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Abstract 

Purpose: Severe traumatic brain injury (TBI) leads to acute coma and may result in prolonged disorder of conscious-
ness (pDOC). We aimed to determine whether right median nerve electrical stimulation is a safe and effective treat-
ment for accelerating emergence from coma after TBI.

Methods: This randomised controlled trial was performed in 22 centres in China. Participants with acute coma at 
7–14 days after TBI were randomly assigned (1:1) to either routine therapy and right median nerve electrical stimula-
tion (RMNS group) or routine treatment (control group). The RMNS group received 20 mA, 300 μs, 40 Hz stimulation 
pulses, lasting 20 s per minutes, 8 h per day, for 2 weeks. The primary outcome was the proportion of patients who 
regained consciousness 6 months post-injury. The secondary endpoints were Glasgow Coma Scale (GCS), Full Outline 
of Unresponsiveness scale (FOUR), Coma Recovery Scale-Revised (CRS-R), Disability Rating Scale (DRS) and Glasgow 
Outcome Scale Extended (GOSE) scores reported as medians on day 28, 3 months and 6 months after injury, and GCS 
and FOUR scores on day 1 and day 7 during stimulation. Primary analyses were based on the intention-to-treat set.

Results: Between March 26, 2016, and October 18, 2020, 329 participants were recruited, of whom 167 were ran-
domised to the RMNS group and 162 to the control group. At 6 months post-injury, a higher proportion of patients in 
the RMNS group regained consciousness compared with the control group (72.5%, n = 121, 95% confidence interval 
(CI) 65.2–78.7% vs. 56.8%, n = 92, 95% CI 49.1–64.2%, p = 0.004). GOSE at 3 months and 6 months (5 [interquartile 
range (IQR) 3–7] vs. 4 [IQR 2–6], p = 0.002; 6 [IQR 3–7] vs. 4 [IQR 2–7], p = 0.0005) and FOUR at 28 days (15 [IQR 13–16] 
vs. 13 [interquartile range (IQR) 11–16], p = 0.002) were significantly increased in the RMNS group compared with the 
control group. Trajectory analysis showed that significantly more patients in the RMNS group had faster GCS, CRS-R 
and DRS improvement (p = 0.01, 0.004 and 0.04, respectively). Adverse events were similar in both groups. No serious 
adverse events were associated with the stimulation device.
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Conclusion: Right median nerve electrical stimulation is a possible effective treatment for patients with acute trau-
matic coma, that will require validation in a confirmatory trial.

Keywords: Coma, Right median nerve, Electrical stimulation, Traumatic brain injury

Background

Traumatic brain injury (TBI) may lead to an impaired 
level of consciousness depending on injury severity [1]. 
In the acute phase, coma is defined by impairments 
in arousal and awareness and is commonly diagnosed 
when the Glasgow Coma Scale score (GCS) is equal 
to or less than 8 [2]. Recent large-scale observational 
studies reported that 42% of patients admitted to the 
intensive care unit (ICU) with TBI in China and 37% in 
Europe had a GCS ≤ 8 [1, 3]. An estimated 0.63–7.33% 
of patients presenting in coma following severe TBI are 
in a vegetative state 6 months after injury, and the inci-
dence various significantly between centres [4, 5]. Fail-
ure to emerge from coma, or emergence into a disorder 
of consciousness, presents important management and 
ethical problems, raising questions about the appropri-
ateness of continued clinical care, and sometimes trig-
gering decisions about withdrawal of life supporting 
treatments (WLST) [6].

Till now, there are few effective treatments to enhance 
coma recovery at the early stage post-injury. The intrac-
ranial instability and the need to monitor and treat 
patients in the intensive care unit limit the applicability 
of invasive stimulations, such as deep brain or spinal cord 
stimulation. Pharmaceuticals show temporary effective-
ness at the chronic stage of TBI [7], but no evidence sup-
ports benefit in acute coma patients. Till now, we do not 
have proven interventions that could promote emergence 
from coma [7, 8].

The potential of non-invasive transcutaneous electri-
cal stimulation to enhance arousal and emergence from 
coma or a disorder of consciousness has been subject 
of increasing interest. Right median nerve stimulation 
(RMNS), which was first used to treat paralysed limbs 
following trauma, was initially explored in small stud-
ies conducted in the United States of America (USA) as 
approach to improve the conscious level [9].

RMNS may improve unconsciousness through vari-
ous mechanisms, including (1) enhancing synapses of the 
spinoreticular component of the median nerve pathway 
with neurons of the ascending reticular activating system 
(ARAS); (2) increase of blood perfusion and (3) increased 
endogenous neurotrophic factors, such as brain-derived 
neurotrophic fact (BDNF), leading to the survival of more 
neurons [8, 10]. Understanding the clinical efficacy will, 

however, require more exploration in the laboratory with 
translation of the bench findings into the clinical scene 
towards a more precise model for targeting treatment.

Small pilot studies and single-centre controlled tri-
als described the potential of the technique to accelerate 
emergence from coma [11, 12]. These results, suggesting 
a promising novel strategy of coma awakening, motivated 
a large-scale study to investigate the efficacy of RMNS in 
comatose patients after severe TBI.

We report on a multicenter, randomised, controlled 
trial to assess the efficacy of right median nerve electri-
cal stimulation in promoting emergence from coma, 
when applied early (7–14  days) after TBI and continu-
ing for two weeks[13, 14]. The primary endpoint was the 
percentage of patients regaining consciousness 6 months 
after injury. The secondary endpoints were GCS, Full 
Outline of Unresponsiveness scale (FOUR), Coma Recov-
ery Scale-Revised (CRS-R), Disability Rating Scale (DRS) 
and Glasgow outcome scale extended (GOSE) scores on 
day 28, 3 months and 6 months after injury, and GCS and 
FOUR scores on day 1 and day 7 during stimulation.

Methods
Study design and participants
This study is a prospective, multi-centre, randomised 
controlled trial, conducted in 22 large, experienced, spe-
cialised neurosurgical centres across China (see elec-
tronic supplementary material, ESM). The study enrolled 
patients between 18 and 65  years, who suffered closed 
TBI 7–14  days before enrolment, with GCS 4–8 and a 
GCS motor score < 5 assessed on enrolment. Patients 
with unstable vital signs, history of epilepsy, severe 
cardiac arrhythmia, or pacemaker implantation were 
excluded from the study. Full inclusion and exclusion cri-
teria are provided in the appendix (see ESM).

Take‑home message 

The results of this prospective, multi-centre randomised controlled 
trial showed possible effect of right median nerve electrical stimula-
tion for the treatment of coma at the early stage of 7–14 days post 
traumatic brain injury. A confirmatory trial is needed prior to imple-
mentation of this approach into clinical practice. Further research is 
required to determine if right median nerve stimulation can be used 
to improve coma from other etiologies, in a wider time window, and 
over a longer period of evaluation.
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The detailed trial protocol has been published [15]. The 
study protocol and consent forms have been approved 
by the Ethics Committee of Renji Hospital (NO: Renji 
Lunshen [2016] 001(2)) and the local institutional review 
boards of each participating site. The trial was registered 
on ClinicalTrials.gov (ID number NCT02645578), and 
performed in accordance with the Declaration of Helsinki 
and the guidelines of Good Clinical Practice. Reporting 
follows the Consort guidelines.

Randomisation and masking
All eligible participants were randomly assigned (1:1) to 
the stimulation group (RMNS group) or the non-stim-
ulation group (control group), stratified by study centre 
using a block randomisation scheme with a block size 
of 4. The randomisation sequence was generated using 
SAS PROC PLAN (SAS Institute Software, Cary, NC, 
USA), and was carried out by an independent statistician. 
The randomisation allocation was mailed in an opaque 
envelope to an unmasked study physician in each par-
ticipating centre, who set the stimulation device with the 
appropriate stimulation settings according to the group 
assignment each day. The stimulation device was also 
applied to the control group but without electric current 
being administered. Outcome assessors were masked to 
group assignment.

Procedures
Baseline information collected at presentation to the 
emergency room included demographics, time of admis-
sion, cause of injury, whether accompanied by multiple 
trauma, injury severity score, initial GCS score, com-
puted tomography (CT) findings, pupillary light reflex, 
and the need of craniotomy. Baseline assessment was 
conducted by an independent assessor. Baseline prog-
nostic risk was calculated according to the International 
Mission for Prognosis and Analysis of Clinical Trials 
(IMPACT ) core model [16].

Patients were enrolled on days 7–14 post-injury and 
then assigned to trial arms. Trial interventions were ini-
tiated on the day of enrolment and continued for two 
weeks. Patients in the RMNS group received right median 
nerve stimulation in addition to routine treatment, which 
included management targeting intracranial hyperten-
sion and a variety of supportive treatments [17]. The 
electrical treatment was delivered via two electrodes that 
were applied on the volar surface of the right forearm 
for patients [11]. An electrical neuromuscular stimulator 
(Nuohe, Shanghai) supplied trains of asymmetric bipha-
sic pulses at an amplitude of 15–20 mA (as tolerated with 
no obvious change of vital signals including heart rate, 
respiratory rate and blood pressure) with a pulse width 
of 300  μs at 40  Hz ON for 20  s and OFF for 40  s. The 

electrical stimulation treatment lasted for 8 h per day for 
2 weeks. Patients assigned to the control group had their 
devices set to similar settings, but with no electric current 
applied. Over the period of trial intervention, patients in 
both arms continued to receive standard intensive care 
management. All enrolled patients received routine treat-
ments according to Brain Trauma Foundation (BTF) 
guidelines during hospital stay.

Clinical assessments were performed on day 1 and day 
7 of the stimulation protocol, and on day 28, 3  months 
and 6  months after injury. Assessments included GCS, 
FOUR, CRS-R, DRS and GOSE scores. Data on all 
adverse events and serious adverse events were recorded 
prospectively at each therapy session and at all outcome 
assessments. Assessments were done by the same asses-
sor at baseline and at follow-up at each site, who was 
blind to the assignment.

Outcomes
The primary endpoint was the percentage of patients 
regaining consciousness 6  months after injury. Con-
sciousness was defined as complete wakefulness and 
awareness of self and environment, and the ability to 
obey commands and intact light and deep reflexes. 
Death before primary endpoint assessment was treated 
as a competing risk, and analysed with competing risks 
regression.

The secondary endpoints were GCS, FOUR, CRS-R, 
DRS and GOSE scores on day 28, 3 months and 6 months 
after injury, and GCS and FOUR scores on day 1 and day 
7 during stimulation. In addition, the duration of uncon-
sciousness, duration of mechanical ventilation and length 
of ICU stay were also recorded as secondary endpoints. 
The GOSE was additionally classified into favourable 
(GOSE ≥ 5) and unfavourable outcomes (GOSE ≤ 4).

The safety of RMNS was assessed by the incidence of 
adverse events within 6  months post-injury, including 
but not limited to (1) seizures, (2) increased intracranial 
pressure and (3) intracranial bleeding.

Statistical analysis
On the basis of a previous single-centre randomised con-
trolled trial (RCT) study on RMNS [12], we calculated 
that enrolment of 334 patients (167 per group) would 
provide the trial with 80% power to detect a between-
group difference of 13.6% in the proportions of patients 
regaining consciousness at 6 months (primary outcome; 
46.2% in the control group vs. 59.8% in RMNS group) at 
a significance level of 0.05 (one sided test). Assuming 12% 
withdrawal or loss to follow-up from the trial, we aimed 
to recruit a total of 380 patients (190 per group). A total 
of 64 missing data were detected in the trial, of which 17 
had missing data at baseline, 6 for the primary endpoint, 
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and 41 for secondary endpoints. A last observation car-
ried forward approach was used for imputation of data in 
the primary and secondary outcome analysis.

All efficacy and safety analyses were done on the 
intention-to-treat population, defined as all participants 
assigned to two groups, regardless of actual treatment 
received and regardless of the number of stimulation 
completed. A per-protocol analysis was defined a priori 
to include participants who completed the stimulation 
and follow-up without major protocol violations, which 
could affect or compromise the safety or efficacy of the 
treatment.

The primary outcome is presented as a total percentage 
per group, and treated as a categorical variable. Between 
group differences for primary outcome measures were 
assessed using chi-squared test. Multivariable competing 
risks regression model (Fine and Gray model) was also 
fit, with death before regaining consciousness treated as 
a competing risk. Besides, to adjust for centre effects, a 
mixed-effect Cox regression model was established with 
centres treated as random effect. During secondary out-
come analysis, continuous variables were assessed using 
the Wilcox test, and dichotomous GOSE was assessed 
using chi-squared test. Post hoc subgroup analyses were 
also conducted. p values were reported for comparisons 
between the two groups for the analyses of conscious-
ness rate. Trajectory analysis was performed to estimate 
trajectories of GCS, FOUR, CRS-R and DRS scores and 
identify groups using random quadratic effect latent class 
trajectory modelling, and the optimal number of classes 
was chosen based on Akaike information criterion (AIC), 
Bayesian information criteria (BIC) and posterior prob-
abilities and relative entropy. Detailed methods for latent 
class trajectory modelling were shown in Methods part of 
appendix (see ESM). Cochran–Armitage test was used to 
determine statistically significant trends in class variation 
between groups.

A two-tailed p value of 0.05 or less was used to define 
statistical significance. For secondary outcomes analy-
sis, 19 comparisons were performed, so adjusted alpha 
was set to 0.003 according to Bonferroni adjustment. 
Statistical analyses were done using R (version 3.5.0), 
with R Studio (version 1.1.447) used as the implemen-
tation integrated development environment. The pro-
portional hazards assumption was assessed by means 
of residual diagnostic tests using “cox.zph” function in 
Package “survival” (version 3.3-1). Plot of Cumulative 
incidence function was done with the “cuminc” function 
in “cmprsk” package (version 2.2-11). Multivariable com-
peting risks regression model was done with the “crr” 
function in the “cmprsk” package (version 2.2-11). Mul-
tivariable mixed-effect Cox proportional hazards regres-
sion was done with the “coxme” function in the “coxme” 

package (version 2.2-16). Trajectory analysis was done 
with the “hlme” function in the “lcmm” package (version 
1.9.5). The study was registered with ClinicalTrials.gov, 
NCT02645578.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between Mar 26, 2016, and Oct 18, 2020, 576 partici-
pants were screened for eligibility (Fig. 1). A total of 184 
patients did not meet eligibility criteria, legal representa-
tives of 62 potential participants declined consent, and 
1 withdrew consent immediately after randomisation 
before initiating study intervention. The study included 
329 patients in total, which were randomly assigned 
(intention-to-treat population) to treatment. 167 were 
assigned to the RMNS group and 162 to the control 
group. Six patients were lost to follow-up and a total of 
164 in RMNS group and 159 patients in control group 
were included in the per-protocol analysis. The trial 
could not be fully blinded to the clinical treating team, as 
active stimulation could elicit twitching of the stimulated 
muscles in some patients. Time to study treatment after 
injury was similar between groups (8 days [interquartile 
range (IQR) 7–10] vs. 8 days [IQR 7–8], p = 0.27).

There were no significant protocol deviations that 
affected the rights, safety, or wellbeing of participants or 
the scientific integrity of the study. Baseline demograph-
ics are shown in Table  1. Groups were well matched at 
baseline. Moreover, we calculated baseline prognostic 
risk according to the IMPACT core model to further 
assess comparability between groups. Baseline risks were 
comparable with death being predicted in 57 patients in 
the RMNS group and 57 patients in the control group.

The primary analysis showed that the percentage of 
patients regaining consciousness 6  months after injury 
was 15.66% (95% confidence interval (CI) 5.46–25.87%) 
higher in the RMNS group than in the control group 
(n = 121, 72.46%, 95% CI 65.23–78.67% vs. n = 92, 
56.79%, 95% CI 49.09–64.17%, p = 0.004; Fig. 2).

Exploratory analysis for 6 months consciousness was 
also performed. Cumulative incidence for conscious-
ness showed that significantly more patients regained 
consciousness over time in the RMNS group (Fig. 3). A 
total of 24 patients (7.29%, 95% CI 4.95–10.62%) died 
during the study, among whom 17 patients belong to 
the control group, and 7 patients belong to the RMNS 
group. Multivariable competing risks regression model 
revealed that RMNS was significantly associated with a 
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higher conscious rate at 6  months after injury, adjust-
ing for baseline variables including age, gender, GCS 
and CT findings (hazard ratio 1.75 [95% CI 1.30–2.34], 
p = 0.0002, Fig.  4). Besides, in multivariable mixed-
effect Cox regression model, adjusting for centre effects 
showed similar results (hazard ratio 1.73 [95% CI 1.27–
2.36], p = 0.0005, Table  S1). For those who regained 
consciousness during study, the median time to emer-
gence from coma in the RMNS group was 28 (IQR 
15–51) days post-injury, which was similar to control 
group (27 days, IQR 14–48, p = 0.47).

In secondary outcome comparisons, a threshold of 
alpha less than 0.003 was set after Bonferroni adjust-
ment. GOSE was significantly increased in the RMNS 
group compared with the control group at 3  months 
(5 [IQR 3–7] vs. 4 [IQR 2–6], p = 0.002) and 6  months 
(6 [IQR 3–7] vs. 4 [IQR 2–7], p = 0.0005). Significantly 
more patients had favourable outcome in RMNS group 
at 3 months (106, 63.47% vs. 66, 40.74%, p < 0.0001) and 

6  months (115, 68.86% vs. 65, 40.12%, p < 0.0001). The 
FOUR score was significantly higher in RMNS group 
compared with the control group at day 28 (15 [13–16] 
vs. 13 [11–16], p = 0.002). Detailed results are shown in 
table S2. Results for all outcomes were similar on the per-
protocol analysis (table S3).

No difference was found in length of ICU stay after 
admission between groups (median 17  days [IQR 
12–22] in the control group vs. 18 days [IQR 13–25] in 
the RMNS group, p = 0.50). No difference was found in 
length of ventilation after admission between groups 
(median 0  days [IQR 0–10] in control group vs. 0  days 
[IQR 0–10] in RMNS group, p = 0.59).

During explorative latent class trajectory analysis, ran-
dom quadratic models were chosen based their better 
fitting performance (supplementary Table  S4). Trajec-
tory analysis for GCS score classified patients with TBI 
into four classes (supplementary Fig. S1 and table  S5, 
S6), i.e. class with very slow GCS improvement, slow 

Fig. 1 Trial profile. GCS Glasgow Coma Scale, GMS Glasgow Coma Scale Motor Part, RMNS right median nerve electrical stimulation, ITT intention to 
treat
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improvement, moderate improvement and rapid 
improvement. The Cochran–Armitage test showed that, 
compared with control group, significantly more patients 
in the RMNS group were present in classes with faster 
GCS improvement (p = 0.01). Further analysis showed 
that compared with the control group, significantly more 
patients who received the active treatment were allo-
cated to classes with faster CRS-R and DRS improvement 
(p = 0.004 and 0.04, respectively, supplementary Figs. S2, 
S3 and table S7, S8). Difference in FOUR score trajectory 
was not significant between groups (p = 0.32, supplemen-
tary Fig. S4, Table S9).

Additional post hoc subgroup analyses were performed 
to evaluate any effects on primary outcome (Fig. 4). The 
result of subgroup analysis showed similar results with 
the overall primary outcome analysis that consciousness 
rate was improved in RMNS group. None of the P values 
for interaction were significant in any subgroup analyses.

Complications were similar in both groups (Table  2). 
Eighty-nine (53.29%) of 167 patients in the RMNS group 
and 92 (56.79%) of 162 patients in the control group had 
at least one complication (p = 0.60, total of 126 events vs 
134 events). Most complications were common compli-
cations of severe TBI, and included pulmonary infection, 

Table 1 Baseline demographics and characteristics of the intention‑to‑treat population

Data are n (%) or median [IQR]. Some percentages can add up to more than 100% due to rounding. RMNS right median nerve electrical stimulation, GCS Glasgow 
coma scale, FOUR Full Outline of Unresponsiveness scale, CRS-R Coma Recovery Scale-Revised, DRS Disability Rating Scale. Statistical significance assessed using chi-
square test for categorical variables, and Wilcoxon rank sum test for continuous variables

Control (N = 162) RMNS (N = 167) p value

Demographic characteristics
 Gender

  Male (%) 118 (72.8) 115 (68.9) 0.502

  Female (%) 44 (27.2) 52 (31.1)

 Age (median [IQR], years old) 50 [39, 58] 48 [37, 56] 0.078

At admission
 Injury causes

  Road traffic incidence 94 (58) 101 (60.5) 0.760

  Fallen injury 39 (24.1) 36 (21.6)

  Violence 11 (6.8) 8 (4.8)

  Others 18 (11.1) 22 (13.2)

 Initial GCS (median [IQR]) 6 [5, 7] 6 [4, 7] 0.094

 Marshall Score (median [IQR]) 5 [3, 5] 5 [3, 5] 0.185

 Subarachnoid haemorrhage (%)

  Yes 137 (84.6) 150 (89.8) 0.207

  No 25 (15.4) 17 (10.2)

 Initial pupillary reflex (%)

  Both present 81 (50) 87 (52.1) 0.639

  One absent 31 (19.1) 36 (21.6)

  Both absent 50 (30.9) 44 (26.3)

 Operation (%)

  Yes 131 (80.9) 129 (77.2) 0.502

  No 31 (19.1) 38 (22.8)

At enrolment
 Systolic BP (median [IQR], mmHg) 130 [119, 138.75] 125 [116, 137] 0.062

 SpO2 (median [IQR], %) 99 [98, 100] 99 [98, 100] 0.109

 GCS (median [IQR]) 6 [5, 7] 6 [5, 7] 0.980

 Pupillary reflex (%)

  Both present 119 (73.5) 131 (78.4) 0.567

  One absent 15 (9.3) 13 (7.8)

  Both absent 28 (17.3) 23 (13.8)

 FOUR (median [IQR]) 9 [7, 11] 10 [7, 11] 0.671

 CRS-R (median [IQR]) 2 [2, 4] 2 [2, 4] 0.871

 DRS (median [IQR]) 26 [25, 27] 26 [25, 27] 0.956
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hydrocephalus, deep vein thrombosis, urinary tract infec-
tion, and central nervous system infection. Three patients 
in the RMNS group and one patient in the control group 

had seizures, which was controlled with diazepam and 
sodium valproate. One patient in the control group 
developed paroxysmal sympathetic hyperactivity. No 

Fig. 2 Percentage of patients who regained consciousness in both groups at 6 months after injury

Fig. 3 Cumulative incidence for consciousness and death in both groups
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patients experienced intracranial bleeding in RMNS 
group, and one patient was reported to have delayed 
epidural haemorrhage in the control group. No patients 
showed increases in intracranial pressure above pre-
treatment levels during the period of treatment in either 
group. There were no unexpected adverse events, or seri-
ous adverse events reported associated with the stimula-
tion device.

Discussion
In this trial involving participants with a traumatic coma 
7–14 days after brain injury, right median nerve electrical 
stimulation 8 h per day for two weeks showed a clinically 
meaningful effect on emergence from coma, as also on 
improvement of conscious level and functional outcome 

(e.g. GCS, CRS-R and DRS). Substantial limitations in 
trial design and conduct, including underpowering, 
incomplete blinding and risk of subjectivity in outcome 
assessments, however, warrant caution in drawing too 
strong conclusions. We do not consider the results of suf-
ficient strength to motivate implementation into clinical 
practice, and suggest the need for a confirmatory study, 
in which some of the weakness of the current trial can be 
addressed.

In our study, multiple secondary outcomes were 
evaluated at various time points after injury. These 
included the FOUR score and CRS-R score at 6 months 
(to describe the level of consciousness), and the GOSE 
and DRS (to characterise functional outcome). GOSE 
at 6  months were significantly better in the treatment 

Fig. 4 Subgroup analysis of consciousness rate. Shown are the results of subgroup analyses of the RMNS effect on consciousness rate. Ratios of 
consciousness in the RMNS group, as compared with the control group, are shown along with 95% confidence intervals. The results were adjusted 
for baseline variables including age, gender, GCS and CT findings
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group. These results suggest that transcutaneous elec-
trical stimulation has potential for improving functional 
recovery. Further, the trajectory analyses on different sec-
ondary outcome variables, which describe the course of 
recovery over 6 months post-injury, showed that patients 
receiving RMNS had more rapid improvement of GCS, 
CRS-R and DRS. Together, these data support the con-
cept that the intervention may be effective in improving 

conscious level and the overall functional outcome in 
patients of traumatic coma.

In this study, all participants had a TBI event 7–14 days 
before recruitment and were clinically diagnosed as being 
in coma. The present data indicate that RMNS treatment 
initiated in the acute coma stage may achieve meaningful 
improvement on regaining consciousness, beyond spon-
taneous recovery. Notably, the treatment was initiated 

Table 2 Adverse events in two groups

RMNS right median nerve electrical stimulation, PSH paroxysmal sympathetic hyperactivity, ARDS acute respiratory distress syndrome. Statistical significance assessed 
using chi-square test or Fisher’s exact test

Control group (N = 162) RMNS group (N = 167) p value

Any adverse events 92 (56.79%) 89 (53.29%) 0.60

Central nervous system
 Seizure 1 (0.62%) 3 (1.8%) 0.62

 PSH 1 (0.62%) 0 0.49

 Hydrocephalus 7 (4.32%) 8 (4.79%) 1

 Encephalitis infection 5 (3.09%) 3 (1.8%) 0.50

 Subdural hygroma 1 (0.62%) 0 0.49

 Epidural haemorrhage 1 (0.62%) 0 0.49

 Ischaemia cerebrovascular 1 (0.62%) 1 (0.6%) 1

 Diabetes insipidus 1 (0.62%) 1 (0.6%) 1

Respiratory system
 Pneumonitis 89 (54.94%) 82 (49.1%) 0.34

 Pleural effusion 5 (3.09%) 3 (1.8%) 0.50

 Pneumothorax 1 (0.62%) 1 (0.6%) 1

 ARDS 1 (0.62%) 0 0.49

Urinary system
 Bladder infection 4 (2.47%) 4 (2.4%) 1

 Acute kidney injury 1 (0.62%) 1 (0.6%) 1

Gastrointestinal system
 Gastric haemorrhage 5 (3.09%) 3 (1.8%) 0.50

 Alanine aminotransferase increased 4 (2.47%) 1 (0.6%) 0.21

Cardiovascular system
 Deep vein thrombosis 3 (1.85%) 3 (1.8%) 1

 Pulmonary embolism 0 1 (0.6%) 1

 Hypotension 0 1 (0.6%) 1

 Asystole 0 1 (0.6%) 1

Blood system
 Anaemia 3 (1.85%) 1 (0.6%) 0.37

 INR increased 1 (0.62%) 1 (0.6%) 1

 Bloodstream infection 0 2 (1.2%) 0.50

Others
 Skin ulceration 1 (0.62%) 2(1.2%) 1

 Electrolyte disturbance 1 (0.62%) 1 (0.6%) 1

 Ascites 2 (1.23%) 0 0.24

 Wound infection 2 (1.23%) 0 0.24

 Hypoalbuminemia 0 1 (0.6%) 1

 Drug allergy 0 1 (0.6%) 1



642

in the early post-injury period, and lasted for 2  weeks, 
meaning that the intervention was completed within 
28  days post-injury. This protocol was in accordance 
with the original methodology of treating coma patients 
at early stage [9] and provides an appropriate context for 
treatment, since the diagnosis of a prolonged disorder of 
consciousness (pDOC), is defined by the failure to regain 
consciousness at or beyond 28  days after disease onset 
[18, 19].

The technique used in this trial provides a non-invasive 
treatment for traumatic coma patients who are being 
cared for in intensive care or high dependency units. 
Compared with other invasive therapeutic choices, which 
are logistically difficult and have recognised hazards in 
the acute phase, RMNS involves no intracranial mechani-
cal insults, does not interrupt routine bedside activi-
ties, and appears not to increase complications. RMNS 
warrants future exploration, both for replication and to 
explore applicability in a wider therapeutic window and a 
broader etiological spectrum of disease.

Other options for improving conscious level in patients 
of TBI include pharmacologic, electromagnetic, mechan-
ical, sensory, and regenerative therapies [20–24]. Early 
intensive neurorehabilitation bundles, combining physi-
cal, occupational, speech/language, and neuropsycho-
logical therapy, appear to improve long-term functional 
recovery [25, 26]. However, much of the evidence regard-
ing treatments for pDOC involve small single-centre 
studies, and few interventions have been tested in appro-
priately powered multicenter studies [8]. Initially based 
on the indication or improving muscular power in par-
alysed limbs, right median nerve stimulation was first 
explored as an intervention aimed at coma arousal in 
small sample pilot studies [9], which were subsequently 
replicated in many countries [10, 11]. However, many of 
these studies had suboptimal design, and varied enor-
mously in terms of confounders, recruitment criteria, 
intervention window, and treatment duration. Follow-
ing the promising findings in a previous phase IIa study 
[12], we sought to address these deficiencies by employ-
ing early right median nerve stimulation, randomised 
design, and multicenter involvement. The results of the 
current study achieved similar treatment effects as in our 
previous study, and the levels of conscious patients were 
higher, implying an improvement of TBI management 
among centres. Thus, our results, combined with the pre-
vious evidence, provides useful evidence for benefit from 
an intervention likely to address the problem of coma 
after traumatic brain injury.

The role of neuromodulation through peripheral nerve 
stimulation is supported by reports of therapeutic poten-
tial in other recent publications [12, 27]. Right median 
nerve stimulation has also been employed in different 

diseases, including spinocerebellar ataxia [28], essential 
tremor [29], and autonomic nervous system dysfunc-
tion [30]. The cumulative incidence curve of our study 
showed long-term effects of RMNS treatment, and this 
trend was also observed in other studies [11, 12], with a 
similar electrical stimulation protocol as applied in this 
study. The mechanism behind it still requires further 
investigation, but may be due to that RMNS may raise the 
concentration of neurotrophins, such as brain-derived 
neurotrophic fact (BDNF), enhance synapses with ARAS, 
increase blood perfusion, and maintain stabilisation of 
neurotransmitters, leading to the survival of more neu-
rons and hastening the recovery of coma patients [31]. 
Besides, the curve also implied that the optimal time 
window of coma stimulation for comatose TBI patients 
should be within 3 months. Our current results provide 
a basis for cautious optimism that the option of RMNS 
may provide benefit in terms of coma emergence, beyond 
pharmaceutical or surgical choices available at the early 
stage.

The limitations of this trial include failure to reach the 
original target population due to the coronavirus dis-
ease 2019 (COVID-19) pandemic, which caused this trial 
to be underpowered. Although we trained centres for 
determining emergence from coma, including the date of 
obeying commands, we acknowledge that the pragmatic 
clinical bedside approach we adopted towards determin-
ing emergence from coma may have introduced an ele-
ment of subjectivity. Although the trial was intended to 
be blinded, this did not fully work out in practice since 
there was partial unblinding due to the muscle contrac-
tions in some patients of the intervention group. This 
experience is relevant to the design of future clinical tri-
als on median nerve stimulation, and we suggest that, 
for example, covering the right forearm might be con-
sidered during stimulation. The subjectivity of primary 
outcome in an unblinded, and underpowered trial set-
ting warrants a cautious interpretation of conclusions. 
We acknowledge that the primary outcome measure was 
not validated. Sedation may influence the primary end-
point assessment, which was minimised by halting seda-
tive agents before evaluation. Aiming to mitigate possible 
elements of subjectivity in determining emergence from 
coma, we used multiple endpoints, including CRS-R as 
semi-quantitative method. The consistency in results 
across different endpoints lends support to the efficacy 
signal. We also have no data on consecutive steps from 
comatose to full conscious status, no data on the level of 
cognitive function, psychological health measures, and no 
data in withdrawal of life-sustaining therapy. Withdrawal 
of life-sustaining therapy is, however, seldom practiced 
in China. The rehabilitation and surgical treatments of 
cranial defect and hydrocephalus in both groups are not 
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recorded. Our findings cannot be generalised to coma 
resulting from other etiologies, or DOC in TBI treated 
at later time points. Future clinical trials are important 
to validate these findings and its generalizability to dif-
ferent health care systems with various ethnicities. Addi-
tional data are needed to demonstrate the benefits as well 
as safety/harm of the intervention over one year or even 
longer term of follow-up. Our data do not provide any 
information on other protocols for RMNS stimulation.

We conclude that right median nerve stimulation, using 
the protocol that we adopted, applied within two weeks 
after TBI, and continued for 2  weeks, results in greater 
and more rapid emergence from coma at 6  months, 
when compared with control subjects. Right median 
nerve stimulation is a possible effective treatment to help 
achieve improvement in an acute coma following severe 
traumatic brain injury. If the benefit of the technique is 
confirmed in subsequent studies, it could provide a valu-
able addition to the management of patients with DOC.
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