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RESEARCHARTICLE 
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TOCOLS ON MUSCLE MASS IN INTENSIVE CARE UNIT PATIENTS, A PILOT STUDY 
 

Christos Georgopoulos1*, Aikaterini Katsogianni1*, Eirini Patsaki1,2, Georgios Sidiras1, Ioannis Vasileiadis1, Eleni Magira1, Ser-

afeim Nanas1, Eleftherios Karatzanos1 

1. 1st Critical Care Department, Evangelismos General Hospital, School of Medicine, National & Kapodistrian University of Athens, 

Greece 

2. Physiotherapy Department, University of West Attica, Greece  

 

Abstract 

Aim: The aim of the present study was to investigate whether a high-frequency (HF) neuromuscular electrical stimulation (NMES) pro-

tocol could result in a smaller loss of muscle mass than a moderate-frequency (MF) protocol in ICU patients.  

Methods and materials: In this randomized pilot control trial, patients of the two intervention groups followed daily NMES sessions 

from the day of ICU admission until the tenth day. All study groups received physiotherapy in terms of usual care. Muscle layer thick-

ness was assessed with ultrasound in the vastusintermedius (VI) and rectus femoris (RF) muscle to evaluate changes in muscle mass. 

Results: Totally 58 patients were allocated into three groups and 29 were finally analyzed (control: 10, MF: 12, HF: 7). Significant differ-

ences (p=0.05) between control and pooled NMES groups were observed for the right RF and VI. Significant differences in favor of HF 

vs MF group were observed for the left RF (3.6±15.3 vs 7.2±7.9% respectively, p=0.04). No differences were found regarding the num-

ber of sessions and presence of oedema (p>0.05), while strength of contraction during sessions tended to be somewhat higher in the 

HF (p=0.09). 

Conclusion: HF may be more effective than MF to prevent muscle mass loss in ICU patients. More studies are needed to determine the 

optimal NMES characteristics.  
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INTRODUCTION 

A common complication in patients admitted in the Intensive 

Care Unit (ICU) is muscle wasting and weakness, observed from 

the very first days of hospitalization (1, 2). ICU acquired weak-

ness (ICUAW), a type of skeletal muscle dysfunction related to 

overwhelming muscle wasting and weakness, is associated with 

delayed withdrawal from mechanicalventilation (MV), pro-

longed hospitalization, and poor prognosis (3, 4). Early mobili-

zation has been increasingly applied to prevent ICUAW, short-

en duration of ventilation and hospital stay, improve long-term 

patients’ functionality, quality of life, and prognosis (5). Neu-

romuscular electrical stimulation (NMES), the percutaneous 

application of electric current that inducesskeletal muscle con-

tractions, has been suggested as a means of early mobilization, 

in unstable, uncooperating, or sedated patients to be applied 

from the first day of ICU admittance.  

In ICU patients, NMES has been proposed as a potentially 

effective means of preventing or reducing muscle weakness 

and atrophy (6-9). NMES has been shown to reduce the inci-

dence of ICUAW and the duration of MV (10) as it has the 

potential toinduceacute systemic benefits on the microcircula-

tion and endothelial function (11-13). NMES benefits have 

been additionally demonstrated in other sub-categories of 

critical illness, namely Chronic Obstructive Pulmonary Disease 

(COPD) (14,15) and Chronic Heart Failure (CHF) (16,17). In these 

studies, NMES frequency (the number of electrical pulses pro-

vided per second) ranged from 10 to 100 Hz. In general, when 

frequency is increased, higher tetanic force output and peak 

torque is expected, which consequently may influence NMES-

evoked stimulus on muscle mass (18,19). To date, and to the 

best of knowledge, there is not any data on the effects of dif-

ferent-frequency NMES regimes on muscle mass inICU pa-

tients.  

It was hypothesized that a high-frequency NMES protocol 

would better affect muscle mass preservation than a medium-

frequency regime. The primary purpose of this study was to 

provide preliminary data on the effect of two different NMES 

regimes, mainly including characteristic of frequency, on mus-

cle mass maintenance in ICU patients.  

 

 

MATERIALS AND METHODS 

Study design, patients, and randomization  

This was a randomized, pilotcontrol study and the protocol was 

approved by the Ethics Committee of the Hospital participated. 

Written informed consent was obtained from all patients’ next 

of kin.  

All patients admitted to the multidisciplinary ICU during the 

study period that were under mechanical ventilation were 

considered for inclusion in the study. The first assessment of 

the patients’ muscle mass was done on the day of randomiza-

tion (second day in the ICU) and the second assessment was 

done ten days later.  Exclusion criteria were as follows: age 

under 18 years, obesity (body mass index> 35 kg/m2), ICU stay 

>7 days (patient not on mechanical ventilation) before enroll-

ment, patient on mechanical ventilation > 48 hours (at the 

ward) before ICU admission, pregnancy, preexisting neuromus-

cular disease or muscle weakness (e.g inability of moving from 

bed to seat), limitations not allowing NMES implementation 

(e.g lower extremities cancer, pelvis or legs fracture, cutaneous 

wounds at site of electrodes implementation), moribund >90% 

(in-hospital mortality according to doctor’s judgment), refusal 

of patient’s closest relative or treating doctor, a pacemaker or 

defibrillator, pre-existing mental or psychological disease. 

 Patients satisfying inclusion/exclusion criteria at admission, 

were randomized after stratification to either one of two NMES 

intervention groups or the control group (CON). All patients 

received physiotherapy in terms of usual care. The NMES 

groups were a high- (HF) and a medium-frequency (MF) one. 

Stratification was made upon age (≤ or >50 years of age, me-

dian value of patients' age, as observed in previous studies of 

our group (10) and severity according to Sequential Organ 

Failure Assessment (SOFA) score (< or ≥ 8) (20). For each study 

site separately, block randomization (within blocks of 6, gener-

ated before the onset of the study) was performed by a blind-

ed investigator, notinvolved in NMES application, outcome 

assessment and patient follow up. 

 

Intervention 

Patients of the NMES groups undertook daily NMES sessions of 
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both lower extremities (quadriceps femoris muscles, anterior 

tibialis muscles), from the 2nd day of ICU admission to 10 days 

after. Current characteristics of the HF and MF groups respec-

tively were 75 Hz, 400μsec, 5 sec on – 21 sec off, 1.6 sec ramp 

up – 0.8 secramp down and 45 Hz, 400 μsec, 12 sec on – 6 sec 

off, 0.8 sec ramp up – 0.8 sec ramp down based on previous 

data (6,10,21). NMES sessions were delivered in addition to 

usual care.  

NMES patients received daily sessions (7 days/week) lasting for 

55 min. each and including a 5 min warm-up and another 5 

min cool-down (10 Hz, 400 μsec). NMES implemented with 9x5 

cm self-adhesive electrodes that were placed on motor points 

of the quadriceps and tibialis muscles. Before placing the elec-

trodes, the skin area was properly prepared (shaved, if neces-

sary, and cleaned). During the NMES sessions, the angle at the 

knee joint was approximately 30°-40° (0° corresponds to full 

extension of the knee). The portable, battery-powered stimula-

tor unit (Rehab 4 Pro, Cefar Medical AB, Malmö, Sweden) deliv-

ered impulses at intensities able to cause visible contractions 

and be tolerated by the patients. In case of doubt, contraction 

was confirmed by palpation of the muscle involved. Current 

intensity, optimally aiming at full muscle contraction, was con-

tinuously increased during the sessions tocounteract the con-

traction induced reduction in response to the currentdue to 

muscle fatigue. In non-sedated patients, intensity was initially 

set to the maximum tolerated level and was increased by 10 % 

(or less in case of discomfort) every 15 mintillthe end of the 

session. In sedated patients, starting intensity was set at 80% of 

that resulting in maximal response and increased by 10% every 

15 min up to 100%. During the sessions, qualitative scores 

were employed to rate the contractions quality (0: no contrac-

tion, 1: palpable contraction, 2: visible contraction, 3: slight 

knee extension, 4: full knee extension) and the presence of 

edema (0: no edema, 1: barely detectable impression when 

finger is pressed into skin, 2: indentation ≤ 15 sec to rebound, 

3: indentation ≤ 30 sec to rebound, 4: indentation> 30 sec to 

rebound) (21). 

Control patients received only usual care and in terms of phys-

iotherapy. Usual Care physiotherapy included exercises for the 

upper and lower limbs (from passive tostrength exercises 

against light resistance), transfer to seated position at the edge 

of the bed and from bed to chair, as well as respiratory physio-

therapy.  

 

Assessment of muscle mass 

Muscle masswas evaluated as the muscle layer thickness of the 

rectus femoris (RF) and vastusintermedius (VI) and was as-

sessed with ultrasonography (picture 1). These muscle groups 

were selected since they are easily accessible and correlate well 

with the lean muscle mass (23). Images were taken the day of 

randomization (2nd admission day) and 10 days after, specifical-

ly the measurement was made four hours after the application 

of NMES.  Measurements were performed while patients were 

in the supine position with legs relaxed in full extension.  The 

probe was placed midway between the anterior superior iliac 

spine and the midpoint of the patella, vertically to the trans-

verse plane and perpendicular to bone surface. The exact loca-

tion of the first measurements was marked by a permanent 

marker to ensure repeatability at follow-up. All the ultrasound 

examinations were performed on GE Vivid 7 Model ultrasound 

scanner, using a 7.5 MHz transducer with a 5 cm linear array 

footprint. Operators were blinded to the randomization and 

not involved in the data analysis. Evaluation of images was also 

made by a blinded researcher. 

 

Statistical analysis 

The Shapiro–Wilk test was used to test distribution normality. 

Paired samples t-test or Wilcoxon signed-rank test (in case of 

not normal distribution) was employed to assess within-group 

differences. T-test for independent samples or Mann-Whitney 

signed-rank test, as appropriate, evaluated between-group 

differences. Categorical variables were compared with the chi-

square test.  Differences between groups over time were as-

sessed with factorial analysis of variance (ANOVA) 2 × 2 (time 

× group). Statistical significance was set as p≤0.05. Continuous 

variables are reported as mean ± standard deviation (SD). 

Statistical analyses were performed with IBM SPSS 25 software. 

 

RESULTS 

A total of 751 patients met the study entry criteria and 693 
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were excluded. Fifty-eight patients were randomized, 18 in the 

CON, 20 in the HF and 20 in the MF group. Finally, 10 patients 

in the CON, 7 patients in the HF and 12 patients in the MF 

group, were evaluated on both baseline and follow-up meas-

urements and included in the analysis (Figure 2). Baseline char-

acteristics of the patients finally evaluated are presented in 

Table 1 and 2. The study was conducted between 2014 and 

2016. 

No difference (p>0.05) between control and pooled NMES 

groupswas observed for the demographic and clinical variables 

assessed at ICU admission (Table 1). No difference (p>0.05) 

between MF and HF groupswas observed for age, gender, and 

SOFA score. APACHE II score tended to differ(p=0.07), and 

there was a significant difference in terms of SAPS III score 

(p=0.04) at baseline.  

In relation to the control vs pooled NMES group comparison 

(table 3), the muscle layer thickness was decreased in all the 

muscle groups evaluated (p<0.05). Significant between-group 

differences were observed for the right lower extremity 

(p=0.05, figure 3), but not for the left one (p>0.05).   

In concern to the MF- vs HF-group comparisons (table 4), the 

muscle layer thickness of all the muscle groups evaluated di-

minished (p<0.05) or tended to diminish (p=0.07) in the MF, 

which was not the case in the HF (p>0.05). Significant differ-

ences between groups were observed for the left RF (p=0.04), 

but not for the rest of the muscle groups (right RF: p=0.30, 

right VI: p=0.48, left VI: p=0.99) (figures 4 and 5).  

Not any significant difference was found for control vs NMES 

or MF vs HF comparisons at all the muscle groups evaluated at 

baseline (p>0.05). Finally, not any differences between the MF 

and HF groups were also observed (table 5) for NMES sessions 

completed, and presence of edema (p>0.05). Strength of con-

traction during these sessions tended to be somewhat higher 

in the HF (p=0.09). 

In terms of safety, not any adverse effects related to the NMES 

application were observed (i.e., skin irritation or burn, haemo-

dynamic instability). 

 

DISCUSSION 

The main finding of this study was that a HF protocol may be 

more effective than a MF protocol to preserve muscle mass in 

critically ill patients. To the best of knowledge, this is the first 

randomized controlled study to compare effects of medium- vs 

high-frequency NMES on muscle mass in these patients. 

 NMES has been an alternative means of training in patient 

populations not able to be involved in conventional exercise 

rehabilitation. In previous years, there have been various stud-

ies in critically ill populations, namely CHF (17,24,25), COPD 

(26-28) and ICU (7-10,29) patients, suggesting beneficial effects 

of NMES on quality of life, aerobic capacity, muscle mass 

preservation and cachexia. Different protocols have been uti-

lized, with frequencies varying from 10 Hz to 100 Hz, covering 

the low- to high-frequency spectrum. Still, there has been 

limited data comparing effects of different frequencies. Chaplin 

et al compared changes in muscle strength after two different 

medium-frequency NMES (50 and 35 Hz) in individuals admit-

ted to hospital with an acute COPD exacerbation and they did 

not observe any significant difference between the two groups 

(30).  Sillen et al (31) showed similar effects of low- (15 Hz) vs 

high-frequency (75 Hz) on oxygen uptake, ventilation, and 

symptom perception during a single NMES session on quadri-

ceps of COPD patients. In an intervention study with COPD 

patients to compare the efficacy of high- (75 Hz) and low-

frequency (15 Hz) NMES on quadriceps muscle weakness, Sillen 

et al observed higher increase in muscle strength and endur-

ance after the high-frequency regime (32). However, the com-

parison of the results from the above studies is not possible 

since the protocols differed in terms of the characteristics used, 

such as frequency. 

Higher frequencies are expected to generate higher peak 

torque than lower frequencies, because of enhanced twitch 

summation during muscle contraction (19,33). As a result, HF 

NMES may result in improved local muscle adaptations in ICU 

patients, such as less muscle masslossandstrength improve-

ment. In a study with healthy participants, HF NMES (60 Hz) 

acutely induced a higher rise in molecular indices of muscle 

hypertrophy in comparison to LF NMES (20 Hz) regime (19). 

Benefits related to prevention of muscle wasting have been 

observed with MF and HF NMES (6,11). Interestingly in this 

study, HF tended to induce higher strength of contraction than 
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MF, an observation confounded by the lower APACHE II and 

SAPS severity/morbidity scores in the HF group at admission. 

The observation that RFthickness was mostly affected, could be 

explained by thepotentiallydifferent degree of activation of the 

RF and VI muscle groups during NMES exercise (34).  

Our group has also employed the protocols used in this study 

to explore the NMES acute effects in the ICU setting. A single 

session on both lower extremities, with either MF or HF NMES, 

acutely mobilized endothelial progenitor, an index of the endo-

thelium restoration potential, and beneficially affected local 

and systemic muscle microcirculation (12,13). Both protocols 

were found similarly effective. 

Technically speaking, a couple of additional points can also be 

highlighted. Beyond frequency, duty cycle was also considered 

to control for level of fatigue; this was 67% and 12% for MF 

and HF, respectively. Also, for the reason of preventing fatigue 

and maintaining strength of contraction, intensity was increas-

ingly adapted throughout the sessions (by 20%), in both sedat-

ed and cooperating patients.   

Taken both frequency protocols together, NMES was able to 

induce better results on muscle mass preservation than con-

trols, without completely alleviating muscle wasting. This find-

ing is in line with some previous studies, but not with others. 

Gerovasili et al (7) observed NMES to relate with a lower de-

gree of muscle mass loss, as assessed with ultrasonography 

measurements of the cross-sectional diameter of the rectus 

femoris and vastusintermedius. In another study, that of Dirks 

et al (34), NMES resulted in not any changes on type 1 and 2 

muscle fiber cross-sectional area as well as enhanced phos-

phorylation of key proteins participating in the regulation of 

muscle protein synthesis, as evaluated with muscle biopsies. In 

any case, alleviation of muscle wasting has been associated 

toICUAW prevention. NMES, acting as an anabolic stimulus to 

the muscle, has the potential to reverse the catabolic effects of 

critical illness and immobilization (35,36). Muscle mass is also 

connected, up to an appreciable extent, to muscle strength, 

which has been also demonstrated to improve with NMES 

intervention (33,38). The rate of muscle mass loss reported in 

this study may be considered comparable to rates previously 

observed (6-13% to 12.5%) in another study of our group (7). 

Lower rates, within 4%, have also been observed (38).  

From a clinical perspective, muscle weakness is a common 

complication of ICU hospitalization, associated with increased 

rate of muscle mass loss starting at the first days after admis-

sion, and entailing serious implications in weaning, length of 

stay in the ICU/hospital, and incidence of the post intensive 

care syndrome. NMES has been an important means of early 

mobilization with advantages including cost-benefit effective-

ness, ability to apply in the first 1-2 days from admission, and 

ability to apply in sedated, non-cooperative or physiologically 

unstable patients. Therefore, defining the current characteris-

tics to optimize benefits sounds clinically relevant and interest-

ing.  

Some limitations need to be addressed. A limitation was the 

sample size, and the results were underpowered to reach defi-

nite conclusions. In fact, this was a pilot study to serve as a 

basis for further exploration. Another limitation comes from 

the fact that patients randomized to the MF group presented 

with higher severity/morbidity scores (i.e APACHE II and SAPS 

III), suggesting more severe clinical condition, than those in the 

HF group. This issue is likely an indirect effect of the small 

sample size, since the SOFA score at admission was a criterion 

of the stratified randomization. In addition, there was not any 

difference in SOFA score at admission between MF- and HF-

group. Finally, there was an increased number of drop-out 

patients.  

Future studies are warranted to further explore the optimal 

NMES frequency and characteristics to mostly benefit muscle 

mass, strength and related variables and outcomes, in ICU 

populations. 

 

CONCLUSIONS 

In conclusion, a high-frequency protocol was observed to bet-

ter preserve muscle mass of ICU patients than a medium-

frequency protocol during the first 10 days of hospitalization. 

Further studies are necessary to define the optimal NMES fre-

quency level in this population. 

 

Acknowledgments 

The authors acknowledge the contribution of DrsParaskevi-



 (2023), Volume 9, Issue 4 

 

 

Georgopoulos et al. 224                                                    https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

Plantza and Maria Charitidi for their support and assistance.  

 

Authors contribution 

CG: formal analysis, investigation, writing – original draft; EKat: 

formal analysis, investigation, writing – original draft; EP: meth-

odology, investigation, data curation, writing – review and 

editing; GS: investigation, data curation, writing – review and 

editing; IV: writing – review and editing, supervision; EM: meth-

odology, writing – review and editing, supervision; SN: concep-

tualization, methodology, writing – review and editing, project 

administration; EK: methodology, formal analysis, writing – 

review and editing, visualization, project administration.  

 

Funding 

This study was partially supported by the Special Account for 

Research Grants (no 10279), National and Kapodistrian Univer-

sity of Athens. 

 

Conflicting Interest 

The authors declare that they have no conflicts of interest.  

 

REFERENCES 

1. Stevens RD, Marshall SA, Cornblath DR, Hoke A, Needham 

DM, de Jonghe B. A framework for diagnosing and classi-

fying intensive care unit-acquired weakness. Crit Care 

Med. 2009;37:S299-308. doi: 

10.1097/CCM.0b013e3181b6ef67. 

2. Puthucheary ZA, Rawal J, McPhail M, Connolly B, 

Ratnayake G, Chan P. Acute skeletal muscle wasting in crit-

ical illness. JAMA. 2013;310:1591-600. doi: 

10.1001/jama.2013.278481. 

3. De Jonghe B, Bastuji-Garin S, Durand MC, Malissin I, Ro-

drigues P et al. Respiratory weakness is associated with 

limb weakness and delayed weaning in critical illness. Crit 

Care Med. 2007;359:2007-15. 

doi:10.1097/01.ccm.0000281450.01881.d8.  

4. Nanas S, Kritikos K, Angelopoulos E, Siafaka A, Tsikriki S, 

Poriazi M et al. Predisposing factors for critical illness pol-

yneuromyopathy in a multidisciplinary intensive care unit. 

ActaNeurol Scand. 2008;118(3):175-81.doi:10.1111/j.1600-

0404.2008.00996. 

5. Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Paw-

lik AJ, Esbrook CL et al. Early physical and occupational 

therapy in mechanically ventilated, critically ill patients: a 

randomised controlled trial. Lancet. 2009;373:1874-82. 

doi:10.1016/S0140-6736(09)60658-9. 

6. Rodriguez PO, Setten M, Maskin LP, Bonelli I, Vidomlansky 

SR, Attie S. Muscle weakness in septic patients requiring 

mechanical ventilation: protective effect of transcutaneous 

neuromuscular electrical stimulation. J Crit Care. 

2012;273:319.e1-8.doi:10.1016/j.jcrc.2011.04.010.  

7. Gerovasili V, Stefanidis K, Vitzilaios K, Karatzanos E, Politis 

P, Koroneos A et al. Electrical muscle stimulation preserves 

the muscle mass of critically ill patients: a randomized 

study. Crit Care. 2009;135:R161.doi: 10.1186/cc8123.  

8. Maffiuletti NA, Roig M, Karatzanos E, Nanas S. Neuromus-

cular electrical stimulation for preventing skeletal-muscle 

weakness and wasting in critically ill patients: a systematic 

review. BMC Med. 2013 23;11:137. doi: 10.1186/1741-

7015-11-137. 

9. Hirose T, Shiozaki T, Shimizu K, Mouri T, Noguchi K, Ohni-

shi M et al. The effect of electrical muscle stimulation on 

the prevention of disuse muscle atrophy in patients with 

consciousness disturbance in the intensive care unit. J Crit 

Care. 2013;284:536.e1-7. doi:10.1016/j.jcrc.2013.02.010. 

10. Routsi C, Gerovasili V, Vasileiadis I, Karatzanos E, Pitsolis T, 

Tripodaki E et al. Electrical muscle stimulation prevents 

critical illness polyneuromyopathy: a randomized parallel 

intervention trial. Crit Care. 2010;142:R74. doi: 

10.1186/cc8987.  

11. Gerovasili V, Tripodaki E, Karatzanos E, Pitsolis T, Markaki 

V, Zervakis D et al. Short-term systemic effect of electrical 

muscle stimulation in critically ill patients. Chest. 

2009;136(5):1249-1256. doi: 10.1378/chest.08-2888. 

12. Stefanou C, Karatzanos E, Mitsiou G, Psarra K, Angelopou-

los E, Dimopoulos S et al. Neuromuscular electrical stimu-

lation acutely mobilizes endothelial progenitor cells in crit-

ically ill patients with sepsis. Ann Intensive Care. 2016;11. 

doi: 10.1186/s13613-016-0123-y. 



 (2023), Volume 9, Issue 4 

 

 

Georgopoulos et al. 225                                                    https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

13. Angelopoulos E, Karatzanos E, Dimopoulos S, Mitsiou G, 

Stefanou C, Patsaki I et al. Acute microcirculatory effects of 

medium frequency versus high frequency neuromuscular 

electrical stimulation in critically ill patients - a pilot study. 

Ann Intensive Care. 2013;193(1):39. doi:10.1186/2110-

5820-3-39.  

14. Vivodtzev I, Pépin JL, Vottero G, Mayer V, Porsin B, Lévy P 

et al. Improvement in quadriceps strength and dyspnea in 

daily tasks after 1 month of electrical stimulation in severe-

ly deconditioned and malnourished COPD. Chest. 

2006;129(6):1540-8. doi:10.1378/chest.129.6.1540. 

15. Vivodtzev I, Debigaré R, Gagnon P, Mainguy V, Saey D, 

Dubé A et al. Functional and muscular effects of neuro-

muscular electrical stimulation in patients with severe 

COPD: a randomized clinical trial. Chest. 2012;141(3):716-

725. doi:10.1378/chest.11-0839.  

16. Quittan M, Wiesinger GF, Sturm B, Puig S, Mayr W, Sochor 

A et al. Improvement of thigh muscles by neuromuscular 

electrical stimulation in patients with refractory heart fail-

ure: a single-blind, randomized, controlled trial. Am J Phys 

Med Rehabil. 2001;80(3):206-14. doi:10.1097/00002060-

200103000-00011. 

17. Quittan M, Sochor A, Wiesinger GF, Kollmitzer J, Sturm B, 

Pacher R et al. Strength improvement of knee extensor 

muscles in patients with chronic heart failure by neuro-

muscular electrical stimulation. Artif Organs. 

1999;23(5):432-5. doi:10.1046/j.1525-1594.1999.06372.x. 

18. Mettler JA, Magee DM, Doucet BM. High-Frequency Neu-

romuscular Electrical Stimulation Increases Anabolic Sig-

naling. Med Sci Sports Exerc. 2018;50(8):1540-1548. 

doi:10.1249/MSS.0000000000001610. 

19. Gorgey AS, Mahoney E, Kendall T, Dudley GA. Effects of 

neuromuscular electrical stimulation parameters on specif-

ic tension. Eur J Appl Physiol. 2006;97(6):737-44. doi: 

10.1007/s00421-006-0232-7. 

20. Kashyap R, Sherani KM, Dutt T, Gnanapandithan K, Sagar 

M, Vallabhajosyula S et al. Current Utility of Sequential Or-

gan Failure Assessment Score: A Literature Review and Fu-

ture Directions. Open Respir Med J. 2021;13;15:1-6. 

doi:10.2174/1874306402115010001.  

21. Gondin J, Brocca L, Bellinzona E, D'Antona G, Maffiuletti 

NA, Miotti D et al. Neuromuscular electrical stimulation 

training induces atypical adaptations of the human skeletal 

muscle phenotype: a functional and proteomic analysis. J 

ApplPhysiol (1985). 2011;110(2):433-50. doi: 

10.1152/japplphysiol.00914.2010.  

22. Segers J, Hermans G, Bruyninckx F, Meyfroidt G, Langer D, 

Gosselink R. Feasibility of neuromuscular electrical stimula-

tion in critically ill patients. J Crit Care. 2014;29(6):1082-8. 

doi:10.1016/j.jcrc.2014.06.024.  

23. Campbell IT, Watt T, Withers D, England R, Sukumar S, 

Keegan MA et al. Muscle thickness, measured with ultra-

sound, may be an indicator of lean tissue wasting in multi-

ple organ failure in the presence of edema. Am J ClinNutr. 

1995;62(3):533-9. doi:10.1093/ajcn/62.3.533.  

24. Nuhr MJ, Pette D, Berger R, Quittan M, Crevenna R, 

Huelsman M et al. Beneficial effects of chronic low-

frequency stimulation of thigh muscles in patients with 

advanced chronic heart failure. Eur Heart J. 2004;25(2):136-

43. doi:10.1016/j.ehj.2003.09.027. 

25. Maillefert JF, Eicher JC, Walker P, Dulieu V, Rouhier-Marcer 

I, Branly F et al. Effects of low-frequency electrical stimula-

tion of quadriceps and calf muscles in patients with chron-

ic heart failure. J CardiopulmRehabil. 1998;18(4):277-82. 

doi:10.1097/00008483-199807000-00004.  

26. Vivodtzev I, Pépin JL, Vottero G, Mayer V, Porsin B, Lévy P 

et al. Improvement in quadriceps strength and dyspnea in 

daily tasks after 1 month of electrical stimulation in severe-

ly deconditioned and malnourished COPD. Chest. 

2006;129(6):1540-8. doi:10.1378/chest.129.6.1540. 

27. Bourjeily-Habr G, Rochester CL, Palermo F, Snyder P, 

Mohsenin V. Randomised controlled trial of transcutane-

ous electrical muscle stimulation of the lower extremities 

in patients with chronic obstructive pulmonary disease. 

Thorax. 2002;57(12):1045-9. doi:10.1136/thorax.57.12.1045. 

28. Neder JA, Sword D, Ward SA, Mackay E, Cochrane LM, 

Clark CJ. Home based neuromuscular electrical stimulation 

as a new rehabilitative strategy for severely disabled pa-

tients with chronic obstructive pulmonary disease (COPD). 

Thorax. 2002;57(4):333-7. doi:10.1136/thorax.57.4.333. 



 (2023), Volume 9, Issue 4 

 

 

Georgopoulos et al. 226                                                    https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

29. Silva PE, de Cassia MarquetiR,Livino-de-

CarvalhoK,SouzaVC,DantasLO,Cipriano G et al. Neuromus-

cular electrical stimulation in critically ill traumatic brain in-

jury patients attenuates muscle atrophy,neurophysiological 

disorders, and weakness: a randomized controlled trial. J 

Intensive Care.2019;12;7:59. doi:10.1186/s40560-019-

0417-x. 

30. Chaplin EJ, Houchen L, Greening NJ, Harvey-Dunstan T, 

Morgan MD, Steiner MC et al. Neuromuscular stimulation 

of quadriceps in patients hospitalised during an exacerba-

tion of COPD: a comparison of low (35 Hz) and high (50 

Hz) frequencies. Physiother Res Int. 2013;18(3):148-56. doi: 

10.1002/pri.1541.  

31. Sillen MJ, Wouters EF, Franssen FM, Meijer K, Stakenborg 

KH, Spruit MA. Oxygen uptake, ventilation, and symptoms 

during low-frequency versus high-frequency NMES in 

COPD: a pilot study. Lung. 2011;189(1):21-6. doi: 

10.1007/s00408-010-9265-0.  

32. Sillen MJ, Franssen FM, Delbressine JM, Vaes AW, Wouters 

EF, Spruit MA. Efficacy of lower-limb muscle training mo-

dalities in severely dyspnoeicindividuals with COPD and 

quadriceps muscle weakness: results from the DICES trial. 

Thorax. 2014;69(6):525-31. doi: 10.1136/thoraxjnl-2013-

204388.  

33. Sbruzzi G, Schaan BD, Pimentel GL, Signori LU, Da Silva 

AN, Oshiro MS et al. Effects of low frequency functional 

electrical stimulation with 15 and 50 Hz on muscle 

strength in heart failure patients. DisabilRehabil. 

2011;33(6):486-93. doi:10.3109/09638288.2010.498551. 

34. Falavigna LF, Silva MG, Freitas AL, Silva PF, PaivaJúnior MD, 

de Castro CM et al. Effects of electrical muscle stimulation 

early in the quadriceps and tibialis anterior muscle of criti-

cally ill patients. Physiother Theory Pract. 2014;30(4):223-8. 

doi:10.3109/09593985.2013.869773. 

35. Dirks ML, Hansen D, Van Assche A, Dendale P, Van Loon 

LJ. Neuromuscular electrical stimulation prevents muscle 

wasting in critically ill comatose patients. ClinSci (Lond). 

2015;128(6):357-65. doi: 10.1042/CS20140447. 

36. Strasser EM, Stättner S, Karner J, Klimpfinger M, Freynhofer 

M, Zaller V. Neuromuscular electrical stimulation reduces 

skeletal muscle protein degradation and stimulates insu-

lin-like growth factors in an age- and current-dependent 

manner: a randomized, controlled clinical trial in major ab-

dominal surgical patients. Ann Surg. 2009;249(5):738-43. 

doi: 10.1097/SLA.0b013e3181a38e71. 

37. Weber-Carstens S, Schneider J, Wollersheim T, Assmann A, 

Bierbrauer J, Marg A et al. Critical illness myopathy and 

GLUT4: significance of insulin and muscle contraction. Am 

J RespirCrit Care Med. 2013;15;187(4):387-96. 

doi:10.1164/rccm.201209-1649OC. 

38. Fischer A, Spiegl M, Altmann K, Winkler A, Salamon A, 

Themessl-Huber M et al. Muscle mass, strength, and func-

tional outcomes in critically ill patients after cardiothoracic 

surgery: does neuromuscular electrical stimulation help? 

The Catastim 2 randomized controlled trial. Crit Care. 

2016;29;20:30. doi:10.1186/s13054-016-1199-3. 

 

 

 

 

  



 (2023), Volume 9, Issue 4 

 

 

Georgopoulos et al. 227                                                    https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

 

ANNEX 

Figure 1. Ultrasound image of rectus femoris (RF) and vastus intermedius (VI) to assess muscle layer thickness. 
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Table 1. Demographic and clinical characteristics of patients at ICU admission. 

 

 

 

 

SOFA: Sequential Organ Failure Assessment; APACHE II: Acute Physiology and Chronic Health Evaluation; SAPS III: Simpli-

fied Acute Physiology Score; NMES: neuromuscular electrical stimulation; MF: medium-frequency; HF: high-frequency  

  

  Control group NMES group p  MF group HF group p 

n  10 19   12  7  

age (years)  45±25 55± 16 0.27  55±15 55±13 0.91 

gender (male/female)  7 / 3 13 / 6 0.99  7 / 5 6 / 1 0.33 

height (m)  1.71 ± 0.12 1.71 ± 0.11 0.95  1.71 ± 0.13 1.69 ± 0.5 0.64 

body mass (kg)  73 ± 11 75 ± 12 0.58  76 ± 13 74 ± 10 0.83 

body mass index (kg/m2)  24.9 ± 2.2 25.7 ± 2.5 0.39  25.6 ± 2.5 25.8 ± 2.7 0.85 

SOFA  6 ± 3 7 ± 3 0.56  7 ± 3 6 ± 3 0.23 

APACHE II  13 ± 8 13 ± 6 0.92  15 ± 6 10 ± 6 0.07 

SAPS  46±15 54±15 0.18  60 ±12 46±15 0.04 
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Table 2. Post-surgery status, diagnostic category and comorbidities of the patients finally included in the analysis at ICU admission. 

 

 
post-surgery pa-

tient 
diagnostic category comorbidities ^ 

Control    
1 yes neurological none 
2 yes neurological none 

3 yes gastrointestinal 
respiratory, cardiovascular, 

gastrointestinal, 
hematological 

4 yes gastrointestinal none 
5 yes gastrointestinal none 
6 yes trauma none 
7 no neurological other 
8 yes trauma none 
9 no cardiovascular cardiovascular 

10 no sepsis 
None 

 
MF group    

1 yes sepsis respiratory, cardiovascular 
2 yes trauma respiratory, diabetes 
3 no respiratory none 
4 yes neurological other 
5 no neurological gastrointestinal, hepatic  
6 yes trauma none 
7 no neurological other 
8 no respiratory cardiovascular 

9 yes sepsis cardiovascular 

10 yes gastrointestinal cardiovascular, other 

11 yes trauma none 

12 no trauma none 

    HF group    
1 no sepsis other 
2 no respiratory cardiovascular, diabetes  
3 yes trauma none 
4 yes neurological respiratory  

5 no respiratory cardiovascular, diabetes 

6 yes trauma other 

7 yes neurological respiratory 

 

MF: medium frequency; HF: high frequency; F: female; M: male; SOFA: Sequential Organ Failure Assessment; APACHE: 

Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score 

^ 9 categories of comorbidities were considered: respiratory disease, cardiovascular disease, diabetes mellitus, gastroin-

testinal disease, haematological disease, haepatic disease, renal disease, other, none 
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Table 3. Muscle layer thickness of control and pooled NMES groups. 

 

RF: rectus femoris; VI: vastusintermedius; NMES: neuromuscular electrical stimulation 

a within-group difference;  b between-group difference 

  Control group  Pooled NMES groups   

  ICU admission post change (%) p a  ICU admission post change (%) pa  Pb 

RF right (cm)  1.54± 0.54 1.33± 0.48 -13.3±9.3 0.01  1.46± 0.41 1.37 ± 0.39 -5.9± 11.0 0.01  0.05 

VI right (cm)  1.05± 0.40 0.75± 0.25 -25.3±15.3 0.01  0.85± 0.21 0.73± 0.21 -6.6 ± 27.3 0.02  0.05 

RF left (cm)  1.50± 0.51 1.35± 0.50 -10.3± 11.0 0.02  1.36 ± 0.37 1.29± 0.35 -4.7±12.4 0.05  0.31 

VI left (cm)  1.24± 0.66 1.02± 0.53 -17.7± 12.6 0.06  0.90± 0.31 0.80± 0.30 -11.0± 14.4 0.01  0.16 



 (2023), Volume 9, Issue 4 

 

 

Georgopoulos et al. 231                                                    https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

Table 4. Muscle layer thickness of medium- and high-frequency groups. 

 

 

RF: rectus femoris; VI: vastusintermedius; a within-group difference;  b between-group difference  

 

 

 

 

 

 

 

 

 

 

  

  Medium-frequency group  High-frequency group   

  ICU admission post change (%) pa  
ICU 

admission 
post change (%) pa  Pb 

RF right (cm)  1.49 ± 0.44 1.38 ± 0.39 -7.2 ± 7.9 0.01  1.41 ± 0.38 1.37 ± 0.43 -3.6 ± 15.4 0.83  0.30 

VI right (cm)  0.83 ± 0.19 0.68 ± 0.17 -17.0 ± 16.6 0.02  0.88 ± 0.25 0.80 ± 0.26 -6.6 ± 27.3 0.44  0.48 

RF left (cm)  1.36 ± 0.31 1.20 ± 0.40 -22.8 ± 12.9 0.06  1.36 ± 0.31 1.38 ± 0.31 1.5 ± 8.8 0.67  0.04 

VI left (cm)  0.99 ± 0.28 0.88 ± 0.32 -11.5 ± 10.2 0.07  0.83 ± 0.34 0.72 ± 0.28 -10.4 ± 18.1 0.13  0.99 
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Table 5. Strength of contraction, edema, current intensity applied, and sessions performed within 10 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Medium-frequency High- frequency   p 

strength of contraction   2.3 ± 0.7 2.9 ± 0.7 0.09 

edema  0.2 ± 0.4 0 ± 0 0.38 

current intensity – start (mA)   29 ± 20 30 ± 23 0.54 

current intensity – end (mA)  36 ± 24 36 ± 24 0.54 

sessions (number)  7.6 ± 1.8 8.3 ± 1.1 0.48 

sessions (%)  89.2 ± 19.2 95.2 ± 20.2 0.16 
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Figure 2. Flow diagram of the study 
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Figure 3. Muscle layer thickness pre- and post-intervention values of the right (a) rectus femoris and (b) vastusintermedius for control 

and pooled NMES group. 

*within-group difference (p<0.05) 
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Figure 4. Muscle layer thickness at ICU admission (pre) and 10 days after (post) of the right (a) rectus femoris and (b) vastus intermedi-

us for medium- and high-frequency groups. 

*within-group difference (p<0.05) 

  

a 

* 

b 

* 
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Figure 5. Muscle layer thickness at ICU admission (pre) and 10 days after (post) of the left (a) rectus femoris and (b) vastus intermedius 

for medium- and high-frequency groups. 

 

 

 

*within-group difference (p<0.05) 
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