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Objective: To investigate the efficacy of median nerve stimulation (MNS) combined with repetitive transcranial magnetic stimulation (rTMS), MNS alone, and rTMS alone in elevating the level of consciousness in patients with prolonged disorders of consciousness (pDOC).

Participants and methods: We enrolled 75 eligible inpatients suffering from pDOC as a result of traumatic or non-traumatic brain injury. Participants were randomly assigned to one of the following three treatment groups: (1) rTMS+sham-MNS; (2) MNS + sham-rTMS; or (3) MNS + rTMS. The rTMS protocol involved stimulation above the left dorsolateral prefrontal cortex at a 10 Hz frequency and 90% resting motor threshold. The MNS protocol involved the delivery of a 15–20 mA current at the median nerve point 2 cm from the wrist crease of the right distal forearm. The primary outcome was the change from baseline of the Coma Recovery Scale-Revised (CRS-R) score after treatment. Secondary outcomes included post-treatment changes from baseline of the Glasgow Coma Scale (GCS) score, awaken ratio, electroencephalography (EEG) scores, and the latency and amplitude of N20 on somatosensory evoked potentials.

Results: Before the intervention, there were no significant differences between groups in the CRS-R, GCS scores, age, duration of pDOC, clinical diagnosis, EEG scores, latency and amplitude of N20, sex, job, marital status, education level, or disease etiology. Within the three groups, the total CRS-R, GCS scores and amplitude of N20 on both side significantly increased and latency of N20 on poor side significantly decreased post-intervention. Significantly greater improvement in CRS-R, GCS total scores, amplitude of N20 on both side and latency of N20 on the poor side were observed in the MNS + TMS group compared to those of the groups receiving rTMS alone or MNS alone. The patients receiving TMS and MNS intervention showed a greater EEG activity improvement, and the EEG activity improved ratio significantly differ between groups, while there were no significant differences in the awakening ratios between the three groups.

Conclusion: The combination of MNS + rTMS was more efficacious in improving the level of consciousness than MNS alone or rTMS alone in patients with pDOC.
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1. Introduction

Approximately 10–15% of individuals develop disorders of consciousness (DOC) following severe acquired brain injuries or nervous system dysfunction (Andriessen et al., 2011). There are two essential elements of consciousness: arousal and content. Disruption one or both of these elements may result in DOC. Prolonged disorder of consciousness (pDOC) are defined by a coma condition usually lasting more than 28 days. In the United States, approximately 300,000 patients suffer from prolonged DOC (pDOC) (Giacino et al., 2018), whereas in Europe, the prevalence has been reported to be as high as 6.1 per 100,000 individuals (van Erp et al., 2014). In China, at least 300,000 to 500,000 patients have been diagnosed with DOC, with more than 70,000 new patients being diagnosed every year, resulting in an annual cumulative medical expenditure of 30 to 50 billion ￥ (Chen et al., 2020). DOC always leads to severe complications, including but not limited to pneumonia, digestive tract hemorrhage, and liver dysfunction, poor clinical outcomes, and high mortality rates. Within a year after experiencing DOC, 35% of patients will die, and only 40% will experience an improved level of consciousness (Nekrasova et al., 2021).

Many studies (Thibaut et al., 2019) have investigated means of elevating the level of consciousness in patients with DOC through pharmacological treatments (e.g., amantadine, zolpidem, or ziconotide), sensory stimulation (tactile, auditory, visual, gustatory, proprioceptive, or olfactory), musical therapy, electrical stimulation (invasive or non-invasive brain stimulation), hyperbaric oxygen therapy, acupuncture, massage, and traditional Chinese medicine-based therapies. Although there are several treatment options available for patients suffering from DOC, all have demonstrated limited efficacy.

There are currently no universally accepted treatments for increasing the level of consciousness among patients experiencing DOC as a result of traumatic or non-traumatic brain injury. Non-invasive neuromodulatory techniques (Feng et al., 2020) such as median nerve stimulation (MNS), repetitive transcranial magnetic stimulation (rTMS), transcranial direct current stimulation, and vagus nerve stimulation have emerged as potentially powerful tools to enhance the level of consciousness in patients with DOC, as assessed be behavioral assessments and other means.

MNS has been widely utilized in clinical practice as a promising wake-promoting treatment in patients with DOC for almost two decades since its effects were first reported in Yokohama et al. (1996). Several previous studies have shown that MNS can improve the level of consciousness in comatose patients following brain injury. Liu et al. (2008b) reported that MNS can influence the consciousness of patients in a comatose state and increase cerebral blood flow. Similarly, a randomized controlled study conducted by Nekkanti et al. (2016) demonstrated that patients with DOC regained consciousness after receiving 4 weeks of MNS treatment.

Over the past 10 years, rTMS has also been widely used in clinical practice to help patients with pDOC regain consciousness (Xia et al., 2018); however, the frequency parameters selected in the rTMS protocol differentially affect cortical excitability. Low frequency rTMS (≤1 Hz) reduces cortical excitability, whereas high frequency rTMS (≥5–20 Hz) increases it (Chervyakov et al., 2015). Naro et al. (2015) found that rTMS of 10 Hz applied over the dorsolateral prefrontal cortex can elevate the level of consciousness and restore connectivity within several cortical areas in patients in a vegetative state (VS), and He et al. (2018) found that rTMS applied at a frequency of 20 Hz induced long-lasting behavioral improvements along with significant changes in the electroencephalography (EEG) power spectra. A study of resting-state EEG conducted by Bai et al. (2016) found that rTMS can significantly increase the TMS-evoked potential perturbation complexity index in patients with DOC.

Collectively, these results suggest that MNS and rTMS are efficacious in improving the level of consciousness in such patients. However, to the best of our knowledge, no studies have investigated the effects of concomitant treatment with both rTMS and MNS in patients with DOC. Therefore, this study aimed to evaluate whether synergistic effects can be induced by combining central and peripheral neuromodulatory interventions through a randomized, single-blinded, controlled study by comparing the outcomes of patients receiving MNS + rTMS, MNS + sham-rTMS, and rTMS+sham-MNS as add-ons to routine interventions (i.e., pharmacotherapy, acupuncture, or hyperbaric oxygen).

In this study, our main hypothesis was that the combination of MNS and rTMS would improve the level of consciousness in patients with DOC compared to the effects of either MNS alone or rTMS alone.



2. Materials and methods


2.1. Study design

This clinical study was designed as a prospective, single-blinded, randomized, controlled trial, conducted at a single-center. The study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University (No. 2020–061-2). Written informed consent was obtained from the legal guardians or family members of all patients. The protocol was registered in the Chinese Clinical Trial Registry (Registration number: ChiCTR2100043784).



2.2. Participants and recruitment

The participants were recruited from the neurorehabilitation unit of the First Affiliated Hospital of Nanchang University from January 2021 to June 2022. The inclusion criteria were as follows: (1) clinical diagnosis of a vegetative state/unresponsive wakefulness syndrome (VS/UWS) or minimally conscious state (MCS), according to the standard criteria (Giacino et al., 2002; Laureys et al., 2010); (2) age ≥ 18 years; (3) pDOC with a traumatic, vascular, or anoxic etiology; (4) written informed consent for inclusion from each patient’s family members. The exclusion criteria were as follows: (1) a critical illness and unstable vital signs; (2) active cerebral hemorrhage; (3) the presence of metal objects in the brain; (4) the presence of a pacemaker; (5) unconsciousness resulting from other causes, such as that accompanied by intracranial infection; (6) epileptic seizures experienced within 1 month prior to enrolment which is a relative contraindication for rTMS treatment; and (7) pregnancy.



2.3. Randomization and blinding

Block randomization was used to allocate the participants at a 1:1:1 ratio to one of the following three groups: (1) the rTMS+sham-MNS group; (2) the MNS + sham-rTMS group; and (3) the MNS + rTMS group. An independent statistician from a center of evidence-based medicine generated and verified the random allocation sequence using the “plan” function of SAS software version 9.03 (SAS Institute, Inc), with a random block size of six. The random allocation sequences were concealed from the caregivers and therapists, as well as the physicians who were responsible for the patient management and behavioral assessments. The randomization table was concealed in a locked cabinet and was accessible only to the researcher performing the stimulation protocol. The patients were blinded to the stimulation protocol due to their loss of consciousness.



2.4. Interventions

All participants in the three groups received conventional rehabilitation including pharmacotherapy, acupuncture, and hyperbaric oxygen intervention.


2.4.1. Right MNS

The right forearm was placed in a supine position, and the median nerve around the wrist was located. The skin was wiped with an alcohol swab to facilitate contact and reduce skin resistance. A 7 cm × 5 cm rubber electrode was placed on the skin to deliver the electrical stimulation. The active stimulating electrode was placed 2 cm from the volar aspect of the right distal forearm over the median nerve, and the inactive electrode was affixed to the right thenar muscle. All electrodes were secured with adhesive tape. A neuromuscular electrical stimulator (Nuocheng Electric Ltd., Jiangxi, China) provided asymmetric biphasic pulse trains at a current amplitude of 15 to 20 mA (depending on the patient’s tolerance), a pulse width of 300 μs, and a frequency of 40 Hz. The stimulation was on for 20 s and off for 40 s. A slight contraction of the patient’s right hand after stimulation indicated that the intensity of the stimulation was satisfactory. The stimulation was performed for 8 h per day. Treatment was administered six times per week for 4 weeks.



2.4.2. Sham MNS

The anode of the electrode was placed on the right distal forearm over the median nerve without stimulation delivered.



2.4.3. rTMS

A Magstim R2 stimulator delivered the rTMS pulses with a figure-eight focusing coil (Magstim Co. Ltd., Whitland, United Kingdom). The coil was placed tangentially toward the scalp over the left dorsolateral prefrontal cortex (10/20 International EEG system position F3) for active stimulation. One daily rTMS intervention consisted of 1,000 pulses (10 Hz, 10 s). The trains were repeated 10 times, and the interval between trains was 60 s. The total time was 11 min 40 s at 90% of the resting motor threshold, defined as the minimum TMS intensity capable of evoking a muscle contraction resulting in at least five out of 10 surface electromyographic amplitudes larger than 50 μV peak-to-peak in the relaxed first dorsal interosseous muscle of the right hand. All patients assigned to a rTMS protocol received 10 sessions of rTMS six times per week for four consecutive weeks.



2.4.4. Sham rTMS

The coil was tilted 90° off the scalp to ensure the absence of a magnetic field output in the subsequent intervention stage.




2.5. Outcomes


2.5.1. Primary outcome

The pre- to post-intervention change (delta) in the Coma Recovery Scale-Revised (CRS-R) score was the primary outcome measure. The CRS-R assesses 23 items across six subscales, including visual, auditory, motor, oromotor, communication, and arousal functions (Giacino et al., 2004). The higher the total score, the higher the level of consciousness. CRS-R assessments were conducted at baseline and after treatment (at least five times a week) (Wannez et al., 2017) by an independent assessor who was blinded to the stimulation interventions.



2.5.2. Secondary outcomes


2.5.2.1. Delta GCS total scores

The pre- to post-intervention change (delta) in the Glasgow Coma Scale (GCS) score was assessed. The GCS assesses 15 items grouped into three subscales representing motor, eye, and verbal responses to determine the level of consciousness (Kebapçı et al., 2020). The GCS scores were measured by the same assessor at study entry and at the end of treatment.



2.5.2.2. The awakening ratio

An improvement in the clinical diagnosis, as determined by repeated CRS-R assessments, represents the gold standard for the diagnosis of pDOC (Wannez et al., 2017). VS/UWS is defined as a condition in which patients open their eyes but show no clinical evidence of consciousness (Laureys et al., 2010), and the most frequent signs of consciousness in MCS patients include fixation, visual pursuit, localization to noxious stimuli, reproducible movements in response to commands, and automatic motor responses, MCS minus (MCS−) patients show only lower level non-reflexive function, while MCS plus (MCS+) patients demonstrate more complex or purposeful behaviors, such as command following or intelligible verbalisation (Giacino et al., 2002). Emergence from an MCS is defined as an improvement in consciousness characterized by the ability to communicate precisely with others (i.e., family members or doctors) or being able to use objects (Machado et al., 2010). The VS/UWS state is the lowest level of consciousness, whereas emergence from MCS (EMCS) represents the highest level of consciousness in patients with DOC. The outcome was classified as “improved” if there was an improvement in the clinical diagnosis at the end of treatment compared to the diagnosis at the time of study entry (e.g., a patient classified as VS/UWS at study entry who improved to MCS−, MCS+, or emerged from MCS, or a patient classified as MCS− at study entry who experienced an elevation to MCS+ or emerged from MCS−). The clinical outcome was classified as “not improved” if the clinical diagnosis at the end of treatment was not an improvement over that at the time of study entry (i.e., a patient classified as VS/UWS at study entry whose state persisted, or a patient classified as MCS− at study entry who experienced a worsening to VS/UWS or maintained an MCS− status). The awakening ratio was calculated based on the number of participants whose diagnosis improved divided by the total number of participants.



2.5.2.3. EEG activity improved ratio

EEG recordings were conducted using Sierra Wave software (Cadwell Laboratories, Inc.). The 16-lead disc electrodes were placed according to the international 10/20 system standard, and the grading criteria followed Young’s grading scheme for DOC (Young et al., 1997). Grade I patients had delta/theta waves >50% of those recorded (not theta coma). Grade II patients exhibited triphasic waves. Grade III patients demonstrated burst-suppression. Grade IV patients showed alpha/theta/spindle coma (unreactive). Grade V patients exhibited epileptiform activity (no burst-suppression pattern). Grade VI patients demonstrated suppression of all EEG waves (< 20 μV). EEG scores were recorded before and after treatment. The higher the scores, the worse the EEG activity. The EEG outcome was classified as “improved” if the EEG scores at the end of treatment deceased over that at the time of study entry, if the EEG scores remained the same or increased compared that at the time of study entry, the EEG outcome were defined as “not improved.” The EEG improved ratio was calculated based on the number of participants whose EEG performance improved divided by the total number of participants.



2.5.2.4. Somatosensory evoked potentials

SEPs (Somatosensory evoked potentials) were recorded using Cadwell Sierra Wave software (Cadwell, Kennewick, WA, United States). The recording electrodes were placed 2 cm posterior to C3 & C4 according to the international 10/20 system standard, and the reference electrode was positioned at Fz. Stimulation was delivered to the median nerve point 2 cm from the volar aspect of the right distal forearm. Three SEP trials were recorded and analyzed. The bilateral N20 latencies (ms) and amplitudes (μV) were measured before and after treatment (if the damaged side was on the left, that was defined as the “poor” side and right side was defined as the “good” side). For example, a patient with left thalamic hemorrhage after stoke, then left side is poor side and right side is good. The delta latency and amplitude of N20 on both sides were defined as the pre- to post-intervention change in latency and amplitude of N20.





2.6. Study power and sample size calculation

The required sample size was calculated based on delta CRS-R total scores, the delta CRS-R scores after rTMS stimulation is 3.0 ± 2.0 according to a previous study by Ge et al. (2021). A previous study in our coma group determined that MNS can result in a 2.7 ± 1.7-point improvement in CRS-R scores. In addition, our pilot trial found the patients who underwent rTMS+MNS experienced a 5.5 ± 4.2-point increase in CRS-R scores. The required sample size was calculated based on one-way analysis of variance (ANOVA) F tests using PASS software (PASS 15.0, NSCC, LLC, United States). The formula is:

[image: image]

Si and Xi is the standard deviation and mean of delta CRS-R scores, X=[image: image], k = 3. With a type I error rate of 5% (α = 0.05) and 80% power (β = 0.20), the mean delta CRS-R scores in the three groups were 3.0, 2.7, and 5.5, respectively, with standard deviations of 2.0, 1.7, and 4.2, respectively. The estimated required sample size was 21 participants per group. Allowing for a 20% dropout rate during the study, a minimum total of 75 participants were needed to reach the target of 25 participants per group.



2.7. Statistical analysis

Continuous variables are expressed as the mean ± standard deviation, and categorical variables are expressed as counts and/or frequencies. The Shapiro–Wilk test was used to assess the normality of continuous variables. As the duration of pDOC departed significantly from the norm, the Kruskal-Wallis test was used to compare that variable between the three groups. Because the baseline and delta CRS-R, and GCS scores, and the latency and amplitude of N20 were normally distributed, these variables were compared between groups by ANOVA. Paired t-tests were used to analyze differences in CRS-R, GCS scores, latency and amplitude of N20 within groups before and after treatment. Baseline characteristics were compared between groups using Pearson’s chi-square tests for categorical variables (such as the awakening ratio, EEG activity, job, disease etiology, sex, marital status, and education level). All analyses were performed using the statistical package R (The R Foundation).1 A two-sided p value <0.05 was considered statistically significant.




3. Results


3.1. Description of the sample

The study flowchart is presented in Figure 1. The demographic and basic characteristics of the three groups are presented in Table 1. Out of the 85 patients who were screened for this study, 75 patients with pDOC (mean age: 57.13 ± 14.96 years) fulfilled the selection criteria, 34 of whom met the VS criteria and 41 of whom met the MCS criteria. The mean duration of pDOC was 61.53 ± 50.58 days, the mean CRS-R score was 6.35 ± 2.24, and the mean GCS score was 7.51 ± 1.81. Twenty-eight (37.3%) participants were women, and 38 (50.7%) had a condition with a vascular etiology. There were 63 (84%) participants with a pDOC duration ranging from 28 to 90 days. No participants were lost to follow-up, and none discontinued the intervention. There were no significant differences between the three groups in terms of the baseline CRS-R, GCS, EEG scores, amplitude and latency of N20, age, duration of pDOC, clinical diagnosis, sex, job, marital state, education level, or etiology.

[image: Figure 1]

FIGURE 1
 Study flowchart.




TABLE 1 Demographic and clinical characteristics of pDOC patients in the three groups.
[image: Table1]



3.2. CRS-R total scores

The baseline, post-treatment, and delta CRS-R total scores were normally distributed and were analyzed by paired t-tests within groups. The delta CRS-R scores were analyzed by ANOVA between groups. The results of these analyses are shown in Figure 2. Within the three groups, the total CRS-R scores were significantly increased post-intervention compared with the respective values measured before treatment (Figures 2A–C). The between-group comparisons revealed that the delta CRS-R scores in the MNS + TMS group were significantly higher than those in the groups receiving TMS alone or MNS alone (Figure 2D). The mean delta CRS-R scores in the three groups were 3.48 ± 2.45, 3.56 ± 2.22, and 6.12 ± 4.16 in the three groups, respectively.

[image: Figure 2]

FIGURE 2
 CRS-R total scores following 4 weeks of treatment for the rTMS alone, MNS alone and rTMS+MNS groups. A significant increase in the CRS-R scores compared with pre-treatment in the (A) rTMS alone, (B) MNS alone and (C) rTMS+MNS. (D) The changes in CRS-R scores between the three groups were statistically significant. ***means p < 0.001.




3.3. GCS total scores

Paired t-tests were used to analyze the differences in the GCS total scores within groups before and after intervention, and ANOVA tests were used to compare the differences in the GCS total scores between the three groups. The results of these analyses are shown in Figure 3. There were significant increases in the GCS total scores after intervention compared with the baseline values in the three groups (Figures 3A–C). Significantly higher delta GCS scores were observed in the MNS + TMS group compared to those of the groups receiving rTMS alone or MNS alone (Figure 3D). The mean delta GCS scores in the three groups were 1.60 ± 1.66, 1.65 ± 1.32, and 3.72 ± 1.97, respectively.

[image: Figure 3]

FIGURE 3
 GCS total scores following 4 weeks of treatment for the rTMS alone, MNS alone and rTMS+MNS groups. A significant increase in the GCS scores compared with pre-treatment in the (A) rTMS alone, (B) MNS alone and (C) rTMS+MNS. (D) The changes in GCS scores between the three groups were statistically significant. ***means p < 0.001.




3.4. The awakening ratio

The clinical diagnoses before and after treatment and the improvements in consciousness level in the three groups are presented in Table 2. In the group receiving TMS alone, 12 (48%) participants exhibited an improvement in their clinical diagnosis, including four of the 12 patients with a VS diagnosis at entry who were elevated to MCS− or MCS+ and eight of the 13 individuals with a MCS− diagnosis at entry who were improved to MCS+ or EMCS. Among all the patients in the group receiving MNS alone, 13 (52%) experienced an improved outcome in terms of the clinical diagnosis. Five of 11 patients with a baseline VS diagnosis had an improved diagnosis of MCS− or MCS+ post-intervention, and only 5/14 participants with an MCS− diagnosis at entry had the same diagnosis post-intervention. In addition, our results demonstrated that 6/11(54.5%) patients with a VS diagnosis before treatment retained their VS status post-intervention in the MNS + TMS group, whereas 12/14(85.7%) patients with an MCS− diagnosis had an improved diagnosis of MCS+ or EMCS post-treatment. The awakening ratio did not significantly differ between groups, with 68% participants in the TMS + MNS group showing improvement, compared with 48 and 52% in the groups receiving TMS alone or MNS alone (Table 3).



TABLE 2 Clinical diagnosis pre- and post-treatment and the improvements in consciousness level in the three groups.
[image: Table2]



TABLE 3 Comparison of electroencephalogram (EEG) activity improvement among the three groups of patients.
[image: Table3]



3.5. EEG activity

After the intervention at the end of 1 month, in the group of TMS alone, 17 (68%) participants showed an improvement in their EEG activity. Among all the patients in the group receiving MNS alone, 16 (64%) exhibited an improved outcome in terms of the EEG scores. Moreover, our results demonstrated that 21(84%) patients experienced an improved EEG performance post-treatment in the MNS + TMS group. The EEG activity improved ratio significantly differ between groups, with 84% participants in the TMS + MNS group showing improvement, compared with 68 and 64% in the groups receiving TMS alone or MNS alone, and the patients receiving TMS and MNS intervention show a greater EEG activity improvement.



3.6. SEPs

Before treatment, three, three, and four patients exhibited an absence of N20 on the “poor” side in the rTMS, MNS, and MNS + rTMS groups, respectively. At the end of treatment, only two patients in MNS + rTMS group showed an absence of N20 on the “poor” side. The latencies and amplitudes on both sides did not significantly differ between the three groups. The latencies of N20 on the “good” side were 20.57 ± 1.20 ms, 21.17 ± 1.93 ms, and 20.77 ± 1.27 ms in the rTMS, MNS, and rTMS+MNS groups, respectively, all of which were shorter than those measured on the “poor” sides (25.36 ± 3.23 ms, 25.93 ± 4.27 ms, and 25.73 ± 2.35 ms, respectively). There were significant decrease in the latency of N20 on the poor sides after intervention compared with the baseline values in the three groups, whereas the decrease measured on the “good” side were not (Figures 4A–C). Significantly greater delta latency of N20 on the poor side were observed in the MNS + TMS group compared to those of the groups receiving rTMS alone or MNS alone, while no statistically significant changes in latency of N20 on good side between the three groups were showed (Figure 4D). The amplitudes of N20 on the “good” side were 1.74 ± 1.13 μV, 1.95 ± 1.51 μV, and 2.04 ± 1.57 μV in the rTMS, MNS group, and rTMS+MNS groups, respectively, all of which were higher than those measured on the “poor” sides (1.03 ± 0.96 μV, 1.02 ± 1.28 μV, and 0.78 ± 0.61 μV, respectively). There were significant increases in the amplitude of N20 on both sides after intervention compared with the baseline values in the three groups (Figures 4E–G). Significantly higher delta amplitude of N20 were observed in the MNS + TMS group compared to those of the groups receiving rTMS alone or MNS alone (Figure 4H).

[image: Figure 4]

FIGURE 4
 Latency and amplitude of N20 following 4 weeks of treatment for the rTMS alone, MNS alone and rTMS+MNS groups. A significant decrease in the latency of N20 on the poor sides after intervention compared with the baseline values in the (A) rTMS alone, (B) MNS alone and (C) rTMS+MNS, whereas the decrease measured on the “good” side were not. (D) The changes in latency of N20 on poor side between the three groups were statistically significant. No statistically significant changes in latency of N20 on good side between the three groups were showed. A significant increase in the amplitude of N20 on the both side compared with pre-treatment in the (E) rTMS alone, (F) MNS alone and (G) rTMS+MNS. (H) The changes in amplitude of N20 on both side between the three groups were statistically significant. rTMS, repetitive transcranial magnetic stimulation; MNS, median nerve stimulation; *means p < 0.05, **means p < 0.01, ***means p < 0.001.





4. Discussion

pDOC is a serious functional disorder that occurs after experiencing a severe traumatic or non-traumatic brain injury, and it is always accompanied by severe complications that lead to poor clinical outcomes and high mortality rates (Kondziella et al., 2020). Moreover, the incidence of pDOC has continued to increase in recent years (Liu S. et al., 2022). Therefore, identifying optimal comprehensive neuromodulatory methods could play a crucial role in managing pDOC and helping patients regain consciousness.

MNS is a peripheral nerve electrical stimulation treatment technique (Feller et al., 2021). The right median nerve is generally selected for electrical stimulation in the treatment of comatose patients. The technique has been widely used due to its inherent advantages, which include the fact that it is non-invasive, safe, and simple to perform. A previous study conducted by Liu et al. (2008a) demonstrated that MNS stimulation can improve GCS scores by 2 points and increase regional cerebral perfusion in comatose patients. A randomized, controlled trial by Lei et al. (2015) showed that patients in groups receiving MNS experienced an elevation in GCS scores of 2.2 points, and 122 (59.8%) patients regained consciousness. Another study by Liu Y. S. et al. (2022) demonstrated a significant increase in CRS-R scores by 3.8 points and an awakening ratio of 53.8% in those treated with MNS, along with an improvement in EEG characteristics. In the present study, the GCS and CRS-R scores were improved by 1.6 and 3.65 points, respectively, and 13 (52%) patients experienced an elevation of the level of consciousness. The patients in the present study experienced a smaller increase in the GCS scores, and the awakening ratio was lower compared to those in the study by Liu et al. There are two possibilities to explain these results. First, the duration of DOC in this study (61.53 days) was longer than that in Liu’s study (48.4 days). Second, the mean age of the patients in Liu’s cohort (42.5 years) was younger than that of the participants in our study (57.13 years). As an effective and non-invasive stimulation technique, MSN can promote wakefulness through several mechanisms. The first is that the spinoreticular component of median neurons is directly involved in the ascending reticular activating system (ARAS) (Cooper et al., 2005). The ARAS is an important pathway for sensory conduction, as it transmits a variety of internal and external stimuli to the neurons of the cerebral cortex to maintain a state of wakefulness (Kwak and Chang, 2020). Electrical stimulation of the median nerve transmits excitatory impulses through the ARAS to the cerebral cortex. The latency of N20 increases, whereas the amplitude decreases after ARAS injury, with the degree of damage being related to the level of consciousness. The present study found that the amplitudes of N20 improved and the latencies decreased after MNS stimulation, which indicated that MNS could enhance the ARAS. Second, MNS stimulation can increase the level of neurotrophic factors, such as brain-derived neurotrophic factor, and neurotransmitters such as orexins. Our previous animal study found that MNS exerted wake-promoting effects in comatose rats after traumatic brain injury by upregulating orexin-A and BDNF (Feng and Du, 2016). Third, Liu et al. (2008a) found that MNS can increase cerebral blood flow in comatose patients. Finally, the ability of MNS to enhance cerebral cortex activity, reduce brain inhibition, and improve EEG activity was supported by the findings of Buitrago et al. (2004).

As a brain stimulation technique, the safety and efficacy of high frequency rTMS have been reported by several studies (Formica et al., 2021). The first study investigating the effects of rTMS in patients with DOC was published in 2009 by Louise-Bender Pape et al. (2009). A previous study by Ge et al. (2021) demonstrated that the mean delta CRS-R total scores increased by 3 points in the rTMS group, and rTMS stimulation was capable of improving the latency of motor-evoked potentials. Legostaeva et al. (2019) reported a mean increase in CRS-R total scores of 2.1 points, and a prospective single-blinded study by Xia et al. (2017) indicated that the technique resulted in a significant improvement in CRS-R scores by 2.2 points, with an awakening ratio of 56.2%. The latter study also reported an increase in the delta band in the frontal lobe. Yet another randomized, controlled, double-blinded study by Fan et al. (2022) reported a mean change in CRS-R scores of 3.3 points following rTMS, with half of all patients experiencing an improvement in their level of consciousness. In the present study, 12 (48%) patients exhibited an improvement in the clinical diagnosis at the end of treatment and an increase in CRS-R scores of 3.65 points; these findings are consistent with those of Ge et al. and Fan et al. Possible mechanisms for the awakening effects have been reported by several studies. Jang and Kwon (2020) demonstrated increases in neural tract volume in the right prefrontal lobe of the upper ARAS after rTMS treatment in a patient with stroke who was experiencing DOC. Moreover, two brain perfusion studies (Xie et al., 2011; Liu et al., 2016) demonstrated that rTMS can significantly increase regional cerebral blood flow and cerebral blood velocity in patients with pDOC, and Zhang et al. (2021) found that rTMS can improve the excitability of the cerebral cortex.

Although MNS or TMS alone can improve the level of consciousness in patients with pDOC, neurorehabilitation in such cases is a long process that is associated with great clinical challenges (Feng et al., 2020; O'Neal et al., 2021). With the increasing needs and expectations for the rehabilitation of patients suffering from pDOC as a result of brain injury, certain limitations have emerged in relation to the use of MNS or rTMS alone to promote wakefulness (Shou et al., 2021). Thus, the results of this study are novel in that we investigated the combined use of both interventions in elevating the level of consciousness of patients with pDOC compared to the effects of either intervention alone. While patients in all three groups experienced significant improvements in the behavioral assessment scores compared to those measured at baseline before treatment, the patients in the MNS + rTMS group experienced a significantly greater increase in the CRS-R and GCS total scores compared to those of the groups receiving MNS or rTMS alone. The awakening ratios were 48, 52, and 65% in the rTMS, MNS, and MNS + rTMS groups. Additionally, the EEG score as well as the N20 latencies on the poor side were significantly decreased after treatment compared to the values measured before treatment, whereas the N20 amplitudes on the both sides after treatment were significantly higher compared to baseline levels. In the patients treated with MNS + rTMS, there were greater decreases in the EEG scores and N20 latencies on the “poor” side, along with a greater increase in N20 amplitudes on both sides, indicating that rTMS combined with MNS had a significantly greater wake-promoting effect on patients with pDOC, possibly due to synergistic effects of the two techniques in terms of improving cerebral cortical excitability and ARAS transmission. The improvements in the behavioral assessment scores, EEG activity, and the N20 amplitudes in the rTMS+MNS group were superior to those experienced by the groups receiving rTMS or MNS alone, probably because MNS stimulation was delivered at the same time as the rTMS intervention, resulting in the enhancement of the wake-promoting effects of the two treatments. As a somatosensory stimulation technique, MNS could enhances the effect of rTMS on increasing the cerebral cortical excitability and the ARAS through the brainstem reticular system and thalamus, increasing the level of consciousness in patients with DOC. Therefore, we believe that MNS and rTMS synergistically enhance the level of consciousness in patients with pDOC.

There are several limitations in our study. First, due to a small sample size, treatment effect was not allowed to analysis between the different diagnostic groups. Second, the treatment period was 1 month, and no long-term follow-up results were analyzed, leaving the long-term effects of the different treatment unclear.

In conclusion, both rTMS and MNS are clinically efficacious in improving the level of consciousness, EEG activity, and N20 amplitudes, while decreasing the N20 latencies in patients with pDOC. However, the combined use of MNS + rTMS was superior to either MNS or rTMS alone in improving the level of consciousness in such patients. The two interventions could synergistically enhance the effects of either individual treatment, possibly by improving cerebral cortical excitability and SEPs.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

QX conducted the experiment proper and prepared the manuscript. KL, YT, and WY responsible for the management of patients. YuZ and YaZ performed the repeated diagnosis and collected the data. YW performed the statistical analysis of the data. ZF secured funding for the project. All authors have read and approved the final manuscript.



Funding

This study was funded by the Major Research Development Program of Jiangxi Province (grant no. 20202BBG72002).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1   http://www.R-project.org



References

 Andriessen, T. M., Horn, J., Franschman, G., Van Der Naalt, J., Haitsma, I., Jacobs, B., et al. (2011). Epidemiology, severity classification, and outcome of moderate and severe traumatic brain injury: A prospective multicenter study. J. Neurotrauma 28, 2019–2031. doi: 10.1089/neu.2011.2034 

 Bai, Y., Xia, X., Kang, J., Yin, X., Yang, Y., He, J., et al. (2016). Evaluating the effect of repetitive transcranial magnetic stimulation on disorders of consciousness by using TMS-EEG. Front. Neurosci. 10:473. doi: 10.3389/fnins.2016.00473 

 Buitrago, M. M., Luft, A. R., Thakor, N. V., Blue, M. E., and Hanley, D. F. (2004). Effects of somatosensory electrical stimulation on neuronal injury after global hypoxia-ischemia. Exp. Brain Res. 158, 336–344. doi: 10.1007/s00221-004-1906-1

 Chen, W. G., Li, R., Zhang, Y., Hao, J. H., Du, J. B., Guo, A. S., et al. (2020). Recovery from prolonged disorders of consciousness: A dual-center prospective cohort study in China. World J. Clin. Cases 8, 2520–2529. doi: 10.12998/wjcc.v8.i12.2520 

 Chervyakov, A. V., Chernyavsky, A. Y., Sinitsyn, D. O., and Piradov, M. A. (2015). Possible Mechanisms Underlying the Therapeutic Effects of Transcranial Magnetic Stimulation. Front. Hum. Neurosci. 9:303. doi: 10.3389/fnhum.2015.00303

 Cooper, E. B., Scherder, E. J., and Cooper, J. B. (2005). Electrical treatment of reduced consciousness: Experience with coma and Alzheimer’s disease. Neuropsychol. Rehabil. 15, 389–405. doi: 10.1080/09602010443000317 

 Fan, J., Zhong, Y., Wang, H., Aierken, N., and He, R. (2022). Repetitive transcranial magnetic stimulation improves consciousness in some patients with disorders of consciousness. Clin. Rehabil. 36, 916–925. doi: 10.1177/02692155221089455 

 Feller, D., Vinante, C., Trentin, F., and Innocenti, T. (2021). The effectiveness of median nerve electrical stimulation in patients with disorders of consciousness: A systematic review. Brain Inj. 35, 385–394. doi: 10.1080/02699052.2021.1887522 

 Feng, Z., and Du, Q. (2016). Mechanisms responsible for the effect of median nerve electrical stimulation on traumatic brain injury-induced coma: Orexin-A-mediated N-methyl-D-aspartate receptor subunit Nr1 upregulation. Neural Regen. Res. 11, 951–956. doi: 10.4103/1673-5374.184494 

 Feng, Y., Zhang, J., Zhou, Y., Bai, Z., and Yin, Y. (2020). Noninvasive brain stimulation for patients with a disorder of consciousness: A systematic review and meta-analysis. Rev. Neurosci. 31, 905–914. doi: 10.1515/revneuro-2020-0033 

 Formica, C., De Salvo, S., Corallo, F., Alagna, A., Logiudice, A. L., Todaro, A., et al. (2021). Role of neurorehabilitative treatment using transcranial magnetic stimulation in disorders of consciousness. J. Int. Med. Res. 49:300060520976472. doi: 10.1177/0300060520976472

 Ge, X., Zhang, Y., Xin, T., and Luan, X. (2021). Effects of 10 Hz repetitive transcranial magnetic stimulation of the right dorsolateral prefrontal cortex in the vegetative state. Exp. Ther. Med. 21:206. doi: 10.3892/etm.2021.9626 

 Giacino, J. T., Ashwal, S., Childs, N., Cranford, R., Jennett, B., Katz, D. I., et al. (2002). The minimally conscious state: Definition and diagnostic criteria. Neurology 58, 349–353. doi: 10.1212/WNL.58.3.349

 Giacino, J. T., Kalmar, K., and Whyte, J. (2004). The Jfk coma recovery scale-revised: Measurement characteristics and diagnostic utility. Arch. Phys. Med. Rehabil. 85, 2020–2029. doi: 10.1016/j.apmr.2004.02.033 

 Giacino, J. T., Katz, D. I., Schiff, N. D., Whyte, J., Ashman, E. J., Ashwal, S., et al. (2018). Comprehensive systematic review update summary: Disorders of consciousness: Report of the guideline development, dissemination, and implementation subcommittee of the American Academy of neurology; the American congress of rehabilitation medicine; and the National Institute on disability, independent living, and rehabilitation research. Arch. Phys. Med. Rehabil. 99, 1710–1719. doi: 10.1016/j.apmr.2018.07.002 

 He, F., Wu, M., Meng, F., Hu, Y., Gao, J., Chen, Z., et al. (2018). Effects of 20 Hz repetitive transcranial magnetic stimulation on disorders of consciousness: A resting-state electroencephalography study. Neural Plast. 2018:5036184. doi: 10.1155/2018/5036184

 Jang, S. H., and Kwon, Y. H. (2020). Effect of repetitive transcranial magnetic stimulation on the ascending reticular activating system in a patient with disorder of consciousness: A case report. BMC Neurol. 20:37. doi: 10.1186/s12883-020-1607-9 

 Kebapçı, A., Dikeç, G., and Topçu, S. (2020). Interobserver reliability of Glasgow coma scale scores for intensive care unit patients. Crit. Care Nurse 40, E18–E26. doi: 10.4037/ccn2020200 

 Kondziella, D., Bender, A., Diserens, K., Van Erp, W., Estraneo, A., Formisano, R., et al. (2020). European academy of neurology guideline on the diagnosis of coma and other disorders of consciousness. Eur. J. Neurol. 27, 741–756. doi: 10.1111/ene.14151 

 Kwak, S., and Chang, M. C. (2020). Impaired consciousness due to injury of the ascending reticular activating system in a patient with bilateral pontine infarction: A case report. Transl. Neurosci. 11, 264–268. doi: 10.1515/tnsci-2020-0138 

 Laureys, S., Celesia, G. G., Cohadon, F., Lavrijsen, J., León-Carrión, J., Sannita, W. G., et al. (2010). Unresponsive wakefulness syndrome: A new name for the vegetative state or Apallic syndrome. BMC Med. 8:68. doi: 10.1186/1741-7015-8-68 

 Legostaeva, L., Poydasheva, A., Iazeva, E., Sinitsyn, D., Sergeev, D., Bakulin, I., et al. (2019). Stimulation of the angular gyrus improves the level of consciousness. Brain Sci. 9:103. doi: 10.3390/brainsci9050103 

 Lei, J., Wang, L., Gao, G., Cooper, E., and Jiang, J. (2015). Right median nerve electrical stimulation for acute traumatic coma patients. J. Neurotrauma 32, 1584–1589. doi: 10.1089/neu.2014.3768 

 Liu, S., Gao, Q., Guan, M., Chen, Y., Cheng, S., Yang, L., et al. (2022). Effectiveness of transcranial direct current stimulation over dorsolateral prefrontal cortex in patients with prolonged disorders of consciousness: A systematic review and meta-analysis. Front. Neurol. 13:998953. doi: 10.3389/fneur.2022.998953 

 Liu, P., Gao, J., Pan, S., Meng, F., Pan, G., Li, J., et al. (2016). Effects of high-frequency repetitive transcranial magnetic stimulation on cerebral hemodynamics in patients with disorders of consciousness: A sham-controlled study. Eur. Neurol. 76, 1–7. doi: 10.1159/000447325 

 Liu, J. T., Lee, J. K., Chang, P. J., and Sun, C. M. (2008a). Increased regional cerebral perfusion in contralateral motor and somatosensory areas after median nerve stimulation therapy. Controlled Clinical Trial 101, 65–70. doi: 10.1007/978-3-211-78205-7_11 

 Liu, J. T., Lee, J. K., Tyan, Y. S., Liu, C. Y., and Lin, T. B. (2008b). Change in cerebral perfusion of patients with coma after treatment with right median nerve stimulation and hyperbaric oxygen. Neuromodulation 11, 296–301. doi: 10.1111/j.1525-1403.2008.00179.x 

 Liu, Y. S., Liu, Z. B., Yang, Z., Zhao, L., and Li, H. L. (2022). Clinical efficacy of hyperbaric oxygen combined with different timings of right median-nerve electrical stimulation in patients with brain injury-induced disorders of consciousness. Brain Behav. 12:E2716. doi: 10.1002/brb3.2716

 Louise-Bender Pape, T., Rosenow, J., Lewis, G., Ahmed, G., Walker, M., Guernon, A., et al. (2009). Repetitive transcranial magnetic stimulation-associated neurobehavioral gains during coma recovery. Brain Stimul. 2, 22–35. doi: 10.1016/j.brs.2008.09.004 

 Machado, C., Perez-Nellar, J., Rodríguez, R., Scherle, C., and Korein, J. (2010). Emergence from minimally conscious state: Insights from evaluation of posttraumatic confusion. Neurology 74, 1156–1157. doi: 10.1212/WNL.0b013e3181d5df0d 

 Naro, A., Russo, M., Leo, A., Bramanti, P., Quartarone, A., and Calabro, R. S. (2015). A single session of repetitive transcranial magnetic stimulation over the dorsolateral prefrontal cortex in patients with unresponsive wakefulness syndrome: Preliminary results. Neurorehabil. Neural Repair 29, 603–613. doi: 10.1177/1545968314562114 

 Nekkanti, S., Shaik, R., Mondem, S., Meruva, N., and Elumalai, G. (2016). Effect of Right Median Nerve Stimulation on Level of Consciousness in Traumatic Brain Injury Subjects. Asian J. Pharm. Res. Health Care 8, 67–71. doi: 10.18311/ajprhc/2016/751

 Nekrasova, J., Kanarskii, M., Borisov, I., Pradhan, P., Shunenkov, D., Vorobiev, A., et al. (2021). One-year demographical and clinical indices of patients with chronic disorders of consciousness. Brain Sci. 11:651. doi: 10.3390/brainsci11050651 

 O'Neal, C. M., Schroeder, L. N., Wells, A. A., Chen, S., Stephens, T. M., Glenn, C. A., et al. (2021). Patient outcomes in disorders of consciousness following transcranial magnetic stimulation: A systematic review and meta-analysis of individual patient data. Front. Neurol. 12:694970. doi: 10.3389/fneur.2021.694970

 Shou, Z., Li, Z., Wang, X., Chen, M., Bai, Y., and Di, H. (2021). Non-invasive brain intervention techniques used in patients with disorders of consciousness. Int. J. Neurosci. 131, 390–404. doi: 10.1080/00207454.2020.1744598 

 Thibaut, A., Schiff, N., Giacino, J., Laureys, S., and Gosseries, O. (2019). Therapeutic interventions in patients with prolonged disorders of consciousness. Lancet Neurol. 18, 600–614. doi: 10.1016/S1474-4422(19)30031-6

 Van Erp, W. S., Lavrijsen, J. C., Van De Laar, F. A., Vos, P. E., Laureys, S., and Koopmans, R. T. (2014). The vegetative state/unresponsive wakefulness syndrome: A systematic review of prevalence studies. Eur. J. Neurol. 21, 1361–1368. doi: 10.1111/ene.12483 

 Wannez, S., Heine, L., Thonnard, M., Gosseries, O., and Laureys, S. (2017). The repetition of behavioral assessments in diagnosis of disorders of consciousness. Ann. Neurol. 81, 883–889. doi: 10.1002/ana.24962 

 Xia, X., Bai, Y., Zhou, Y., Yang, Y., Xu, R., Gao, X., et al. (2017). Effects of 10 Hz repetitive transcranial magnetic stimulation of the left dorsolateral prefrontal cortex in disorders of consciousness. Front. Neurol. 8:182. doi: 10.3389/fneur.2017.00182 

 Xia, X., Yang, Y., Guo, Y., Bai, Y., Dang, Y., Xu, R., et al. (2018). Current status of neuromodulatory therapies for disorders of consciousness. Neurosci. Bull. 34, 615–625. doi: 10.1007/s12264-018-0244-4 

 Xie, Y., He, W., and Hu, Y. (2011). Effect on cerebral blood flow velocity and electroneurophysiology in unconscious patients with brain injury after repetitive transcranial magnetic stimulation. Chin. J. Clinicians 5, 5375–5379. doi: 10.3877/cma.j.issn.1674-0785.2011.18.030

 Yokohama, T., Kamei, Y., and Kanno, T. (1996). Right median nerve stimulation for comatose patients. Soc. Treat. Coma 5, 117–125.

 Young, G. B., Kreeft, J. H., and Demelo, J. D. (1997). An electroencephalographic classification for coma. Can. J. Neurol. Sci. 24, 320–325. doi: 10.1017/S0317167100032996 

 Zhang, X. H., Han, P., Zeng, Y. Y., Wang, Y. L., and Lv, H. L. (2021). The clinical effect of repetitive transcranial magnetic stimulation on the disturbance of consciousness in patients in a vegetative state. Front. Neurosci. 15:647517. doi: 10.3389/fnins.2021.647517 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of single and combined median nerve stimulation and repetitive transcranial magnetic stimulation in patients with prolonged disorders of consciousness: a prospective, randomized, single-blinded, controlled trial



		1. Introduction



		2. Materials and methods



		2.1. Study design



		2.2. Participants and recruitment



		2.3. Randomization and blinding



		2.4. Interventions



		2.4.1. Right MNS



		2.4.2. Sham MNS



		2.4.3. rTMS



		2.4.4. Sham rTMS









		2.5. Outcomes



		2.5.1. Primary outcome



		2.5.2. Secondary outcomes



		2.5.2.1. Delta GCS total scores



		2.5.2.2. The awakening ratio



		2.5.2.3. EEG activity improved ratio



		2.5.2.4. Somatosensory evoked potentials















		2.6. Study power and sample size calculation



		2.7. Statistical analysis









		3. Results



		3.1. Description of the sample



		3.2. CRS-R total scores



		3.3. GCS total scores



		3.4. The awakening ratio



		3.5. EEG activity



		3.6. SEPs









		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/cover.jpg
, frontiers | Frontiers in Aging Neuroscience

Eeff ct of single and combined
median nerve stimulation and
repetitive transcranial magnetic
stimulation in patients with
prolonged disorders of
consciousness: a prospective,
randomized, single-blinded,
controlled trial












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Aging Neuroscience






OPS/images/fnagi-15-1112768-g003.jpg
GCS total scores

GCS total scores

4 14
2 12
g 10
2 &
@
4]
o
&
E 4
2
Pre-treatment Post-treatment Pre-teatment Post-treatment
FTMS alone group MNS alone group
D
® 0
14
& =6.9 P=0.001
12
g o
g
L
10 z,
@
8
@
8 s
T
82
&
o
4 —_—
Pre- Post- 2
Tesiesient oot Sentment TN alone MNS alone TMS#MNS
Groups

FTMS+MNS group





OPS/images/fnagi-15-1112768-g004.jpg
N20 latency(ms)

B [ D
= - & . 2
W0 ~ -~
B b eanert s 1 vl eatent 00526 Pi00s E-t3 1z
[ e et o
3 35| B8 aertearen: 1 _
2 z o
£ 7 =
H g 3
B 3 ]
2 s 5 2
g = s i £
ns 22 2 e TMS alone
& B8 NS alone
2 2
T N T T -10
good side. poor side good sidepoor side good side poor side good side poor side
(M group MNS group FTMSHMINS group
F G H
- ~ B rims aone.
* 3 before reaiment s olono
6 B before eatment B afe etment 8 F— 4 T MM
B aferetnent 6 . 5 | fanyo
g - 5 3o %o
3 £ H ] £
g £ £4 22
s o S s
g2 2, g 2
2 84
0 LI .
good side  poor side good side poor side good side  poor side goodside  poor side
(TMS group MNS group FTMS+MNS group





OPS/images/fnagi-15-1112768-g001.jpg
enroliment

Assessed for eligibility(n=85)

Excluded(n=10)
unstable clinical state 3
active cerebral hemorrhage 1

[—————®  metal obiects or pacemaker 4
intracranial infection 1
A epileptic seizures within 1 month 1
Randomized (n=75)
y v A J

Allocated to rTMS alone group(
Received allocated intervention

Allocated to MNS alone group
Received allocated intervention(t

Allocated to rTMS+MNS group(n=25)
Received allocated intervention(n=25)

Follow-up

v

A A

Lost to follow-up(n=0)
Discontinued intervention(n=0)

Discontinued intervention(n=0)

Lost to follow-up(n=0)

Lost to follow-up(n=0)
Discontinued intervention(n=0)

Analysis

v

A J

vy

Analysed(n=25)

Analysed(n=25)

Analysed(n=25)






OPS/images/fnagi-15-1112768-g002.jpg
20

1] ;
!
§ ]
5 ]
© %0
o
2
& 5
5
0
e — P — Pre-reamant P —
TMS alone group MNS alone group
D
P
»
15 F=5.5 p=0.005
* 8
8" i
] s
B 2 10-
: N
& 1o 3
3 S
8
3 5.
3
5
o
0
e m— P — TS aone NS wone e
Groups

FTMS+VINS group





OPS/images/fnagi-15-1112768-t003.jpg
Groups n Not improved Improved

1TMS 25 8(32%) 17 (68%)
MNS 2 9(36%) 16 (64%)
FTMS+MNS 25 4(16%) 21(84%)
Chi-square tests 256

Pvalue 0.007





OPS/images/fnagi-15-1112768-t001.jpg
Groups TMS MNS MNS+TMS value of p

N 25 2 25

Age (years) 58.76+13.79 58761294 53.9618.97 045
Duration of DOC (days) 62084150 57.0+46.13 655245785 044
28-90 21 (84.00%) 23 (92.00%) 19.(76.00%)

61-180 3(12.00%) 1(4.00%) 5(2000%)

180 1(4.00%) 1(4.00%) 1(4.00%)

CRS-R 6124249 676179 616£221 051
Ges 736191 776167 740+ 168 067
Latency of N20 on good side (ms) 20574120 21174193 20774127 036
Latency of N20 on poor side (ms) 25364323 25932427 25734235 085
Amplitude of N20 on good side (V) 1742113 195151 204£157 073
Amplitude of N20 on poor side (V) 1035096 1022128 078061 0.6
Diagnosis 094
Vs 12.(48.00%) 11(44.00%) 11(44.00%)

MCs 13 (52.00%) 14/(56.00%) 14/(56.00%)

Sex 040
female 12(48.00%) 8(32.00%) 8(32.00%)

male 13 (52.00%) 17 (68.00%) 17 (68.00%)

Job 0.06
No 9 (36.00%) 2(8.00%) 7(28.00%)

Yes 16/(64.00%) 23 (92.00%) 18 (72.00%)

Married 0.08
No 1(4.00%) 1(4.00%) 5(20.00%)

Yes 24(96.00%) 24/(96.00%) 20 (80.00%)

Education 017
Primary 14/(56.00%) 14 (56.00%) 8(32.00%)

Middle 7 (28.00%) 9(36.00%) 15 (60.00%)

High 4(16.00%) 2(8.00%) 2(8.00%)

Etiology 027
“Traumatic 8(32.00%) 12 (48.00%) 8(32.00%)

Vascular 12.(48.00%) 11(44.00%) 15 (60.00%)

Anoxia 5(2000%) 2(8.00%) 2(8.00%)

DOC, disorders of consciousness; CRS-R, Coma Recovery Scale-Re

vised; GCS, Glasgow Coma Scale; VS, vegetative state; MCS, minimally conscious state.





OPS/images/fnagi-15-1112768-t002.jpg
Patient TMS alone MNS alone TMS+MNS

Post Outcome Post Outcome Post Outcome
P vs s Persistency MCS— MCs+ Improved MCS— MCs+ Improved
2] MCs— MCs— Persistency MCS— EMCS Improved MCs- EMCS Improved
P3 MCs— MCS+ Improved vs MCs— Improved Vs MCs— Improved
P4 MCs— MCs— Persistency vs MCs— Improved Vs MCs— Improved
Ps s s Persistency vs s Persistency MCS— MCS+ Improved
6 MCs— MCs+ Improved vs s Persistency Vs vs
»7 vs s Persistency MCS— MCs— Persistency Vs vs
P8 MCs— MCs+ Improved MCs— MCS+ Improved MCS— MCS+
P9 s MCs— Improved MCs— MCS+ Improved MCS— MCs— Persistency
P10 MCs— MCs— Persistency vs MCs~— Improved MCS— MCS+ Improved
P MCs— MCs— Persistency MCS— MCs+ Improved MCS— MCS+ Improved
P12 s s Persistency MCs— MCs+ Improved MCS— EMCS Improved
P13 MCs— MCs+ Improved MCs— EMCS Improved Vs vs Persistency
Pl s Vs Persistency MCs— MCs— Persistency Vs MCs— Improved
P15 s Vs Persistency MCs— MCs+ Improved Vs MCs— Improved
Pl6 MCs— MCs+ Improved MCs— MCs— Persistency vs MCS+ Improved
P17 MCs— MCs+ Improved MCs— MCs— Persistency Vs vs Persistency
P18 s MCs+ Improved vs s Persistency MCS— EMCS Improved
P19 MCs— MCS+ Improved vs vs Persistency MCS— MCS+ Improved
P20 MCs— EMCS Improved vs vs Persistency MCS— EMCS Improved
P21 s MCs— Improved vs s Persistency Vs vs Persistency
P2 MCs— MCs— Persistency vs MCs— Improved MCS— MCS+ Improved
P23 vs vs Persistency MCs— MCs— Persistency MCS— EMCS Improved
P2 vs vs Persistency MCs— MCs+ Improved MCS— vs Worsen
P25 s MCs— Improved vs MCs— Improved Vs vs

VS, vegetative state; MCS—, minimally conscious state minus; MCS+, minimally conscious state plus; EMCS, emergence from minimally conscious state.





OPS/images/fnagi-15-1112768-e001.jpg
oLt )
v %Zilwmz/(k—l)]





OPS/images/fnagi-15-1112768-e002.jpg
k
>Xilk
i=1





