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Abstract

The aim of this study was to examine the effect of electrical muscle stimulation on muscle atrophy caused by neuromyelitis
optica. Two neuromyelitis optica patients with flaccid paralysis participated. The participants underwent a general
rehabilitation program (transfer, balance, and gait training) and electrical muscle stimulation on the quadriceps femoris
muscle of their paralyzed side. The change in the thickness of the vastus lateralis muscle ranged from —0.6 to |.4mm. These
changes were minimal and did not indicate muscle atrophy. These findings suggest that in addition to general physiotherapy,

electrical muscle stimulation seems safe and feasible in the acute phase of neuromyelitis optica.
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Introduction

Neuromyelitis optica (NMO) is a disorder characterized by
repeated exacerbation and remission of severe optic neuritis
and transverse myelitis." Transverse myelitis often leads to
flaccid paralysis along the area of neurarchy. Rehabilitation
is one treatment for NMO.2 However, there are few reports
regarding rehabilitation for NMO, and no published studies
have focused on the effect of electrical muscle stimulation
(EMS) in individuals with NMO. Thus, the aim of this study
was to examine the effect of EMS on NMO-related muscle
atrophy in two patients with flaccid paralysis. We hypothe-
sized that EMS of the muscle affected by NMO-related flac-
cid paralysis can reduce muscle atrophy.

Cases

Two NMO patients admitted to Hiroshima University
Hospital for the treatment of re-emerging symptoms partici-
pated in this study. The patients were positive for serum anti-
aquaporin-4 antibody (AQP-4). They had unilateral flaccid
paralysis, and muscle strength on the paralyzed side was
graded 0 or 1 with manual muscle testing (MMT). MMT
characterizes muscle strength using a rating scale from 0 to
5.3 Their characteristics are summarized in Table 1 and are
described in detail below.

Each patient underwent a general rehabilitation program
that was performed by physical therapist and involved trans-
fer, balance, and gait training. Transfer training was based on
moving from the sitting to the standing position. Balance
training included single-leg standing posture and standing on
an unstable surface. Gait training included walking on an une-
ven ground and floor using a knee ankle foot orthosis and par-
allel bars. In addition to general physiotherapy, we performed
EMS at 20Hz with a monophasic square wave pulse with a
duration of 250 us, an on time of 5, an off time of 2s, no rise
time, and decay using an EMS device (AUTO Tens PRO
Rehabili Unit; Homer Ion Co., Ltd, Tokyo, Japan). Belt elec-
trodes were used for skeletal muscle stimulation. The elec-
trodes were wrapped around the waist, distal parts of thigh,
and crus of the paralyzed side (Figure 1). The stimulation
intensity was individually set to the maximal level without
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Table I. The characteristics of two patients.

Case A B
Age (years) 43 26
Sex Female Male
Height (cm) 162.5 179.8
Weight (kg) 42.2 90.2
Admission (days) 49 23

Medication Steroid pulse Steroid pulse
therapy, PE therapy, therapy, PE
IVIg therapy therapy
Thickness of the VL muscle (mm) (paralyzed/non- Before 22.0/21.5 26.1/26.6
paralyzed side)
After 22.5122.9 25.5/26.1
ADL B Before 35 55
After 85 90
FIM Before 85 94
After 112 17

PE: plasma exchange; IVIg: intravenous immunoglobulin; VL: vastus lateralis; ADL: activity of daily living; Bl: Barthel index; FIM: Functional Independence
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Figure |. Belt electrodes were wrapped around the waist,

distal parts of the thigh, and crus of the paralyzed side. The waist
electrode had a width of 5.5cm and a length of 40 cm twice (a),
the thigh electrode had a width 5.5cm and a length 54 cm (b), and
the crus electrode had a width 5.5cm and a length 31 cm (c).

discomfort in each patient. EMS was performed in a lying
position for 20min once per day. Participants were instructed
not to actively contract muscles during the stimulation.

We evaluated the thickness of the patients’ vastus lateralis
(VL) muscle. We measured the thickness of the VL muscle
and the subcutaneous tissue at the center of the line between
the superior lateral edge of the patella and greater protuber-
ance on ultrasound using a linear array probe with a fre-
quency of 7.5 MHz (Noblus; Hitachi Aloka Medical, Tokyo,
Japan).* Both subjects underwent the ultrasound examina-
tion in a seated position. During measurement, both the hip
and knee extension angles were fixed at 90°. In addition, as

an accessory evaluation, we assessed the subjects’ activities
of daily living (ADL) level using the Barthel index (BI) and
the Functional Independence Measure (FIM). All procedures
were performed by the same investigator at admission and at
discharge.

No adverse events due to EMS were observed in either
participant. The affected lower limb of both patients remained
paralyzed (e.g. grade 0 or 1 on the MMT).

Case A

The patient was a 43-year-old female who was diagnosed
with NMO 6years previously. She was admitted for treat-
ment for exacerbation of sensory disorder, paralysis, and
bladder/rectal disorder. She received steroid pulse therapy
for 3 days after admission. On the 5th day of hospitalization,
she could not speak clearly. Plasma exchange (PE) therapy
was performed five times from the 9th to the 19th day, and
intravenous immunoglobulin (IVIg) therapy was performed
from the 21st to the 25th day. A second course of steroid
pulse therapy was performed from the 30th to the 32nd day
of hospitalization. Physiotherapy began on the 2nd day and
ended on the 48th day. She was hospitalized at our institution
for 49 days and then transferred to a rehabilitation hospital.
The patient performed physiotherapy (40min) and under-
went EMS intervention (20 min) once per day, five times per
week, for a total of 34 times.

The thickness of the VL muscle was increased by 0.5 mm
on the paralyzed side and by 1.4mm on the non-paralyzed
side (Table 1 and Figure 2(a) and (b)). The Bl and FIM scores
showed improvement (from 35 to 85 and from 85 to 112,
respectively; Table 1).



Michiue and Nishikawa

Before

(@)

Patient 1

Patient 2

(d)

Figure 2. Ultrasound images of the vastus lateralis muscle in each patient before and after the intervention. Before images (a) and (c) were
obtained at the first rehabilitation session, and after images (b) and (d) were obtained at the last rehabilitation session for each patient.

Case B

The patient was a 26-year-old male who was diagnosed
2months previously. Before admission to our hospital, he
had received steroid pulse therapy two times at another hos-
pital. PE therapy was performed five times from the 9th to
the 18th day of hospitalization. Physiotherapy began on the
8th day and ended on the 22nd day. The patient was hospital-
ized at our institution for 22 days and then transferred to a
rehabilitation hospital. The patient performed physiotherapy
(40min) and underwent the EMS intervention (20 min) once
per day, five times per week, for a total of 11 times.

The thickness of the VL muscle decreased by 0.6 mm on
the paralyzed side and by 0.5 mm on the non-paralyzed side
(Table 1 and Figure 2(c) and (d)). The BI and FIM scores
improved (from 55 to 90 and from 94 to 117, respectively;
Table 1).

Discussion

This is the first report to examine the effect of EMS on mus-
cles with flaccid paralysis caused by NMO. The thickness of

the VL muscle was minimally changed after physiotherapy
and EMS treatment. These findings suggest that in addition
to general physiotherapy, EMS intervention seems safe and
feasible in the acute phase of NMO.

NMO is characterized by the rapid development and
recurrence of exacerbation and remission. We believe that
after the neuritis is addressed, the recovery of muscle strength
with the reduction of paralysis contributes to the early reac-
quisition of movement. Therefore, it is useful to minimize
subsequent muscle atrophy during the paralysis phase.

There are many reports regarding muscle disuse atro-
phy. Factors that contribute to muscle disuse atrophy
include bed rest,>® immobilization,” peripheral nerve or
spinal cord injury,®® and stroke.!® Reports have indicated
that muscle atrophy can occur even in healthy people®”’
and young people.” In addition, these changes may last
only 5-10days.>”7 In this study, the subjects had flaccid
paralysis, and their hospitalization period ranged from 20
to 49days, and each patient had a paralyzed lower limb
(e.g. MMT 0 or 1). Therefore, the patients in this report
were considered to have a high risk of muscle atrophy. A
study on EMS intervention for Guillain-Barré syndrome, a



SAGE Open Medical Case Reports

demyelinating disease similar to NMO, has recently been
reported.!' Harbo et al.!! reported that EMS intervention
tended to inhibit muscle mass loss more than no interven-
tion (p=0.08) and seemed safe and feasible in the early
phase of Guillain-Barré syndrome. EMS has been found
effective for muscle atrophy caused by bed rest,'> immobi-
lization,” and nerve injury.®® In this study, the subjects
showed minimal change in the thickness of the VL muscle.
The results of this report support previous findings®!'"!3
and suggest that the use of EMS to treat muscles with paral-
ysis seems safe and feasible in the early phase of NMO.

Conclusion

In conclusion, we report the application of EMS intervention
in acute-phase NMO patients. No adverse events due to EMS
were observed in either participant, and minimal changes in
the thickness of the VL muscle were observed. EMS inter-

vention may be a safe and effective intervention in the acute
phase of NMO.
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