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Abstract

Objective: The objective of this study was to investigate the clinical efficacy of hyper-

baric oxygen combined with right median-nerve stimulation (RMNES) in patients with

disorders of consciousness caused by brain injury.

Methods: A total of 120 patients with consciousness disorders caused by brain

injury were selected. They were randomly divided into three groups, a control group,

test group 1 (treated with RMNES after hyperbaric oxygen therapy [HBOT]), and

test group 2 (treated with RMNES at the same time as HBOT), with 40 patients

in each group. Before and after treatment, the Glasgow coma scale (GCS), brain-

stem auditory-evoked potential (BAEP), electroencephalogram (EEG), and upper-limb

sensory-evoked potential (USEP) were evaluated for the three groups of patients.

Results: The GCS score of patients in the three groups significantly improved com-

pared with that before treatment (p < .05). There were significant differences in GCS

scores among the three groups (p < .05), and the GCS score for the patients was test

group 2>test group 1>control group. The EEG, BAEP, and USEP scores were signifi-

cantly improved compared with those before treatment (p < .05), and the degree of

improvement of patients in the three groups was test group 2>test group 1>control

group (p < .05). The clinical efficacy of test group 2 was higher than that of test group

1, and the clinical efficacy of test group 1 was higher than that of the control group

(p< .05).

Conclusion: Hyperbaric oxygen combined with RMNES can improve the state of con-

sciousness and promote the recovery of consciousness for patientswith consciousness

disorders caused by brain injury, and the effect of RMNES combined with HBOT in the

chamberon improving the recoveryof consciousness is better thanafterHBOToutside

the chamber.
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1 INTRODUCTION

Disorder of consciousness (DOC) (Edlow et al., 2021) is a condition in

which the patient’s ability to perceive environmental stimuli is reduced

or lost to varying degrees. DOC is usually caused by severe brain injury,

which can lead to coma, minimally conscious states (MCS), and unre-

sponsive wakefulness syndrome (UWS) (Hermann et al., 2019). UWS

is also known as the vegetative state (VS). Patients with UWS exhibit

arousal fluctuations but have no consciousness, while patients with

MCS (Giacino et al., 2002; Giacino, Katz, Schiff, Whyte, et al., 2018)

are characterized by the presence of the faintest, but clearly present,

self-awareness or environmental awareness.

The causes of DOC are complex and include neurological diseases,

poisoning, shock, heart failure, and various accidental craniocerebral

injuries. The disease develops rapidly with high mortality and dis-

ability rates, thus placing a heavy burden on families and society.

Foreign epidemiological studies have shown that the incidence of DOC

after brain injury ranges from 0.5% to 1.8% (Moattari et al., 2016). In

China, there are approximately 2 million patients with DOC caused

by various types of brain injury every year (Giacino, Katz, Schiff, John,

et al., 2018). Although the rapid development of modern medicine has

greatly reduced the mortality rate of patients with major diseases,

this progress has been accompanied by an increase in the number of

patients with DOC. Moreover, these patients are bedridden for a long

time, and their quality of life is greatly reduced.

The current methods for promoting the recovery of conscious-

ness in patients with DOC include (D. X. Jiang et al., 2016; Morgan

et al., 2012; Thibaut et al., 2019) basic nursing treatment (D. X.

Jiang et al., 2016), drug awakening (D. X. Jiang et al., 2016; Mor-

gan et al., 2012; Thibaut et al., 2019), surgical treatment (Thibaut

et al., 2019), various sensory and nerve electrical stimulation therapies

(Thibaut et al., 2019), traditional Chinese medicine treatments such

as acupuncture and massage (D. X. Jiang et al., 2016), hyperbaric oxy-

gen therapy (HBOT) (Lin et al., 2008), mild hypothermia therapy, and

neural stem-cell therapy (D. X. Jiang et al., 2016). Although there are

many treatmentmethods for patientswithDOC, the outcomes are still

unsatisfactory.

HBOT (Lin et al., 2008) has been used as a noninvasive treatment for

the recovery of consciousness in patients with traumatic brain injury,

stroke, and postcardiopulmonary resuscitation with some success.

Median-nerve electrical stimulation (MNES) is a treatment method

that uses low-frequency electricity to electrically stimulate the skin

of the anatomical area where the median nerve is located on the

ventral side of the patient’s wrist or forearm (Shi et al., 2017). Since

1996, it has been used to promote wakefulness in patients with DOC

(Yokoyama et al., 1996), and its application has become gradually pop-

ularized because it is inexpensive, noninvasive, and easy to perform

(Shi et al., 2017); however, there have been few relevant studies in

China. After reviewing the relevant literature (Ruan et al., 2019; Tao

et al., 2019; Zhang et al., 2010), it was found that most of the current

studies only investigated the therapeutic effect of RMNES on distur-

bance of consciousness alone and did not explore whether there is a

better treatment to help the recovery of disturbance of consciousness

in combination with other treatments. Therefore, the novelty of this

study is to combine these two treatment methods, explore the clinical

efficacy of right MNES (RMNES) combined with HBOT in the treat-

ment of DOC caused by brain injury at different times, and explore

whether the effect of the combination of the two methods is better

than that of single treatment, providing new ideas for clinical diagnosis

and treatment.

2 MATERIALS AND METHODS

2.1 Subjects

A total of 120 patients with DOC who were admitted to the Second

Hospital of Hebei Medical University between December 2017 and

June 2020 with a clear diagnosis and met the inclusion criteria were

selected for this study. The diagnosis of consciousness disorder was

based on the Glasgow scale, and patients with consciousness disorder

were diagnosedwith a score of less than 8.

2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) causes of brain injury: traumatic

brain injury, cerebral hemorrhage, cerebral infarction and postcar-

diopulmonary resuscitation; (2) degree of impaired consciousness: 3

points <Glasgow coma scale (GCS) score ≤ 8 points; (3) stable respi-

ratory and circulatory system indexes; (4) 18 ≤ age ≤ 70 years; (5) first

episode of the disease with a duration of less than 1month; and (6) the

informed consent and signature of the patient’s family.

Exclusion criteria were as follows: (1) patients with unstable basic

vital signs, such as heart rate, blood pressure, and respiration; (2) a pre-

vious history of epilepsy or frequent seizures; (3) pregnant women; (4)

patients with severe cardiac arrhythmias or pacemaker implants; (5)

patients with steel nails or plates implanted at the treatment site; (6)

patients who were clinically assessed to be unsuitable for trials using

electrical stimulation products; and (7) patients with multiple organ

dysfunction.

2.3 Grouping

Using the random number table method, 120 patients who met the

criteria were randomly divided into a control group, test group 1, and

test group 2, with 40 patients in each group. That is, the patients were

numbered in sequence according to the order of admission, and then

the patients were grouped according to the order in the random num-

ber table, and the numbers exceeding 120 in the random number table

were removed. As shown in Table 1, therewas no difference in age, sex,

duration, or type of injury between these three groups (p> .05).
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TABLE 1 Comparison of the basic conditions of the three groups of patients before treatment

Gender Causes of disease

Group

Number of

cases Age (years) Male Female

Duration of

illness (days)

Traumatic brain

injury

Nontraumatic

brain injury

Test group 1 40 42.15± 14.15 22 18 16.65± 1.33 20 20

Test group 2 40 42.5± 13.78 24 16 16.85± 1.45 21 19

Control group 40 41± 14 20 20 17.4± 1.55 21 19

2.4 Treatment methods

2.4.1 Control group

Routine care and treatment: All patients were given blood pressure,

electrocardiogram, and oxygen saturation monitoring on the ward.

Corresponding medication and surgical treatment were administered

according to the changes in the patients’ conditions. Measures such as

the regulation of water and electrolyte balance, anti-infection treat-

ment, dehydration and intracranial pressure reduction, and nutritional

support treatment were taken.

HBOT protocol: The therapeutic pressure was 2.0 ATA, the hyper-

baric oxygen chamber was pressurized from 1.0 ATA, and the pressure

was stabilized after pressurization to 2.0 ATA, with a pressurization

time of 25min. After pressurization, pure oxygenwas inhaled twice for

30min, and air was inhaled at intervals of 10min. This was followed by

decompression, with a pressure reduction from 2.0 ATA to 1.0 ATA and

adecompression timeof 25min. This treatmentwas administeredonce

a day, with a 1-week course of treatment.

Rehabilitation treatment plan: (1) Cerebellar fastigial nucleus electri-

cal stimulation: the electrode was applied behind the patient’s ear to

improve the posterior circulation of the patient’s brain, and the stim-

ulation intensity was the normal tolerance amount of approximately

15 mA; (2) limb electrical stimulation: electrodes were applied to the

radial carpal extensor and tibialis anterior muscle belly of the patient’s

limb with a stimulation intensity that was appropriate for achieving

maximum muscle contraction without the patient experiencing pain;

patients with no obvious movement of the limbs were subjected to

electrical stimulation of the limbs, and patients with hemiplegia were

subjected to electrical stimulation of the affected limb; (3) passive

activity of the limb at the bedside; (4) VitalStim electrical stimula-

tion: the stimulation site was in the swallowing muscle group, and this

treatment was aimed at preventing atrophy in this group. The above-

mentioned conventional rehabilitation treatment was performed once

a day for 30min, six times a week, with a 1-week course of treatment.

2.4.2 Test group

This group was divided into test group 1 and test group 2, and both

were treated with RMNES on the same basis as the control group.

Test group 1 received RMNES treatment after HBOT, and test group 2

received RMNES treatment in the chamber at the same time as HBOT.

The treatment site was 2 cm above the right transverse wrist, and the

two electrode pads were placed side by side; the output stimulation

waveform was a unidirectional square wave, the treatment frequency

was 40 Hz, the pulse width was 300 ms, the current intensity was

1−40 mA, and the stimulation intensity was based on the observation

of flexion and twitching of the right middle finger, which was generally

10−20mA. This treatment was performed every 2 h, once a day, with a

1-week course of treatment.

2.5 Assessment methods

The GCS, electroencephalogram (EEG), upper-limb sensory-evoked

potential (USEP), brainstem auditory-evoked potential (BAEP), and

clinical outcomes were evaluated before the treatment and after the

four treatment sessions.

1. The GCS scale (Kebapçı et al., 2020) has three components: eye

opening response (maximum4points), verbal response (maximum

5 points), and motor response (maximum 6 points). A GCS score

of 15 indicated that the patient was clearly conscious, a score of

12−14 indicated that the patient was in a state of mild DOC, a

score of 9−11 indicated that the patient was in a state of moder-

ate DOC, and a score of 8 or less indicated that the patient was in

a severe state of DOC.

2. The EEG assessment was performed using 16 leads with disk

electrodes placed according to the international 10/20 system

standard, and the grading criteria followed Hockaday et al.’s

grading ofDOC (Hockaday et al., 1965). Grade I patients had near-

normal EEGwaveswith the basic rhythmof αwaves and a score of
3; grade II patients had predominantly θwaves with a few δwaves
and a score of 2; grade III patients had predominantly δwaveswith
no other rhythmic activity and a score of 1; grade IV indicated that

all waves in the patient’s EEGwere absent and had a score of 0.

3. The BAEP assessment was performed according to the inter-

national 10/20 system of electrode placement, and the grading

standard was based on the Greenberg criteria (Greenberg et al.,

1977). The waveforms of grade I patients were basically normal,

with a score of 3; the I–Vwaves of grade II patients were clear and

distinguishable, but the latency was prolonged, and the amplitude

was decreased, with a score of 2; the latency and amplitude of the

I wave of grade III patients were normal, and some of the remain-

ingwaveswerepresent or showed indistinct positive phasewaves,
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with a score of 1; thewaveforms of grade IV patientswere difficult

to distinguish, or only the I wave was present, with a score of 0.

4. The USEP assessment was performed by placing electrodes

according to the international 10/20 system, and the grading stan-

dard referred to the Greenberg criteria (Greenberg et al., 1977).

Grade I patients had basically normal waveformswith a score of 3;

grade II patients had missing waveform components after 50 ms,

reduced amplitude and prolonged latency, with a score of 2; grade

III patients had only P15 and N20 waves and missing waveform

components after 20 ms, with a score of 1; and in grade IV, there

were nowaves present or only P15waves, with a score of 0.

5. Criteria for the clinical efficacy assessment included the following

(Tian et al., 2012):

6. Basically cured: the patient was awake and had a GCS score of 15.

7. Significantly effective: significant improvement in signs and symp-

toms and a GCS score>12.

8. Effective: improvement in signs and symptoms and a GCS

score>9.

9. Ineffective: no improvement in signs or symptoms, no improve-

ment or a decrease in the GCS score.

Effective rate = [(basically cured + significantly effective + effective) ∕

number of patients treated] × 100%.

10. Security assessment: Patients were observed for adverse effects

such as seizures, skin burns at the MNES site, and sympathetic

excitation, which had been reported in previous trials during

treatment.

11. Follow-up visit: All patients were followed up for 6months by out-

patient follow-upor telephone interview. If thepatient andhis/her

relatives were not available, the patient was recorded as lost to

follow-up. The patient’s outcome at the 6-month follow-up was

defined as recovery of consciousness, MCS, UWS, or death. The

patients’ families were followed up by telephone, and the patients

were scored by the Glasgow prognostic score (GPS). The crite-

ria for the recovery of consciousness were clear consciousness,

the ability to functionally communicate with others, the ability

to correctly identify the figure, time and place, and the ability to

correctly perform motor commands. The criteria for MCS were

the ability to perform visual tracking, the ability to perform direc-

tional voluntary movements, and the ability to localize pain but

not to functionally communicate with others. VS was diagnosed

when the patient had complete loss of cognition of the self and

peripheral environment, no conscious activity, and inability to

understand or express language, but therewas a sleep–wake cycle

and an ability tomaintain voluntary breathing and blood pressure.

3 STATISTICAL ANALYSIS METHODS

The trial results were processed by statistical analysis using SPSS 21.0

software.Measurement datawere first tested for normality andhomo-

TABLE 2 Glasgow coma scale (GCS) scale scores of patients in the
three groups (x̄± s, n= 40 in test group 1, n= 40 in test group 2, and
n= 40 in the control group)

Group Before treatment After treatment

Test group 1 5.35± 1.66a 7.75± 1.48b,c

Test group 2 5.45± 1.7a 9.35± 1.53b,c

Control group 5.65± 1.57a 6.75± 0.34b,c

ap> .05 for a two-by-two comparison between groups before treatment.
bp< .05 for a two-by-two comparison between groups after treatment.
cp< .05 for the comparison of the three groups before and after treatment.

geneity of variance. If normality and homogeneity of variance were

observed, the t-test was performed, and the results were expressed as

the mean ± standard deviation (x̄ ± s); if non-normality and/or hetero-

geneity of variance was observed, a nonparametric test was applied.

The chi-square test was used for the comparison of percentages. The

test level was α = 0.05, and p < .05 was considered a statistically

significant difference.

4 RESULTS

4.1 GCS score

Before treatment, there was no difference in GCS scores among the

three groups (p > .05); after treatment, GCS scores improved in all

three groups (p < .05), and the scores were compared as follows: test

group 2> test group 1> control group (p< .05; Table 2).

4.2 EEG score

Before treatment, the overall score for test group 1 was 1.00 ± 0.85,

the score for test group 2was 1.05±0.88, and the score for the control

groupwas 1.20± 0.82. There was no statistically significant difference

between the three groups before treatment (p> .05). After treatment,

the scores were 2.00 ± 0.75 in test group 1, 2.375 ± 0.77 in test group

2, and 1.50 ± 0.17 in the control group. All three groups had improved

scores after treatment comparedwith those before treatment, and the

difference was statistically significant (p < .05). The EEG scores in test

group 2 were better than those in test group 1 and the control group

after treatment (p< .05; Table 3).

4.3 BAEP Score

Before treatment, the overall score for test group 1 was 1.20 ± 0.61,

test group 2 was 1.20 ± 0.61, and the control group was 1.25 ± 0.63.

There was no statistically significant difference between the three

groups before treatment (p > .05). After treatment, the overall score

was 2.00 ± 0.78 in test group 1, 2.50 ± 0.64 in test group 2, and

1.53 ± 0.78 in the control group. The scores of the three groups were
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TABLE 3 Comparison of electroencephalogram (EEG) scores
among the three groups of patients (x̄± s, n= 40 in test group 1, n= 40
in test group 2, and n= 40 in the control group)

Group Before treatment After treatment

Control group 1.20± 0.82a 1.50± 0.17b,c

Test group 1 1.00± 0.85a 2.00± 0.75b,c

Test group 2 1.05± 0.88a 2.375± 0.77b,c

ap> .05 for a two-by-two comparison between groups before treatment.
bp< .05 for a two-by-two comparison between groups after treatment.
cp< .05 for the comparison of the three groups before and after treatment.

TABLE 4 Comparison of brainstem auditory-evoked potential
(BAEP) scores among the three groups of patients (x̄± s, n= 40 in test
group 1, n= 40 in test group 2, and n= 40 in the control group)

Group Before treatment After treatment

Control group 1.25± 0.63a 1.53± 0.78b,c

Test group 1 1.20± 0.61a 2.00± 0.78b,c

Test group 2 1.20± 0.61a 2.50± 0.64b,c

ap> .05 for a two-by-two comparison between groups before treatment.
bp< .05 for a two-by-two comparison between groups after treatment.
cp< .05 for the comparison of the three groups before and after treatment.

TABLE 5 Comparison of upper-limb sensory-evoked potential
(USEP) scores among the three groups (x̄± s, n= 40 in test group 1,
n= 40 in test group 2, and n= 40 in the control group)

Group Before treatment After treatment

Control group 1.13± 0.69a 1.55± 0.78b,c

Test group 1 1.05± 0.68a 1.95± 0.60b,c

Test group 2 1.05± 0.68a 2.35± 0.48b,c

ap> .05 for a two-by-two comparison between groups before treatment.
bp< .05 for a two-by-two comparison between groups after treatment.
cp< .05 for the comparison of the three groups before and after treatment.

improved after treatment compared with before treatment, and the

difference was statistically significant (p < .05). The BAEP score was

better in test group 2 than in test group 1 and the control group after

treatment (p< .05; Table 4).

4.4 USEP

Before treatment, the overall score was 1.05 ± 0.68 in test group 1,

1.05 ± 0.68 in test group 2, and 1.13 ± 0.69 in the control group, with

no statistically significant difference between the three groups before

treatment (p> .05). After treatment, the overall score was 1.95± 0.60

in test group 1, 2.35 ± 0.48 in test group 2, and 1.55 ± 0.78 in the con-

trol group. The scores of the three groups were improved statistically

after treatment compared with those before treatment (p < .05). The

USEP score was better in test group 2 than in test group 1 and the

control group after treatment (p< .05; Table 5).

4.5 Clinical efficacy assessment

As shown in Table 6, in this study, the overall response rate was 75%

(30/40) in the control group, 80% (32/40) in test group 1, and 90%

(36/40) in test group 2. The difference between the test group and

the control group was statistically significant (p < .05), and the over-

all response rate was test group 2 > test group 1 > control group (p <

.05).

4.6 Follow-up visits

Of the total number of patients, 77 (64.2%) patientswere contacted for

follow-up. The results are shown in Table 7. A total of 26 patients were

followed up in test group 2, of whom 14 (53.9%) regained conscious-

ness, six (23.1%)were inMCS, and six (23.1%)were diagnosedwith VS.

A total of 26 patients were followed up in test group 1, of whom nine

(34.6%) regained consciousness, six (23%)were inMCS, and11 (42.3%)

were diagnosed with VS. In the control group, 25 patients were fol-

lowed up, of whom five (20%) regained consciousness, five (20%) were

in MCS, and 15 (60%) were diagnosed with VS. The statistical results

showed that the consciousness rate of patients in test group 2 was sig-

nificantly higher than that in test group 1 and the control group (p <

.05), and the number of patients diagnosed with VS was less than that

in test group 1 and the control group, and the difference was statisti-

cally significant (p< .05). TheGPS scores of all the patients at follow-up

showed that those in test group 2 were significantly higher than those

in test group 2 and test group 1 (3.5± 1.3 vs. 3.0± 1.2 vs. 2.64± 0.99, p

< .05).

4.7 Adverse reactions

During the trial, patients did not experience adverse effects such as

seizures, skin burns at the MNES site, or sympathetic excitation, as

reported in previous studies.

5 DISCUSSION

At present, the clinical treatment for the recovery of consciousness in

DOC patients is based on comprehensive treatment with multidisci-

plinary cooperation. Although there are many treatment methods, the

treatment results have their own advantages and disadvantages and

are not ideal.

HBOT (Gonzales-Portillo et al., 2019) is recognized for its signifi-

cant effect on carbon-monoxidepoisoning, decompression sickness, air

embolism, and ischemic-hypoxic diseases. It is also effective in promot-

ing the recovery of consciousness inDOCpatients caused by traumatic

brain injury, stroke, and postcardiopulmonary resuscitation. The theo-

retical basis ofHBOT topromote recovery of consciousness is (Bennett

et al., 2012; Gonzales-Portillo et al., 2019; Tal et al., 2017; Sankaran
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TABLE 6 Comparison of clinical efficacy of patients in the three groups (cases %) (n= 40 in test group 1, n= 40 in test group 2, and n= 40 in
the control group)

Group

Basically

cured

Significantly

effective Effective Ineffective

Overall

response

rate (%)

Test group 1 8 10 14 8 80

Test group 2 10 14 12 4 90

Control

group

5 8 17 10 75

TABLE 7 Patient follow-up data for the three groups (cases)
(n= 26 in test group 1, n= 26 in test group 2, and n= 25 in the control
group)

State of Consciousness Control group Test group 1 Test group 2

Restore consciousness 5 9 14

MCS 5 6 6

VS 15 11 6

Abbreviations:MCS, minimally conscious states; VS, vegetative state.

et al., 2019; Ye et al., 2020) that it can increase the effective diffusion

distance of blood oxygen and increase the amount of oxygen diffusion,

aswell as promoting vasoconstriction to speedupblood flowandaccel-

erating the establishment of collateral circulation. At the same time, it

can also increase blood flow in the ischemic area and vertebral artery

and the ascending reticular activation system increase the production

of ATP in brain cells and the synthesis of other substances in brain

tissue and promote the recovery of brain function. The results of this

study showed that the GCS score, EEG score, BAEP score, and USEP

score improved in the control group at the end ofHBOT combinedwith

conventional clinical therapies and rehabilitation, which supports the

above theory. The results of a studybyLi andLiu (2019) on120patients

with severe traumatic coma treated with HBOT showed that com-

pared with the control group, the GCS score and brain function score

of patients in the hyperbaric oxygen treatment group were improved.

This is consistent with the results of this study.

MNES was introduced in 1996 for the treatment of comatose

patients (Yokoyama et al., 1996). This stimulation method produces a

therapeutic effect by sending signals generated by peripheral-nerve

electrical stimulation through the spinal cord to the brainstem, thala-

mus, and, ultimately, to the sensory-motor areas corresponding to the

hand in the cerebral cortex (J. Y. Jiang et al., 1988). Since hand func-

tion is localized to the largest area of cortical projections (Cooper et al.,

2006), stimulation of the median nerve can achieve the greatest ther-

apeutic effect. The mechanism of action may be related to increased

cerebral blood perfusion, direct excitation of the cerebral cortex, and

the increased secretion of the corresponding neurotransmitters.

In a functional magnetic resonance imaging study of the effects of

RMNES on brain function in healthy subjects, M. Chen et al. (2019)

found that the brain areas being activated in 28 subjects under RMNES

were mainly concentrated in the hand-motor and sensory functional

areas of the left brain, including the precentral gyrus (BA4) where the

primarymotor cortex (M1) is located, theprecentral gyrus (BA6)where

the cortical premotor cortex (PMC) is located, the postcentral gyrus

(BA2, BA3) where the primary somatosensory cortex (S1) is located,

the supramarginal gyrus (BA40) where the secondary somatosen-

sory cortex (S2) is located, and the left insula (BA13). Activation

areas are also present in the right brain, mainly in the supramarginal

gyrus where S2 is located and in the postcentral gyrus where S1 is

located. Compared with the resting state, the BOLD signal intensity

of the above activated brain regions was more variable in the RMNES

wake-promotingmode, with T> 5.84 and p< .05 (FWE corrected).

The results of Zhao and Liu’s study (2020) on the effect of RMNES

on DOC due to traumatic craniocerebral injury showed that the test

group had relatively high levels of norepinephrine (NE) and dopamine

and significantly decreased levels of β-EPafterRMNES, suggesting that

RMNES can regulate the secretion of neurotransmitters in the body

andmay be one of themechanisms that promote wakefulness.

It was also found that GABA contributed to the maintenance of the

sleep state (M. Chen et al., 2019; Cy et al., 2016; Zhao& Liu, 2020), and

the absence of its receptor, GABA-b, delayed sleep time. The results

of Wei et al.’s (Zhao & Liu, 2020; Cy et al., 2016; Vienne et al., 2010)

study on the effect of MNES on the changes in GABA-b expression

in comatose rats after traumatic brain injury showed that the wake-

promoting effect of MNES on comatose rats was related to GABA-b

receptors.

The neuronal synapses of the median nerve are directly involved

in ascending reticular activating system activity, which consists of

three major arousal systems: the cholinergic system, the raphe dorsal

nucleus-serotonin system, and the locus coeruleus (LC)–noradrenergic

system in which the LC synthesizes and secretes NE to innervate the

entire cortex, diencephalon, and other regions of the brain. NE acts on

the cerebral cortex through the excitatory receptor α1 to maintain the

electrical physiological activity of the cerebral cortex and the waking

state. Wei and Feng (2016) found that the pro-wake effect of MNES

in comatose rats after traumatic brain injury was associated with the

upregulation of orexin-A and the expression of its receptor, OX1R, in

the prefrontal cortex (PFC). The effect of MNES on the expression

of PFC NE α1 receptors in comatose rats after traumatic brain injury

found by Feng et al. (2015) suggested that the mechanism of the pro-

wake effect of MNES on comatose rats after traumatic brain injury

might be related to the increase in α1R expression in the PFC region.

It was also confirmed that OX1R and its receptor OX1R were involved

in the wakefulness-promoting process of MNES, and the mechanism
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may be related to the upregulation of α1R expression in the PFC region

by OX1R. In conclusion, the results of a series of studies suggest that

MNES can regulate the levels of neurotransmitters associated with

wakefulness.

Although it has been reported in the literature that electrical stimu-

lation of both the left and right median nerves is effective in restoring

consciousness impairment, the results of a study by Yang (2005)

highlighted that in patientswhose native language is Chinese, the dom-

inant hemisphere in nonright-handed people is still the left cerebral

hemisphere and very rarely the right cerebral hemisphere.

Therefore, stimulation of the right median nerve is mostly chosen

for clinical treatment.

In this study, the right median-nerve region was selected for elec-

trical stimulation treatment, and the test results showed that the GCS

score, EEG score, BAEP score, USEP score, and clinical outcomes of

patients in all three groupswere significantly improved comparedwith

those before treatment (p < .05). However, patients in test groups 1

and 2 showed much improvement than the control group, indicating

that HBOT combined with RMNES treatment had a more significant

wake-promoting effect on patients with DOC. This may be related to

the synergistic effect of RMNES and HBOT on cerebral blood flow,

blood-flow velocity, and neurotransmitter regulation. The improve-

ment in scores from various assessments in test group 2, especially

electrophysiological indexes, was better than that in test group 1,

probably because RMNES was performed at the same time as HBOT,

which enhanced the effect of the two treatments on the mechanism

of wakefulness promotion of DOC; in test group 1, HBOT was usually

scheduled at 7:30 or 9:30 a.m., while RMNES was usually performed

in the afternoon, with a longer time interval, resulting in poorer syn-

ergy between the two. The specific mechanism of action needs to be

explored in the future. Although both test groups 1 and 2 performed

better than the control group, the clinical efficiency in this study was

lower than that in previous literature,whichmaybe related to the small

sample size of this trial, its short treatment period, the overly simplified

method of assessing clinical efficacy, and the nonuniform criteria.

This trial was conducted in strict accordance with the operating

standards of the MNES therapy instrument, and no adverse reactions,

such as seizures, skin burns at theMNES site or sympathetic excitation,

as reported in previous trials, were observed during the procedure, and

the whole test process was smooth.

In terms of efficacy assessment, in addition to the GCS, which is a

commonly used clinical assessment scale, EEG, BAEP, and USEP were

also assessed in DOC patients in this trial. Studies have shown (R.

Chen et al., 1996) that although the specificity of judging the progno-

sis of patients with coma or vegetative state according to GCS score

is high, the risk of false positive prognostic results is also high, and

this phenomenon is especially common in cases of severe head injury.

Therefore, the influence of subjective factors of the GCS assessment

scale on the test results is reduced in combination with other scales;

it also excluded the interference of the sedative-drug sleep status of

the ICU patients in the assessment of this trial, making the assessment

results more objective and credible. However, a correlation analy-

sis of the results obtained from the four assessment scales was not

performed in this study.

For follow-up, it was only possible to contact 77 patients; themobile

numbers of the families of the remaining patients were no longer valid,

and they could not be contacted. Among those patients whowere con-

tacted, a better prognosis was observed in the MNES + HBOT group.

Patients were discharged from the hospital with different treatment

options, such as home care or transfer to the hospital for further treat-

mentwithMNESorHBOT. Theprognosis at 6monthswas also affected

by the different treatment modalities, but MNES + HBOT was effec-

tive in accelerating the process of wakefulness, and no adverse effects

were observed in the patients. Follow-up will be continued with the

patients in the future to better observe the prognostic impact of

MNES+HBOT.

Due to many factors, the sample size of this trial was small, with

only 120 cases included and 40 cases in each group. In addition, the

efficacy of DOC resulting from different etiologies and the age of the

patients were not analyzed, and cerebral perfusion was not monitored

during patient treatment, including the follow-up of long-term effects,

all ofwhichneed further in-depth study.On theother hand, during tele-

phone follow-up, the nursing staff of the patient may not accurately

judge the specific situation of the patient, thus affecting the follow-up

results. Moreover, the correlation between the results obtained from

the four assessment scales needs to be further analyzed.

In conclusion, the results of this study showed that HBOT combined

with RMNES can promote the recovery of consciousness in patients

with DOC, and the effect of HBOT with simultaneous RMNES treat-

ment on the recovery of consciousness was better than that of HBOT

followed by RMNES. In addition, RMNES in the hyperbaric chamber

was safe, effective, and timesaving. The use of MNES as a noninvasive

rehabilitation tool has been gradually applied in clinical practice, but

the problem of promoting wakefulness in DOC patients still requires

joint efforts of clinical workers.
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