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MATTERS ARISING

Does inflammation and altered metabolism 
impede efficacy of functional electrical 
stimulation in critically ill patients? Unleashing 
the potential of individualized functional 
electrical stimulation-cycling in critical illness
Murillo Frazão1,2*, Gerson Cipriano Jr.2,3 and Paulo Eugênio Silva4,5 

Jameson et al. [1] recently published a study demonstrat-
ing intramuscular inflammation and altered substrate 
utilization in skeletal muscle in the first week of criti-
cal illness, with no effect following functional electrical 
stimulation-cycling (FES-cycling) intervention; these 
findings were also supported by two previous stud-
ies from the same group [2, 3]. Conversely, FES-cycling 
has been shown to promote a higher increase in cardiac 
output and peripheral oxygen extraction compared to 
other routine early mobilization methods used in criti-
cal illness [4], suggesting its potential for maintaining 
metabolic and physical function in these patients. The 
claimed ineffectiveness of FES-cycling by Jameson et al. 
[1] may be based on biased assumptions described in the 
subsequent.

According to the minimum standards required to 
ensure neuromuscular electrical stimulation clinical 
effects [5], we consider it crucial to indicate and dis-
cuss its concerns, providing a broader and updated view 
of this relevant rehabilitation intervention. In the ear-
lier study [2], patients underwent FES-cycling with a 
250  μs pulse width and a pulse amplitude varying from 
0 to 60 mA, resulting in a total electrical charge [(pulse 
duration (μs) x pulse amplitude (mA)] ranging from 0 to 
30,000 microcoulombs (μC) (Fig.  1). In the later study 
[3], patients underwent FES-cycling with a 250 μs (aver-
age-sized legs) or 300  μs (legs with edema) pulse width 
with a pulse amplitude varying from 20 to 30 mA, with a 
total electrical charge ranging from 10,000 to 18,000 μC 
(Fig. 1).

Critically ill patients commonly present neuromus-
cular electrophysiological disorders [6, 7], altering the 
neuromuscular excitability threshold, often resulting in 
a chronaxie ≥ 1000  μs. Figueiredo et  al. [8] showed that 
critically ill patients have a high stimulation cost (i.e., 
the total electrical charge delivery rate per watt of out-
put power). For optimal muscle performance, critically 
ill patients require an average total electrical charge of 
140,400 μC (600  μs pulse width and 117  mA intensity) 
(Fig.  1), which is 4.7 times greater than the maximum 
used in the primary study [2] and 7.8 times than the max-
imum used in the validation cohort [3].
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For optimal functional outcomes, precise parameter 
adjustments are also essential. Parry et  al. [9] reported 
a 2.4 gain in physical function in intensive care test 
(PFIT) score in favor of the FES-cycling group, using a 
300–400 μs pulse width and a maximum 140 mA of pulse 
amplitude (total electrical charge ranging from 84,000 
to 112,000 μC) (Fig.  1). Meanwhile, the first study [2] 
achieved only a 1.3 PFIT score in favor of the FES-cycling 
group, and the validation study [3] reached a -0.2 PFIT 
score.

As the functional effects of FES-cycling in critically ill 
patients are dose-dependent, we advocate that individu-
alized treatment based on neuromuscular excitability 
current characteristics (pulse width and pulse amplitude) 
is required. According to Maffiuletti et al. [5], the magni-
tude of electrically evoked force is the only valid indica-
tor of neuromuscular electrical stimulation dose and the 
primary determinant of neuromuscular electrical stimu-
lation treatment effectiveness. The literature presents 
evidence that, on average, pulse width should range from 
500 to 1000 μs and pulse amplitude from 50 to 250 mA 
[8].

Finally, the number of stimulated muscles is a pivotal 
factor influencing neuromuscular electrical stimulation 
clinical and functional outcomes. Notably, in validation 
study [3], only one leg received FES-cycling. Volkers et al. 
[10] reviewed comparative studies of single versus dou-
ble-leg active cycling. There is a higher hormonal levels 
of catecholamines as well as circulatory and ventilatory 
responses during double-leg cycling compared to one-leg 
cycling. Additionally, active muscle mass seems a crucial 
factor in the regulation of endurance performance. Con-
sequently, exercise regimens that recruit a larger active 
muscle mass would optimally stress the release of bio-
chemicals and hence the modulation of central training 

adaptations. It may positively affect physical capacity in, 
for example, persons that have diminished leg muscle 
mass available [10].

In conclusion, addressing neuromuscular excitability 
variations and optimizing intervention parameters, espe-
cially pulse width and amplitude, is crucial for person-
alized and effective rehabilitation. The need for further 
research persists to unlock the full potential of FES-
cycling in enhancing outcomes for critically ill patients.
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