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Introduction



Post-intensive care syndrome (PICS)

• PICS describes the disability that remains in 
surviving the critical illness. 
• impairment in cognition, psychological 

health, and physical function of the ICU survivors

Inoue S, et al. Post-intensive care syndrome: its pathophysiology, prevention, and future directions. 
Acute Med Surg 2019;6:233-46.
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Prevention 
of PICS

• ABCDEF bundle

https://www.sccm.org/Clinical-Resources/ICULiberation-Home/ABCDEF-Bundles

Ely EW. The ABCDEF Bundle: Science and Philosophy of How ICU Liberation Serves Patients and Families. Crit Care Med 2017;45:321-30.
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Early mobilization in Critically ill patients

➢ Medical or Medical-surgical ICU  

➢ Neuro ICU  

➢ Neuro-trauma ICU5



Rehabilitation Role’s in PNUH Trauma

ICU rounding
48시간 screening

환자 평가 및 재활 처방
재활치료 모니터링 (TRC)

Missed injury

TICU

GW rounding
전실 후 재평가

Bed side or 치료실 재활
환자 및 보호자 교육

GW

재활
치료

재활
평가

PFT, MIP(NIP), MEP, 
PCF(PEF), US 

(diaphragm, lung)

Pulmonary

Neurological and 
Physical exam., 

EMG-NCS, US(MS)

Neurologic/
Musculoskeletal

FEES, VFSS, GUSS

Dysphagia

퇴원
or

전과

입
원
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ICU 
Specialist

ICU Nurse

/ RC*

Environment

(Device)

PT / OT / 

ST

Rehab

Specialist

• Roles of Rehab. Coordinator

1) 의료진 - 팀원 사이 의사소통

: 치료 내용, 목표, 과정 등에 대해서 정보 공유

2) 안전사고에 대비한 조치

: 재활 중 모니터링 및 발관 등 안전사고에 대비

Multidisciplinary Team Approach



TRAUMA Intensive Care Unit

Safety Criteria
• 조기재활을 안전하게 시작할 수 있는 환자의 심혈관계, 호흡기계, 신경계 등 임상적 지표

• 시작 뿐 아니라 재활치료의 중단이 필요한 임상적 지표

• 기준 지표들은 환자의 임상적인 증상, 현재 상태, 목표 활동량에 따라서 조절 될 수 있음

8
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Early mobilization
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Chest physiotherapy

Percussion

Vibration
Hyperinflation

MIE
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Neuromuscular 
Electrical 
Stimulation

Basic Concepts



Muscular weakness and/or wasting in ICU

• ICU-AW
• ‘critical illness myopathy’, 

‘critical illness polyneuropathy’, 
and ‘critical illness polyneuromyopathy’

• Medical Research Council-Sum Score (MRS-SS), 
EMG-NCS

• Mechanical ventilator

- 5-7 days: 26% to 65% 
- >10 days: up to 67% 

• ICU stay
- at least 24h: 11%
- 7-10 days: 24-55%

• “Sepsis + Multi-organ system failure(MOF)”
→ nearly 100% 

14 Schefold JC, et al. Muscular weakness and muscle wasting in the critically ill. J Cachexia Sarcopenia Muscle 2020;11:1399-412.
Hermans G, Van den Berghe G. Clinical review: intensive care unit acquired weakness. Critical care (London, England) 2015;19:274.

• type Ⅰfibers → type Ⅱx fibers
• myosin filaments loss
• sarcomere structural damage



Muscular weakness and/or wasting in ICU

• Ventilator induced diaphragmatic dysfunction (VIDD)
• up to 80% of ICU-AW
• Ultrasound, inspiratory muscle force(NIF, MIP), phrenic nerve conduction study

• Dysphagia 
• 3 to 62%

(12.4% in a general ICU, 18% in emergency admissions to the ICU)

• persistent dysphagia 

at ICU discharge > 80%

at hospital discharge > 60%

• FEES (fiberoptic endoscopic evaluation of swallowing)

15
Macht M, et al. Postextubation dysphagia is persistent and associated with poor outcomes in survivors of critical illness. Crit Care 2011;15:R231.

ICU-AW, VIDD, dysphagia는 ICU에서 예방 및 조기 진단하여 치료를 시작하는 것이 중요



Neuromuscular electrical stimulation (NMES)

• Therapeutic NMES
✓Repeated application of current 

to produce contraction of 
innervated muscle by 
depolarizing local motor nerves. 
Repeated application may 
produce effects—for example, 
muscle strengthening.

• Functional NMES (FES)
✓The use of electrical current to 

directly enable a functional 
movement.
(such as U/Es for activities of daily 
living (ADLs) or L/Es for gait)

16



• Motor point
• the smallest amount of current is required to produce muscle contraction

• optimal sites for NMES to maximize the evoked tension and to minimize pain

Gobbo M, Maffiuletti NA, Orizio C, Minetto MA. Muscle motor point identification is essential for optimizing neuromuscular 
electrical stimulation use. Journal of NeuroEngineering and Rehabilitation 2014;11:17.

17

NMES



• activation threshold of the alpha motor neuron axons 
→ contraction of muscle fibers (less excitable than motor nerve)

• nerve endings more effectively than the muscle

• only in the case of denervated muscles a direct muscle stimulation may occur

18

NMES

Latronico N, Fagoni N, Gobbo M. Chapter 46 - Neuromuscular Electrical Stimulation in Critically Ill Patients. In: Prabhakar H, editor. Essentials 
of Neuroanesthesia. Academic Press; 2017. p 771-81.

Guo Y, E Phillips B, Atherton PJ, Piasecki M. Molecular and neural adaptations to neuromuscular electrical stimulation; Implications for ageing 
muscle. Mechanisms of Ageing and Development 2021;193:111402.



NMES

• Voluntary contractions
• a temporally asynchronous

• spatially diffused pattern from slow-twitch
muscle fibers to fast-twitch muscle fibers

• from small MUs to larger ones

• NMES
• temporally synchronized, spatially fixed, and 

non-selective

• early recruitment of a large number of 
fatigable fast-twitch fibers

19

Gregory C, Bickel C. Recruitment Patterns in Human Skeletal Muscle During Electrical Stimulation. Physical therapy 2005;85:358-64.



Electrode - placement

• monopolar electrode
• anode (+): proximally on the target muscle, over the innervating nerve

• cathode (-): on the motor point of the target muscle

• the waveform produces more current flow in either the positive or the negative direction 
(eg. biphasic asymmetrical unbalanced pulsed current)

• bipolar electrode
• anode and cathode: proximal and distal ends of the muscles (or muscle group)

• the waveform produces equal current flow in positive and negative directions

20
Nussbaum EL, et al. Neuromuscular Electrical Stimulation for Treatment of 

Muscle Impairment: Critical Review and Recommendations for Clinical Practice. 
Physiotherapy Canada. Physiotherapie Canada 2017;69:1-76.



NMES parameters

pulse duration

pulse
amplitude

interpulse interval

• frequency (Hz): the number of pulses in 1 second (30~70Hz)

• pulse duration (pulse width, μs): the time elapsed from when the current 

leaves the isoelectric line until it returns to baseline. (200~400μs)

• pulse amplitude(intensity, mA or mV): the magnitude of the current(or 

voltage) deviation from isoelectric line (< 50mA)

• ON time(s): the time over which a series of pulses is delivered 

• OFF time(s): the time over which no current is delivered

• ON:OFF ratio: higher ratio → less muscle fatigue (1:2~1:8)

• ramp-up/ramp-down time(s): commonly 1-2 seconds 

21



• target muscle size, depth, spread of current를 고려

• lager electrode (e.g., 5 x 10 cm, 10 x 10 cm, or larger)

• deeper current penetration, more comfortable (current density↓)

• larger muscles (e.g., quadriceps, hamstrings, lumbar spine)

• smaller electrode (e.g., 5 x 5 cm square or 5 cm in diameter)

• less comfortable (current density↑), burn risk↑

• isolating specific muscles, medium-sized muscles (e.g., forearm, calf, 
shoulder girdle)

22

Electrode - size

Nussbaum EL, et al. Neuromuscular Electrical Stimulation for Treatment of Muscle Impairment: Critical Review 
and Recommendations for Clinical Practice. Physiotherapy Canada. Physiotherapie Canada 2017;69:1-76.



Electrode - placement
• parallel to the longitudinal direction of the muscle fibers

• cleaning of the skin
→ to reduce resistance to current flow

• if the desired muscle action is not elicited → move the electrodes

23
copyright 2019 The Steadward Centre, University of Alberta 



Electrode - placement

24 copyright 2019 The Steadward Centre, University of Alberta 



Electrode - placement

25 copyright 2019 The Steadward Centre, University of Alberta 



Electrode - placement

• https://www.axelgaard.com/Education

26

https://www.axelgaard.com/Education


• Complication
• skin response to NMES

- redness, local edema, skin etching, skin injury d/t electrodes
- unusual in awake patients

• Contraindication
1) interference with electromedical devices

: internal pacemaker, intracranial electrical stimulator, 
radiofrequency stimulators(spinal cord stimulators)

2) interference with systemic disease
: spastic paralysis, epilepsy (not adequately compensated)

3) local pathological processes
: acute phlebitis, areas of damaged or irritated skin
: near the carotid sinus, chest region in pts with arrhythmias & CHF, 
abdominal application in pregnancy

27

DBS



Evidence of NMES
and Clinical Applications

28



NMES devices

• marketed electrical simulators
: preprogrammed protocols
: protocol would not be updated after purchase

• stimulation amplitude, electrode placement 만 조정
→ NMES를 잘 이해하지 못해도 적용 가능.

• To achieve desired clinical outcomes, it is 
necessary to be able to customize and modify 
treatment based on the patient's characteristics.

29



NMES devices

• manual setting

• + TENS

30
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NMES devices for dysphagia
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NMES devices for dysphagia

개인용 치료기기
• NMES (strength, dysphagia) 
• TENS

• Low price, unknown parameter



Safety

• safe for critically ill patients

• should be applied by well 
trained professionals

• proper evidence-based 
parameters

33 Sachetti A, Carpes MF, Dias AS, Sbruzzi G. Safety of neuromuscular electrical stimulation among 
critically ill patients: systematic review. Rev Bras Ter Intensiva 2018;30:219-25.



• prevention of atrophy
• type 1 and type 2 muscle fiber

• improvement of skeletal muscle weakness
• the synthesis of muscle proteins↑

• muscle microcirculation↑

• prevention of shoulder subluxation

• non-invasive

• does not require patients’ cooperation 
or stable cardiac or respiratory function

Maffiuletti NA, Roig M, Karatzanos E, Nanas S. Neuromuscular electrical stimulation for preventing skeletal-muscle weakness and 
wasting in critically ill patients: a systematic review. BMC medicine 2013;11:137-.

34

NMES in ICU



Muscle strength

• 6 RCTs, 718 patients

• medial or surgical ICU

• mean age 60 ± 15.2y, (male 60.6%)

• ‘NMES only’ vs ‘NMES + early mobilization/exercise’

• no significant effects: muscle strength, ICU mortality, duration of MV, 
ICU length of stay

35



Muscle strength

• 11 RCTs, 576 patients

• ‘NMES’ vs ‘sham NMES’

• enhancing muscle strength, 
shortening the MV duration, ICU LOS, hospital LOS

36



• TBI patients

Silva PE, et al. Neuromuscular electrical stimulation in critically ill traumatic brain injury patients attenuates muscle 
atrophy, neurophysiological disorders, and weakness: a randomized controlled trial. J Intensive Care 2019;7:59.

mild TBI
4wks immobility

Muscle strength



Muscle strength

• Limb position
• mid-range of muscle length to produce the strongest muscle 

contraction (e.g. knee, 65° flexion, sitting position)

• very weak muscles 
• MMT - Trace, Poor grade: gravity-assisted or gravity neutral position

• MMT - Fair grade: gravity-resisted position

38



Muscle strength - parameter recommendtions

• quadriceps, hamstring, calf

• frequency: 50Hz

• pulse duration: 350~400μs

• ON-OFF ratio: 1:2~1:3
(ON 6~12s, OFF 8~24s)

• intensity: 
max tolerated intensity

• duration: 30~60min/d, daily

39



PNUH
• early day of ICU admission

• sedated patient

• severe weakness and atrophy (MMT < poor)

• neurological disorder (e.g. TBI, stroke, SCI)

• awakening and good cooperation

• MMT ≥ poor

40

“NMES”

“NMES 
+ exercise”

• NMES는 적은 인력으로 치료 양적인 측면에서 긍정적인 요소를 제공
• 근력이 호전될 수록 운동시간을 늘려가는 방향으로 적용.



Respiratory muscle

• pectoralis major and rectus abdominis m.
• frequency 50Hz, pulse duration 300μs

• ramp on 1s, ON time 3s, ramp down 1s, OFF time 10s 

• session duration 30min

• “NMES + Rehab” vs “sham NMES + Rehab”

→ muscle thickness(US) was preserved, shorter ICU LOS

41 Dall' Acqua AM, et al. Use of neuromuscular electrical stimulation to preserve the thickness of abdominal and chest 
muscles of critically ill patients: A randomized clinical trial. J Rehabil Med 2017;49:40-8.



Respiratory muscle

• Control 
vs Quadriceps NMES vs Diaphragm NMES

• Diaphragm parameter
• frequency 30Hz

• ramp on 1s, ON time 1s, 
ramp down 1s, OFF time 20s

• session duration 45min

• Electrode placement
• 7th-8th intercostal space

• Rt./Lt. side of the xiphoid proc.
and midaxillary line 

42 Leite MA, et al. Effects of Neuromuscular Electrical Stimulation of the Quadriceps and Diaphragm in Critically Ill Patients: 
A Pilot Study. Crit Care Res Pract 2018;2018:4298583.



Respiratory muscle

• Transcutaneous electrical diaphragmatic stimulation (TEDS)
vs Standard weaning protocol 

• Cervical SCI (AIS A, total 10)

• Parameters

• frequency 30Hz, pulse width 1ms, 

• ramp up 0.7ms, intensity 60mA

• Rt./Lt. midaxillary line, 
7th-8th intercostal line

• twice/day, 20min, 7d/week

• manually trigger

→ duration of MV↓, ICU LOS↓ 

43 Duarte GL, et al. Transcutaneous electrical diaphragmatic stimulation reduces the duration of invasive mechanical ventilation in 
patients with cervical spinal cord injury: retrospective case series. Spinal Cord Ser Cases 2021;7:26.

Dualpex 961 Phrenics (Quark®).



• M/22, TBI /c CNS infection, difficult to wean pt.

• midaxillary line, zone of apposition

44

ON

• frequency 30Hz

• pulse duration 300μs

• ramp on 1s, ON time 2s, 
ramp down 1s, OFF time 10s



PNUH
• cervical spinal cord injury

• post-extubation management: weak cough pt.

• long-term MV

45



Dysphagia

• Treatment in ICU

• Swallowing exercise

• Electrical stimulation of swallowing muscle

• Smaller cannula in trachoestomized patients

• Smaller (thinner) gastric feeding tube

• Surface EMG swallowing biofeedback

46

Fiberoptic endoscopic evaluation of 
swallowing (FEES) in ICU



Dysphagia

• NMES of swallowing muscle

• Motor contraction  
- intensity increased until muscle contraction occurs strength 
swallowing related muscle of hyolaryngeal complex 

• Sensory approach
- lowest current level at which the patient feels tingling sense
- sensory stimulation effects on the long-term reorganization to 
trigger swallowing reflex

47 POORJAVAD, Marziyeh, et al. Surface electrical stimulation for treating swallowing disorders after stroke: a review of 
the stimulation intensity levels and the electrode placements. Stroke research and treatment, 2014.



Dysphagia

48

• NMES of swallowing muscle

• Ampcare parameter: manual setting



Dysphagia

• NMES of swallowing muscle

• Electrode placement: submental region
suprahyoid muscle group – ant. diagastric and mylohyoid, geniohyoid m.

49



Dysphagia

• NMES of swallowing muscle 
+ Laryngeal exercises 
(chin to chest(shaker), effortful swallowing)

50



Transcutaneous electrical nerve stimulation (TENS)

Jones I, Johnson MI. Transcutaneous electrical nerve stimulation. Continuing Education in Anaesthesia Critical Care & Pain 2009;9:130-5.

• musculoskeletal and neuropathic pain
• 'gate control' theory of pain 

• produces pain relief by releasing endorphins in the spinal cord

51



TENS

• Multiple rib fractures: better subjective pain relief, improvement in peak 
expiratory flow rates, arterial blood gases

• Post-thoracotomy pain control, increased lung function (FEV1, FVC, PaO2, 
PaO2) 

Karmakar MK, Ho AM. Acute pain management of patients with multiple fractured ribs. J Trauma 2003;54:615-25.
Erdogan M et al. Randomized, Placebo-controlled Study of the Effect of TENS on postthoracotomy pain and pulmonary function. World J Surg 2005;29:1563-70.
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TENS

53

Kourouche S, Buckley T, Munroe B, Curtis K. Development of a blunt chest injury care bundle: An integrative review. Injury 2018;49:1008-23.



TENS

• electrode
: near the incision line 

• ileus were improved in 57% (4/7) 
of studies

54 Penfold JA, Wells CI, Du P, Bissett IP, O'Grady G. Electrical Stimulation and Recovery of Gastrointestinal Function Following Surgery: A 
Systematic Review. Neuromodulation 2019;22:669-79.



관련 수가

• ICU-AW(CIP, CIPNM), peroneal neuropathy (foot drop) 등과 같은 말초신경손상

• 중추신경계 손상 환자 + 삼킴검사에서 흡인소견 (PAS 8)

55



Summary

• NMES는 부작용 없이 안전하고 쉽게, 
ICU 입실 초기 적용 가능. 

• 입원 초기 NMES를 적용, 환자의 상태
에 따라서 운동치료 추가.

• strength (limb and respiration),
dysphagia 

• TENS

• 치료에 대한 근거 및 표준화된 프로토
콜에 대해선 연구 필요.
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