. NMES and physical 
rehabilitation programs also enhance muscle strength 
(MRC muscle strength score and hand grip strength) 
in ICU survivors at hospital discharge. Further 
studies are needed on larger sample size to document 
improvement in these patients and long term effects.22 

The feasibility and safety of NMES on quadriceps 
femoris in acute critically ill patient with the study 
outcome were to assess muscle contraction quality, 
identify factors that interfere contraction and the 
effect of NMES on cardio-respiratory system and skin. 
The study results showed that muscle contraction 
could prevent muscle weakness if stimulated with 
3-4 sessions consisting of 3-4 contractions per session 
with an intensity of 65-69 mA. Sepsis, edema, and 
vasopressors after admission to medical ICU, were 
the factors that could impede muscle contraction 
that need to be stimulated with NMES. The study 
also concluded that NMES is safe when used in ICU 
patients.23 

The effects of NMES use at cellular level were studied 
with the purpose to prove that NMES session would 
increase count of Endothelial Progenitor Cells 
(EPCs) by mobilizing progenitor endothelial cells 
in critically ill septic patients. The NMES electrodes 

were placed on the motor points of vastus lateralis, 
vastus medialis and peroneus longus in both of the 
legs, the intensity using high and medium frequency 
protocol increasing after every 3 minutes. The results 
of blood sampling and flow cytometry analyses show 
that NMES mobilized EPCs in acutely ill; however, 
it was not dependent on NMES protocol, rather more 
on corticosteroid administration.24 

Benefits of using NMES in patient receiving 
mechanical ventilation have also been studied with 
an aim to prove benefit of early rehabilitation and 
NMES in this group of patients. The study placed 
NMES in quadriceps, tibialis and gastrocnemius in 
both lower extremities for 60 min daily until visible 
contraction was detected. There were alternating 
phases of contractions and rest phase during NMES 
stimulation. It is novel to use NMES earlier in critical 
care, because it can preserve the muscle strength. 
The result of this study stressed the need of more 
multicenter randomized trials in phase II of critical 
illness to confirm benefits of NMES.25

Systematic review study of NMES in critical care 
using International Classification of Functioning, 
Disability and Health (ICF) was aimed to evaluate the 
evidence of NMES efficacy compared with usual care 
in critical care and its impact on all domains in ICF. 
Limitations of the study were that the study included 
only a small number of eligible patients and there 
was heterogeneity in outcome, but the researcher 
concluded that NMES increased muscle strength and 
could be beneficial in increasing range of movements 
in joints and prevention of muscle atrophy during 
mechanical ventilation and activity limitation.
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