
Additional Table 1 Literature review table 

Study Type of article 

VS/UWS 

or MCS Cause of DoC Age group Strategy Findings 

Improvement 

with treatment 

Emergence/chang

e in diagnosis 

SENSORY STIMULATION 

Cheng et al. 

(2018) 

Interventional 

quasi-

experimental 

clinical trial; 

Time series 

design (n=29) 

VS and 

MCS 

Traumatic, anoxic, 

ischemic stroke, 

hemorrhagic, or 

metabolic 

48±19 yr old Sensory 

stimulation 

program 

Sensory stimulation 

program may improve 

behavioral 

responsiveness in MCS 

with increased arousal 

and oromotor functions; 

however, data suggests 

that sensory stimulation 

program may not be an 

adequate treatment to 

restore consciousness in 

VS or MCS patients 

No No 

De Tanti et 

al. (2016) 

Case report 

(n=1) 

VS Cerebral hemorrhage 15-yr-old 

female 

Specialized team 

and constant 

sensory 

stimulation 

Regaining of 

consciousness could not 

be attributed to any 

particular intervention; 

however, a skilled 

interdisciplinary team 

equipped with expertise 

to manage patients with 

severe acute brain injury 

Yes Yes 



2 
 

particularly with respect 

to neurosurgical 

complications seemed to 

be an important element 

of recovery. Patient was 

provided constant 

sensory stimulation via 

all sensory stimulation 

channels which may 

have played a role in 

recovery, though not 

proven. 

Lotze et al. 

(2011) 

ABA-BAB 

experimental 

study design 

(n=7 with 5 

completing study 

duration) 

PVS and 

MCS 

TBI, overdose, 

stroke, CV collapse 

36.2±8.12 yr Sensory 

stimulation and 

social-tactile 

intervention 

Findings included 

significant change in 

diagnosis with five 

patients recovering from 

PVS to MCS and one 

patient remaining in 

MCS upon study 

completion. Motor 

activities were also 

improved following 

treatment  

Yes Yes 

Noé et al. 

(2012) 

Prospective 

cohort study 

(n=32; 

VS and 

MCS 

Acquired brain 

injury, TBI, 

hemorrhagic, anoxic 

39.9±13.9 yr Integrative 

multisensory 

program of daily 

Seven patients emerged 

from MCS, and one 

patient emerged from VS 

Yes Yes 



3 
 

male/female: 

22/10) 

physical 

rehabilitation and 

multimodal 

sensory 

stimulation 

Pape et al. 

(2015) 

Double-blind 

randomized 

placebo-

controlled trial 

(n=15) 

VS and 

MCS 

TBI Age at injury 

35.1±11.0 yr 

Familiar auditory 

sensory training 

Familiar auditory 

sensory training was 

associated with 

significantly improved 

arousal and awareness as 

indicated by higher 

scores on CNC measure. 

CNC testing reflects 

response consistency 

including arousal and 

awareness as indicated 

by ability to follow 

auditory commands, 

visually track, localize to 

sounds, vocalize, and 

respond to touch and 

pain. 

Yes No 

Sullivan et 

al. (2018) 

Blinded cross 

over case study 

(n=1) 

VS TBI 31-yr-old 

male 

Familiar auditory 

sensory training 

Significant 

neurobehavioral and 

neurophysiological 

improvements, 

Yes No 
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particularly auditory-

language gains. These 

positive results were not 

seen with sham 

intervention 

De Luca et 

al. (2021) 

Case report MCS TBI 69-yr-old 

male 

Advanced 

emotional audio-

video stimulation 

While conventional 

rehabilitation led to some 

improvement in 

behavioral 

responsiveness and 

caregiver's distress, 

emotional-integrated 

sensory stimulation was 

associated with a 

significant improvement 

in behavioral 

responsiveness and 

cognition as well as 

caregiver's distress. 

Authors suggest this 

therapy could be a 

beneficial adjunct or 

complement to therapy 

for those in MCS. 

Yes No 

tDCS 
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Angelakis et 

al. (2014) 

Prospective case 

series trial with 

12 mon follow-

up (n=10; 

male/female: 

7/3) 

PVS/UWS 

and MCS 

TBI (n=5); anoxia 

(n=4); postoperative 

infarct (n=1) 

etiologies 

Ages 19 to 62 

yr 

tDCS Improvement was seen in 

all participants with 

MCS immediately 

following tDCS 

treatment. One patient 

originally diagnosed in 

MCS showed 

improvement in 

consciousness after one 

round of tDCS treatment 

and then underwent a 

second round of tDCS 

treatment from which 

level of consciousness 

further improved with 

the patient emerging into 

consciousness. One 

patient with post-

operative infarct and 

MCS < 1 yr in duration 

recovered consciousness 

at 12 mon follow-up. 

One patient in PVS/UWS 

improved to MCS 

following treatment 

which was observed at 

Yes Yes 
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12-mon post-stimulation 

follow-up; however, no 

other participants in 

PVS/UWS showed 

immediate benefit. 

Bai et al. 

(2017a) 

Sham-controlled 

interventional 

study (n=16; 

male/female: 

10/6) 

VS and 

MCS 

TBI, anoxia, 

hemorrhagic, 

ischemic stroke 

Age 17-68 yr tDCS In patients with MCS, 

global cerebral 

excitability increased 

from 0-100 ms and 100-

200 ms compared to 

baseline and sham 

stimulation. In patients 

with VS, global cerebral 

excitability increased in 

0-100 ms interval and 

decreased in the 300-400 

ms interval. There was 

significant difference 

between local cerebral 

excitability between 

MCS and VS. Cortical 

excitability may be 

successfully modulated 

using tDCS in patients 

with DoC though these 

changes differ between 

Yes No 
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MCS and VS, 

particularly in temporal 

and spatial brain areas. 

Through 

electrophysiologic 

reactivity, this study 

shows for the first time 

that tDCS may modulate 

cortical excitability in 

individuals with MCS. 

Cavinato et 

al. (2019) 

Randomized 

double-blind 

crossover study 

(n=26) 

UWS and 

MCS 

Hypoxic-ischemic 

and traumatic 

etiologies 

Mean age 

53±19 yr 

Left dorsolateral 

prefrontal cortex 

anodal tDCS  

tDCS is a potentially 

useful therapy for 

patients in DoC when 

some consciousness is 

preserved as this study 

found that tDCS 

produced EEG changes 

in brain areas involved in 

arousal and cognitive-

emotional processing. 

Significant clinical 

improvement was 

observed in those with 

MCS; however, in 

unresponsive 

participants, no benefit 

Yes, but no for 

unresponsive 

patients 

No 
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was apparent. 

Dimitri et al. 

(2017) 

Case study (n=1) MCS Anoxic brain damage 20-yr-old 

female 

tDSC and 

psychosensory 

stimulation 

Improved and 

maintained alertness as 

well as improved muscle 

hypertonia. However, 

patient remained in 

MCS. 

Yes No 

Estraneo et 

al. (2017) 

Randomized 

double-blind, 

sham-controlled 

crossover study 

(n=13) 

VS and 

MCS 

Traumatic, anoxic, 

and vascular etiology 

Age 18-84 yr Repeated tDCS Short-term benefit of 

repeated tDCS was not 

appreciated. Authors call 

for long-term study. 

No No 

Martens et 

al. (2018) 

Randomized 

controlled trial 

(n=27) 

MCS TBI, ischemic stroke, 

anoxia, cardiac 

arrest, aneurysm 

Age 17-75 yr Home-based tDCS In patients with chronic 

MCS, home-based tDCS 

improved recovery of 

signs of consciousness 

and was feasible for 

caregivers to use outside 

of the hospital. 

Yes No 

Martens et 

al. (2019) 

Randomized 

double-blind 

sham-controlled 

crossover trial -- 

Pilot study 

UWS and 

MCS 

TBI and non-TBI Mean age 

49±22 yr 

Single tDCS 

session 

There was no evidence of 

improved behavioral 

function following one 

session of tDCS. 

However, two of ten 

No No 
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(n=10) patients demonstrated a 

new sign of 

consciousness following 

tDCS. 

Martens et 

al. (2020) 

Randomized 

double-blind 

sham-controlled 

crossover trial 

(n=46) 

UWS and 

MCS 

TBI and non-TBI 46 yr Network-based 

frontoparietal 

tDCS 

When considered the 

group as a whole, no 

effect of tDCS was 

observed on behavioral 

function. However, 

considering individuals 

within the group, new 

behaviors suggestive of 

conscious awareness 

became evident in five 

participants. Thus, 

authors concluded that 

effects of tDCS vary 

between patients. EEG 

changes following tDCS 

were noted including 

significant increases in 

complexity of low 

frequency bands; 

however, these changes 

were not evidenced by 

any change of behavior 

No No 
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on the group level. 

Straudi et al. 

(2019) 

Pilot EEG-tDCS 

study (n=10), 

open-label quasi-

experimental 

MCS Severe TBI 35.5±12.6 yr Bilateral M1 

anodal tDCS 

New signs of 

consciousness were 

detected in eight of ten 

participants. Gains in 

auditory function were 

most significant. Signs of 

consciousness recovery 

sustained for at least 3 

mon following 

completion of treatment, 

notably in patients whose 

recovery had previously 

plateaued prior to 

treatment. 

Yes No 

Thibaut et al. 

(2014) 

Sham-controlled 

randomized 

double-blind 

crossover trial 

(n=55) 

VS/UWS 

and MCS 

Traumatic, anoxic, 

mixed traumatic-

ischemic, and other 

nontraumatic 

etiologies 

VS/UWS 

42±17 yr; 

MCS 43±19 

yr 

Left dorsolateral 

prefrontal cortex 

tDCS 

Benefit of treatment was 

observed in MCS but not 

VS/UWS groups. Signs 

of consciousness 

following tDCS were 

seen in 43% of MCS 

participants and 8% of 

VS/UWS participants. 

Authors conclude that 

treatment may 

transiently improve level 

Yes for MCS; No 

for VS/UWS 

No 
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of consciousness in 

MCS. 

Thibaut et al. 

(2017) 

Randomized 

double-blind 

sham-controlled 

crossover study 

(n=16) 

MCS TBI, anoxia, cardiac 

arrest, stroke 

47 yr Repeated 

prefrontal tDCS 

Five d of repeated left 

prefrontal tDCS led to 

improvement in 

consciousness recovery 

in 9 of 16 (56%) patients 

who were considered 

"responders" to 

treatment. This 

improvement was noted 

for up to 1 week 

following the end of 

stimulation in the present 

study. 

Yes No 

Tzur et al. 

(2020) 

Case report - 

letter to the 

editor (n=1) 

MCS Cardiac arrest 26-yr-old 

male 

tDCS Treatment with tDCS 

may promote neural 

reactivity and responses 

linked to enhanced 

awareness. 

Yes No 

Wu et al. 

(2019) 

Randomized, 

sham-controlled 

trial (n=16) 

UWS and 

MCS 

Hemorrhagic, TBI, 

anoxia 

16-77 yr Repetitive tDCS of 

the dorsolateral 

prefrontal cortex 

Left anodal tDCS 

stimulated prefrontal 

cortex excitability 

though only one patient 

showed positive outcome 

and significant 

No  No 
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behavioral gains were 

not observed on a group 

level. Results suggest 

that anodal tDCS to the 

left dorsolateral 

prefrontal cortex more 

effectively increases 

cortical excitability when 

compared to anodal 

tDCS of the right 

dorsolateral prefrontal 

cortex. Treatment was 

well tolerated. 

TMS 

He et al. 

(2018) 

Sham-

controlled, 

randomized, 

crossover trial 

(n=6) 

VS, MCS, 

emergence 

from MCS 

TBI, hypoxic-

ischemic, 

hemorrhagic 

14-58 yr 20 Hz rTMS One of six patients 

showed sustained 

behavioral and 

neurophysiological 

changes after rTMS 

while the remaining five 

patients showed local 

brain reactivity at 

electrodes but non-

significant EEG changes. 

Authors conclude that 

rTMS may increase 

Yes No 
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awareness and arousal. 

Cincotta et 

al. (2015) 

Randomized 

sham-controlled 

study with cross-

over design 

(n=11) 

VS Anoxic, traumatic Mean 59.6 

yr; range 32-

78 yr 

rTMS In chronic VS, there was 

no benefit from therapy 

with 20 Hz rTMS of the 

M1 using conventional 

coils 

No No 

Jang and 

Kwon 

(2020) 

Case report 

(n=1) 

PVS Intracerebral and 

subarachnoid 

hemorrhage, stroke 

45-yr-old 

male 

TMS Patient transitioned from 

PVS to MCS following 

pharmacologic and 

rTMS of the right 

dorsolateral prefrontal 

lobe. Then CRS-R score 

remained same while 

patient only received 

pharmacologic treatment 

and not rTMS. Patient 

was then readmitted for 

rehabilitation with rTMS 

and showed 

improvement in higher 

cognition. 

Yes Yes 

Liu et al. 

(2016) 

Sham-controlled 

study (n=10; 

male/female: 

7/3) 

VS and 

MCS 

Head injury 47.6±14.76 

yr 

High-frequency 

rTMS 

Authors found differing 

effects of rTMS on 

cerebral blood flow 

depending on LOC in 

Yes  No 
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patients with DoC. 

Increased peak systolic 

velocity and mean flow 

velocity was seen in 

patients with MCS. 

While no significant 

changes in CRS-R scores 

were observed in either 

VS or MCS patients, 

significant increases in 

peak systolic velocity 

and mean flow velocity 

of the left MCA occurred 

in MCS patients. 

Cerebral blood flow is 

associated with neural 

activity through a 

concept known as 

"neurovascular 

coupling"; thus, it can be 

reasoned that these 

increases in peak systolic 

velocity and mean flow 

velocity indicate 

increased neural activity 

due to rTMS. These 
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changes did not occur in 

VS patients.  

Manganotti 

et al. (2013) 

Correlational 

study (n=6) 

VS and 

MCS 

Traumatic, 

hemorrhagic 

48±19.4 yr High-frequency 

TMS 

Sustained behavioral and 

neurophysiological 

changes were seen in one 

patient with MCS whose 

EEG showed 

reemergence of fast 

activity and increase in 

slow activity suggestive 

of arousal after rTMS. 

These changes were 

sustained for up to 6 h. 

While authors found 

some significant 

electrophysiological 

changes in VS and MCS 

patients after a single 

session of 20 Hz rTMS 

over the motor cortex, no 

significant sustained 

clinical or EEG changes 

in were seen in the other 

five patients. Authors 

Yes No 
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showed that EEG 

correlates to clinical 

response after rTMS. 

Bender Pape 

et al. (2020) 

Alternate 

treatment-order, 

within-subject, 

baseline-

controlled trial 

(n=4); quasi-

experimental 

VS and 

MCS 

TBI 21±3.3 yr Combination 

therapy with 

Amantadine and 

rTMS 

Meaningful 

neurobehavioral gains 

were observed in 75% of 

treatment segments 

studied including rTMS, 

amantadine, and 

combined rTMS + 

amantadine. These 

changes suggest 

modulation of neural 

activity and 

communication 

important in the process 

of neurobehavioral 

recovery. Auditory-

language gains were 

observed in those who 

underwent rTMS and 

then doubled in those 

who received rTMS prior 

to rTMS + amantadine. 

rTMS + amantadine 

Yes No 
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treatment resulted in 

increased social 

interaction with 

nonfamiliar people and 

more physical 

manipulation and 

nonspecific sensory 

stimulation during 

rTMS. 

Piccione et 

al. (2011) 

Case report 

(n=1) 

MCS Hemorrhagic 

etiology 

70-yr-old 

male 

rTMS rTMS may improve 

awareness and arousal in 

patients with MCS 

Yes No 

Pistoia et al. 

(2013) 

Cross-sectional 

survey; cohort 

study (n=6) 

VS Traumatic, 

hemorrhagic, anoxic 

19-73 yr TMS TMS-CF was assessed in 

combination with three 

conditions to evaluate its 

ability to promote motor 

behaviors: at rest, with 

execution of a motor 

task, and with imitation 

of a demonstrated action. 

While TMS-CF 

combined with rest or 

execution conditions 

showed no change, 

changes in motor evoked 

potentials associated 

Yes No 
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with behavioral 

improvements were seen 

in four patients when 

TMS-CF was combined 

with imitation condition. 

Authors suggest that 

imitation provided visual 

along with TMS-CF 

which may have 

promoted recovery of 

motor behaviors as 

imitation provided 

patients an association 

between planning a 

movement and executing 

it.  

Zhang et al. 

(2021) 

Prospective, 

open, 

randomized, 

controlled, 

single-center 

clinical trial 

(n=48) 

PVS x Experimental 

group: 

56.13±14.16 

yr; Control: 

53.83±12.38 

yr 

Combination 

rTMS and 

conventional 

rehabilitation 

After 30 and 60 d of 

treatment, the 

experimental group 

receiving rTMS of the 

dorsolateral prefrontal 

cortex along with 

conventional 

rehabilitation has CRS-R 

and EEG grading indices 

that were significantly 

Yes No 
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higher than the control 

group which received 

false stimulation 

combined with 

conventional 

rehabilitation. Findings 

suggest that rTMS 

combined with 

conventional 

rehabilitation promotes 

recovery of 

consciousness in patients 

in PVS. 

SCS and/or DEEP BRAIN STIMULATION 

Xu et al. 

(2019) 

Quasi-

experimental 

interventional 

study based on 

retrospective 

study (n=12) 

VS TBI, ischemia, 

anoxia, hemorrhage 

26-65 yr Cervical SCS CRS-R scores improved 

significantly from 

baseline. Five patients 

reached outcomes 

considered responsive 

with three patients 

recovering 

consciousness and two 

patients recovering from 

VS to MCS. Seven 

patients were considered 

unresponsive with six 

Yes Yes 
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remaining in VS and one 

passing away. Authors 

found the etiology of VS 

to be significantly 

associated with response 

to cervical SCS such that 

those with etiologies of 

ischemia or anoxia had 

poorer outcomes 

following cervical SCS. 

Bai et al. 

(2017b) 

Sham-controlled 

interventional 

study (n=16; 11 

completed 

study); quasi-

experimental 

MCS Hemorrhage, anoxia, 

infarction 

19-65 yr SCS In MCS patients, SCS 

may modulate brain 

function which authors 

believe may be related to 

the activation of the 

formation-thalamus 

cortex network. The use 

of different frequency 

parameters of SCS 

yielded differing EEG 

results in the frontal 

region thereby indicating 

that the effects of SCS 

may vary by frequency in 

MCS patients. 

Yes No 
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Liang et al. 

(2018) 

Quasi-

experimental 

(n=16) 

MCS TBI, hemorrhagic, 

ischemia-hypoxia 

x SCS SCS improved brain 

activity particularly in 

the frontal and occipital 

regions. Following SCS, 

information integration 

became more complex 

with more cortical area 

engagement. 

Yes No 

Si et al. 

(2018) 

Experimental 

pilot study; 

quasi-

experimental 

(n=10; 

male/female: 

5/5) 

VS and 

MCS 

TBI, anoxia, stroke, 

hemorrhagic 

17-64 yr SCS SCS at 70 Hz and 100 Hz 

led to significantly 

increased hemodynamic 

responses in the 

prefrontal cortex which 

is a crucial brain area to 

consciousness. 

Responses were 

frequency specific with 

the best hemodynamic 

responses seen when 

SCS was provided at 70 

Hz at which frequency 

there was significant 

improvement in 

functional connectivity 

between the prefrontal 

and occipital regions. 

Yes No 
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Authors suggest that 

increased cerebral blood 

volume and improved 

transmission of 

information through the 

reticular-formation-

thalamus-cortex pathway 

may underlie these 

improvements.  

Wang et al. 

(2020b) 

Quasi-

experimental 

Interventional 

study (n=14) 

MCS and 

VS/UWS 

TBI, hemorrhagic, 

anoxia 

36.5±10.8 yr SCS Permutation entropy was 

used as a measure to 

quantify brain to SCS in 

this study. Permutation 

entropy increased in all 

patients following SCS 

and was associated with 

short-term changes in 

neural activities. 

However, more 

significant changes 

occurred in subjects in 

MCS compared to those 

in VS, particularly in 

frontal regions. 

Yes No 
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Yamamoto 

et al. (2012) 

Long-term 

interventional 

study (n=10); 

quasi-

experimental 

MCS Trauma, vascular, 

inflammatory 

16-67 yr Cervical SCS Following SCS, seven of 

ten patients recovered 

consciousness regaining 

the ability to 

communicate and 

perform motor activities 

including use of objects. 

A 22.2% increase in 

cerebral blood flow was 

seen during cervical SCS 

compared to pre-

stimulation cerebral 

blood flow in MCS 

subjects. Overall, 

cervical SCS resulted in 

diffusely increased 

cerebral blood flow. 

Yes Yes 

Yamamoto 

et al. (2017) 

Quasi-

experimental 

study (n=31) 

VS and 

MCS 

TBI, stroke, anoxia, 

encephalomyelitis 

VS: 47±18.4 

yr; MCS: 

32±15.9 yr 

SCS Recovery occurred in 

three VS patients who 

remained bedridden and 

seven MCS patients who 

were all able to emerge 

from a bedridden state 

within 12 mon of 

therapy. Increased 

cerebral blood flow and 

Yes Yes 
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induced upper extremity 

muscle twitches were 

observed with cervical 

SCS at 5 Hz. Further, 

notable recovery of 

consciousness and motor 

function of the upper 

extremities (compared to 

lower extremities) 

occurred in MCS patients 

with cervical SCS at 5 

Hz. Authors conclude 

that MCS patients could 

be good candidates for 

SCS therapy which 

findings suggest is a 

promising 

neuromodulation and 

neurorehabilitation 

strategy for patients with 

DoC. 

Zhang et al. 

(2018) 

Quasi-

experimental 

preliminary 

interventional 

study (n=9; 

VS and 

MCS 

TBI, hemorrhage, 

hypoxic-ischemic, 

stroke 

17-64 yr SCS, particularly 

inter-stimulus 

interval parameter 

of SCS 

Shorter interstimulus 

intervals improved blood 

volume in the prefrontal 

cortex, a brain area 

important to 

Yes No 
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male/female: 

5/4) 

consciousness. Findings 

were more significant in 

groups with favorable 

prognosis as determined 

by Glasgow Outcome 

Scale score 3-5 (3- 

ability to follow 

commands/unable to live 

independently/moderatel

y disabled; 4- able to live 

independently/unable to 

return to work or school; 

5- good recovery/able to 

return to work or school). 

Yamamoto 

et al. (2013) 

Quasi-

experimental 

clinical trial 

(n=128) 

VS and 

MCS 

Trauma, vascular, 

hypoxia  

VS: 43±20.1 

yr; MCS: 

34±14.3 yr 

Deep brain 

stimulation and 

SCS 

Of the 21 patients with 

VS, 8 recovered and 

demonstrated ability to 

follow verbal 

instructions. Patients in 

MCS who fulfilled 

electrophysiological 

inclusion criteria showed 

great functional 

improvement following 

deep brain stimulation 

and SCS. 

Yes Yes 
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Chudy et al. 

(2018) 

Quasi-

experimental 

(n=14) 

VS and 

MCS 

Traumatic and 

anoxic etiologies 

VS: 35 yr; 

MCS 20 yr 

Deep brain 

stimulation 

Improvement in 

consciousness occurred 

in four of fourteen 

participants (29%), three 

of which were in the VS 

or MCS due to ischemic 

encephalopathy. Two 

patients with MCS 

regained consciousness 

along with ability to 

walk, speak, and live 

independently while one 

patient with MCS 

regained consciousness 

but remained in a 

wheelchair. One patient 

with VS regained 

consciousness and ability 

to respond to simple 

commands. Seven 

patients did not 

significantly improve 

while three patients died 

due to sequelae. For 

patients exhibiting some 

inclusion criteria, deep 

Yes Yes 
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brain stimulation may be 

a fruitful treatment 

option.  

OTHER METHODS OF STIMULATION 

Vanzan et al. 

(2017) 

Single-case 

prospective, 

controlled 

(ABAB) efficacy 

study (n=2) 

MCS Patient 1: following 

ventricular 

fibrillation arrest; 

patient 2: following 

ischemic event 

Patient 1: 

Male aged 70 

yr; Patient 2: 

male aged 51 

yr 

Left ear caloric 

vestibular 

stimulation 

Both participants showed 

behavioral improvement 

during caloric vestibular 

stimulation treatment 

that occurred during 

treatment and was not 

sustained with 

stimulation turned off. 

Improvements in level of 

awareness and 

responsiveness were 

partially irreversible in at 

least one of the two 

participants. Authors call 

for larger studies to 

investigate further 

Yes No 

Corazzol et 

al. (2017) 

Case report VS TBI x Vagus nerve 

stimulation 

Patient recovered 

consciousness to 

transition from VS to 

MCS after 1 mon of 

treatment. He exhibited 

Yes Yes 
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reproducible 

improvements in arousal, 

attention, body motility, 

and visual pursuit. Vagus 

nerve stimulation may 

help patients regain 

consciousness as 

findings showed 

stimulation promoted the 

spread of cortical signals 

and increased metabolic 

activity which resulted in 

improved behavioral 

function. 

TRANSCRANIALLY FOCUSED EXTRACORPOREAL SHOCK WAVES 

Lohse-

Busch et al. 

(2014) 

Longitudinal 

observation 

study (n=5) 

UWS Trauma (n=4), 

overdose (n=1) 

19-40 yr Transcranially 

focused 

extracorporeal 

shock waves 

There was a 135.9% 

improvement on the 

German Coma 

Remission Scale and a 

43.6% improvement on 

the Glasgow Coma Scale 

after 2-4 yr and an 

average of 5.2 series of 

treatments with 

transcranially focused 

extracorporeal shock 

Yes No 
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waves. A 64.3% 

improvement was also 

noted in motor areas of 

the German Coma 

Remission Scale. In 

these five patients, based 

on clinical improvement, 

clinicians were able to 

remove PEG feeding 

tubes from three patients 

and non-verbal 

communication was 

initiated in four patients. 

Authors conclude that 

transcranially focused 

extracorporeal shock 

waves benefited all 

patients studied. 

BILATERAL, TRANSCRANIAL NEAR-INFRARED LIGHT-EMITTING DIODE IRRADIATION TO THE FOREHEAD  

Nawashiro et 

al. (2012) 

Case study (n=1) PVS Severe TBI 40-yr-old 

male 

Bilateral, 

transcranial near-

infrared light-

emitting diode 

irradiation to the 

forehead 

Authors found that 146 

treatments over a 

duration of 73 d 

increased cerebral blood 

flow by 20%. 

Transcranial near-

infrared light-emitting 

Yes No 
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diode irradiation to the 

forehead increased 

regional cerebral blood 

flow and may lead to 

improved neurological 

function. 

PHARMACOLOGIC 

ZOLPIDEM 

Calabrò et al. 

(2015) 

Case report - 

letter to the 

editor (n=1) 

VS Cardiac arrest  52-yr-old 

female 

Zolpidem Zolpidem treatment led 

to increased awareness 

and wakefulness as well 

as improved 

consciousness and 

arousal with increased 

dosing. 

Yes No 

Khalili et al. 

(2020) 

Prospective 

quasi-

experimental 

clinical trial 

(n=12) 

VS and 

MCS 

TBI 20-65 yr Zolpidem therapy After two weeks of 

zolpidem therapy, 50% 

of patients transitioned to 

MCS with statistically 

significant difference in 

motor scores following 

treatment. No difference 

was observed in brain 

perfusion patterns. Level 

of consciousness and 

motor function improved 

Yes Yes 
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in 50% of patients with 

VS. Response to 

treatment may be 

predicted by the presence 

of focal brain perfusion 

defects. 

Thonnard et 

al. (2013) 

Prospective 

open-label study; 

quasi-

experimental 

(n=60; 

male/female: 

42/18) 

VS/UWS 

and MCS 

31 patients with 

traumatic injury 

35±15 yr Zolpidem therapy No clinically significant 

improvement was found 

following Zolpidem 

treatment in the 60 

patients studied. 

No No 

Appu and 

Noetzel 

(2014) 

Case report 

(n=1) 

MCS Anti-N-methyl-D-

aspartate receptor 

encephalitis 

16-yr-old 

female 

Zolpidem 

treatment 

Zolpidem treatment was 

started on hospital day 42 

and led to immediately 

improved lucidity during 

recovery as well as early 

discharge on hospital day 

55. Zolpidem was 

weaned 3 weeks after 

discharge and the patient 

exhibited almost 

complete recovery 

approximately 6 mon 

following discharge. 

Yes Yes 
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Zolpidem treatment 

accelerated recovery 

from MCS and would be 

reasonable adjunct to 

treatment. Associated 

with reduction in length 

of hospital stay. 

Chatelle et 

al. (2014) 

Randomized, 

double-blind 2-d 

protocol (n=3) 

MCS Anoxic event 37-50 yr Zolpidem 

treatment 

Zolpidem treatment 

resulted in clinically 

significant behavioral 

improvement in the three 

participants studied as 

evidenced by FDG-PET 

imaging which noted 

metabolic activation of 

the prefrontal cortices. 

Yes No 

Du et al. 

(2014) 

Quasi-

experimental 

(n=165 with 127 

completing 

study) 

VS Contrecoup 

contusion, primary 

brain stem injury, 

space-occupying 

brain compression 

injury, secondary 

brain stem injury 

37.7±7.7, 

38.1±8.3, 

38.5±7.1, 

and 37.9±7.6 

yr, respective 

to brain 

injury 

etiology 

Zolpidem 

treatment 

Zolpidem treatment 

improved brain function. 

Benefit was greater in 

those with brain injury to 

non-brain stem areas 

compared to those with 

primary and secondary 

brain stem injury. 

Authors found that the 

effects of Zolpidem 

Yes No 
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treatment on brain 

function occurred rapidly 

rather than gradually. 

Machado et 

al. (2011) 

Case study (n=1) PVS Stroke 21-yr-old 

female 

Zolpidem 

treatment 

Patient demonstrated 

significant signs of 

behavioral arousal 

following zolpidem 

administration including 

spontaneous eye 

movements and several 

yawns. Arousal reached 

its height from 20-45 min 

after administration. 

First study to describe 

the benefit of using heart 

rate variability to assess 

response to treatment. 

Study highlights the 

brain-heart connection. 

Yes No 

Machado et 

al. (2014) 

Prospective two-

period crossover 

double-blind 

randomized 

controlled 

clinical trial 

(n=16) 

PVS Post anoxic 

encephalopathy, 

TBI, herpes simplex 

encephalitis, central 

transtentorial 

herniation 

15-54 yr Zolpidem 

treatment 

Zolpidem treatment led 

to time-related signs of 

arousal including 

behavioral signs (yawns 

and hiccups), activation 

of EEG cortical activity, 

and a vagolytic 

Yes No 
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chronotropic effect. 

Authors suggest that 

zolpidem induced 

arousal may be related to 

improvements in brain 

function and propose that 

this medication be added 

to rehabilitation 

programs for DoC. 

Authors also report that 

this is the first study to 

document zolpidem's 

vagolytic effect in 

persons with PVS. 

Rodriguez-

Rojas et al., 

(2013) 

Case report 

(n=1) 

PVS Stroke 21-yr-old 

female 

Zolpidem 

treatment 

Zolpidem treatment led 

to blood oxygen level-

dependent signal 

changes which were 

significantly correlated 

to proton MRS 

metabolites which 

authors suggest may be 

explained by the brain 

activation observed 

when Zolpidem attaches 

to GABA receptors on 

Yes No 
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neuro-dormant brain 

cells. Findings support 

hypothesis that zolpidem 

may increase awareness 

in patients with PVS. 

Whyte et al. 

(2014) 

Placebo-

controlled, 

double-blind, 

single-dose 

crossover study 

(n=84) 

VS and 

MCS 

Traumatic and 

nontraumatic 

etiologies 

> 18 yr Zolpidem 

treatment 

Zolpidem treatment 

benefited about 5% of 

participants as 

determined by increased 

movement, social 

interaction, command 

following, attempts to 

communicate, and 

functional object use; 

mild adverse events 

occurred more often in 

Zolpidem group than in 

control group. 

Yes No 

Delargy et 

al. (2019) 

Case study (n=1) MCS Subarachnoid 

hemorrhage 

44-yr-old 

female 

Zolpidem 

treatment and 

interdisciplinary 

team 

Zolpidem treatment 

improved awareness but 

improvement faded 

following completion of 

therapy. Combined 

Zolpidem and 

interdisciplinary team 

treatment over the 8-

Yes No 
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week period led to 

functional and 

communicative 

improvements that were 

durable. 

AMANTADINE 

Avecillas-

Chasín and 

Barcia 

(2014) 

Case report - 

letter to the 

editor (n=1) 

MCS Hemorrhage 49-yr-old 

female 

Amantadine Amantadine 100 mg 

twice daily improved 

consciousness such that 

the patient developed the 

ability to open her eyes 

spontaneously and 

follow commands after 3 

d of treatment. When 

dose was increased to 

150 mg BID, patient was 

able to follow 

commands, engage in 

visual pursuit, and use 

objects 7 d into 

treatment. At 14 d 

following the start of 

treatment, patient 

developed the ability to 

communicate through 

gesturing and recognize 

Yes No 
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relatives. Increasing dose 

to 200 mg twice daily 

resulted in side effects 

and amantadine therapy 

was subsequently 

stopped at which point 

condition deteriorated 

and patient lost these 

functional gains. 

Eventually, after 

beginning amantadine 

again, treatment was 

tapered and withdrawn 

successfully with patient 

maintaining 

improvement. Authors 

suggest that amantadine 

may be safe and effective 

for patients with MCS 

when dopamine circuits 

are preserved. 

Chen et al. 

(2019) 

Case report 

(n=1) 

VS TBI 52 yr Wake-up 

treatment with 

amantadine and 

rehabilitation 

training 

After 3 mon of treatment, 

fMRI elucidated 

increased brain 

activation in areas that 

correspond to task 

Yes No 
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instructions indicating 

positive effects of 

amantadine treatment 

and rehab training on 

brain function. 

Estraneo et 

al. (2015) 

Case report - 

letter to the 

editor (n=1) 

MCS Non-TBI 57-yr-old 

female 

Amantadine Dose-dependent effect of 

amantadine was seen in 

this patient with MCS 

such that improvement in 

arousal, auditory, visual, 

and motor scales 

increased with 50 mg 

twice daily dosage while 

further recovery was 

seen with 100 mg twice 

daily dosing with the 

patient gaining the ability 

to communicate and use 

objects thus emerging 

from MCS. However, 

dosage reductions due to 

side effect development 

resulted in the patient's 

return to baseline 

function. 

Yes, during 

treatment 

No 

Gao et al. Retrospective PVS Cerebral hemorrhage 42-66 yr Amantadine 50% (6 of 12) of Yes Yes 
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(2020a) controlled study; 

quasi-

experimental 

(n=46; 12 in 

amantadine 

group; 

male/female: 

8/4) 

treatment participants in the 

amantadine group 

regained consciousness 5 

mon after onset of PVS 

but remained severely 

disabled. 50% (6 of 12) 

of participants remained 

in PVS. Authors suggest 

that treatment with 

amantadine can 

accelerate consciousness 

recovery in PVS and 

requires further 

investigation 

Gao et al. 

(2020b) 

Observational 

study (n=7; 

male/female: 

3/4)  

UWS Severe cerebral 

hemorrhage 

45-54 yr Amantadine 

treatment 

In all seven participants, 

amantadine treatment 

resulted in improved 

consciousness 3-6 d after 

the start of 

administration. Five 

patients regained 

consciousness, recovered 

left aphasia, hemiplegia, 

and other associated 

sequelae while two 

patients improved from 

Yes Yes 
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UWS to MCS. Authors 

recommend further trials 

to study amantadine in 

this population 

Giacino et al. 

(2012) 

Multicenter, 

prospective, 

double-blind, 

randomized 

placebo-

controlled trial 

(n=184) 

VS and 

MCS 

Traumatic etiology Amantadine 

group 

(n=87): 

35.5±15.3 yr; 

Placebo 

group 

(n=97): 

37.2±15.4 yr 

Amantadine 

hydrochloride 

treatment 

Compared to placebo, 

amantadine therapy 

accelerated functional 

recovery during the 4-

week treatment period. 

Recovery slowed during 

the 2 weeks following 

treatment. Researchers 

found a similar effect of 

treatment among patients 

in VS and MCS. 

Yes Yes 

Lehnerer et 

al. (2017) 

Case report 

(n=1) 

PVS Subarachnoid 

hemorrhage 

36-yr-old 

female 

Amantadine 

treatment 

Patient recovered 

consciousness within 16 

d of amantadine 

treatment initiation and 

full orientation within 3 

mon of treatment. 

Moderate motor deficits 

and minor cognitive 

dysfunction remained 

but patient improved 

dramatically and was 

Yes Yes 
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able to speak, eat 

independently, and stand 

with assistance 

BACLOFEN  

Al-Khodairy 

et al. (2015) 

Case study (n=1) MCS TBI 26-yr-old 

male 

ITB via ITB pump Following initiation of 

ITB therapy less than 10 

mon after injury, the 

patient swiftly and 

somewhat unexpectedly 

emerged from MCS 

demonstrating 

behavioral gains, 

decreased spasticity, 

improved attention, 

concentration, and 

auditory and verbal 

comprehension. Authors 

concluded that treatment 

with ITB pump may 

improve cognition, 

augment recovery and 

facilitate recovery from 

DoC. 

Yes Yes 

Margetis et 

al. (2014) 

Prospective, 

open-label, 

observational 

VS and 

MCS 

Traumatic (n=6), 

anoxia due to cardiac 

arrest (n=1), acute 

Males aged 

20-47 yr at 

time of ITB 

ITB via ITB pump Two patients with 

chronic ITB therapy 

showed significant 

Yes Yes 
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study (n=8) obstructive 

hydrocephalus (n=1) 

pump 

implantation 

improvement consistent 

with criteria for 

emergence from MCS; 

four patients showed no 

change; and two patients 

required ITB pump 

removal due to 

complications. 

BACLOFEN and 

ZICONOTIDE 

              

Lanzillo et 

al. (2016) 

Case report 

(n=1) 

UWS TBI 42-yr-old 

male 

Ziconotide 

treatment with ITB 

Pain is an important 

aspect of DoC and its 

treatment with 

Ziconotide along with 

ITB may improve 

outcomes in patients with 

DoC 

Yes No 

MIDAZOLAM 

Carboncini 

et al. (2014) 

Case report 

(n=1) 

MCS Traumatic etiology 43-yr-old 

male 

Midazolam 

treatment 

Researchers reported 

"awakening" effect of 

midazolam. Midazolam 

was administered for 

sedation during imaging 

and then unexpectedly 

led to the patient's 

emergence into 

Yes Yes 
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consciousness with the 

ability to interact with 

persons around him and 

demonstration of 

memory gains. However, 

improvement was 

transient lasting for 

approximately 2 h. 

Improvements recurred 

with subsequent 

midazolam 

administration. Overall, 

midazolam 

administration was 

associated with 

improved patient 

cooperation, awareness, 

speech, memory, 

command following and 

understanding, and 

eventually full recovery 

of ability to interact with 

environment. Authors 

claim this is the first 

study to demonstrate 

paradoxical behavioral 
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reaction to midazolam 

though they question if 

the patient was truly in 

MCS at baseline. 

L-DOPA 

Fridman et 

al. (2019) 

Phase 0 quasi-

experimental 

clinical trial 

(n=20) 

MCS TBI 34±9 yr L-dopa treatment Administration of L-

dopa reversed the 

dopamine deficit 

measured in many 

patients with MCS and 

subsequently restored its 

biosynthesis by 

providing substrate. 

Authors suggest that L-

dopa administration may 

improve brain and 

behavioral function by 

improving dopamine 

dysfunction. Authors 

also suggest that 

interruption in dopamine 

activity to the central 

thalamus may be an 

important element in the 

pathophysiology of MCS 

Yes No 

BOTULINUM TOXIN 
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Vainshenker 

et al. (2017) 

Longitudinal 

case report (n=1) 

VS Traumatic 39-yr-old 

female 

Botulinum toxin 

combined with 

treatment protocol  

Botulinum toxin reduced 

hyperafferentation from 

spastic muscles which 

authors suggest is likely 

related to this patient's 

improvement in 

cognitive functional 

state.  

Yes No 

Wheatley-

Smith et al. 

(2013) 

Retrospective 

audit (n=10; 

male/female: 

8/2) 

VS and 

MCS 

10 patients: 5 

hypoxic brain injury, 

3 following out of 

hospital cardiac 

arrest, 1 drug 

overdose, and 1 self-

injurious behavior 

42±12.9 yr Physiotherapy 

intervention, 

manual 

stretching/passive 

movements, 

casting and 

splinting, 

management of 

spasticity with 

botulinum toxin, 

standing 

interventions 

Interventions resulted in 

reduced care-giver 

burden; however, no 

patients emerged from 

VS or MCS. 

No No 

CLONAZEPAM DOSE REDUCTION AND NEUROREHABILITATION 

Illman and 

Crawford 

(2018) 

Case report 

(n=1) 

VS TBI 27-yr-old 

male 

Clonazepam 

dosing reduction 

followed by 

neurorehabilitatio

n 

Patient emerged from VS 

19 mon following injury, 

classified as late 

emergence. Following 

shunt adjustment, the 

Yes Yes 
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team noticed a difference 

in presentation. Then, 

after Clonazepam dose 

reduction, there was 

further improvement 

with increased arousal 

and ability to respond to 

functional objects as well 

as visually track and 

localize objects on 

command which was 

classified as emergence 

from VS to MCS. In the 

following 2 mon, further 

improvement was noted 

and consistent with 

emergence from MCS as 

determined by the 

Wessex Head Injury 

Matrix. Thus, this patient 

emerged from VS over 

19 mon. Patient was then 

transferred to inpatient 

rehabilitation where he 

underwent 

multidisciplinary 



47 
 

rehabilitation from 

medicine, clinical 

psychology, speech and 

language therapy, 

physiotherapy, 

hydrotherapy, 

occupational therapy, 

music therapy, nutrition, 

social work, and 

eventually home health. 

Patient experienced 

cognitive and 

communication 

improvements such that 

he was able to participate 

in goal setting and 

demonstrated increased 

mental capacity. While 

subjective cognitive 

impairments still existed, 

the patient demonstrated 

immense gains and 

continued to improve 

over time. 

INTRANASAL NERVE GROWTH FACTOR 



48 
 

Chiaretti et 

al. (2017) 

Case report 

(n=1) 

UWS TBI 4-yr-old 

male 

Intranasal nerve 

growth factor 

Functional assessment, 

electrophysiological 

studies, and clinical 

status improved 

following treatment with 

intranasal nerve growth 

factor. Improvements 

were observed in 

voluntary movements, 

facial mimicry, 

phonation, attention and 

verbal comprehension, 

ability to cry, the cough 

reflex, oral motility, 

capacity to feed, and 

bowel and urinary 

functions. Increased 

levels of nerve growth 

factor and DCX were 

found in the patient's 

CSF following nerve 

growth factor 

administration. Authors 

conclude that nerve 

growth factor may be 

neuroprotective and 

Yes No 
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further research is 

warranted. 

AUTOLOGOUS BONE MARROW TRANSPLANTATION 

Fauzi et al. 

(2016) 

Case report 

(n=2) 

PVS Stroke 51 and 52 yr Intraventricular 

transplantation of 

autologous bone 

marrow 

mesenchymal stem 

cells via Ommaya 

reservoir 

Treatment was safe and 

led to improved 

neurologic status. 

Improvement in 

functional status was 

found in both patients 

following 

transplantation. 

Yes No 

Liem et al. 

(2020) 

Prospective case 

series (n=5) 

VS Anoxic brain injury 25-63 mon Autologous bone 

marrow-derived 

mononuclear cell 

transplant 

All participants showed 

improvement in gross 

motor function, 

cognition, and muscle 

spasticity 6 mon 

following bone marrow-

derived mononuclear cell 

transplantation with no 

serious adverse effects 

noted. One patient 

showed dramatically 

improved cerebral 

atrophy and three 

Yes No 
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showed marked 

improvements in 

communication. Overall, 

authors suggest bone 

marrow-derived 

mononuclear cell 

transplantation is safe 

and may lead to 

improvements in 

cognition, motor 

function, and muscle 

spasticity in children 

with VS. 

Tian et al. 

(2013) 

Nonrandom, 

open-labeled 

interventional 

cohort study 

(n=97; 24 of 97 

with PVS) 

PVS and 

disturbanc

e motor 

activity 

TBI PVS with 

improvement

: 21.1±3.5 yr; 

PVS with no 

improvement

: 35.3±8.4 yr 

Autologous bone 

marrow 

mesenchymal stem 

cell therapy 

Improved consciousness 

including responsive 

eyeball tracking, 

groaning, and tearing 

was seen in 45.8% of 

patients with PVS. 

Authors note younger 

age and the initiation of 

treatment as soon as 

possible following injury 

may lead to higher 

treatment efficacy. 

Yes No 

ASSISTIVE TECHNOLOGY 
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Lancioni et 

al. (2012) 

Case report in 

ABABBCB 

sequence design 

(n=1) 

MCS TBI 53-yr-old 

woman 

Microswitch 

technology and 

contingent 

stimulation 

The participant 

demonstrated adaptive 

engagement with stimuli 

suggestive of awareness 

of links between her 

responses and contingent 

stimulation. In this way, 

she exhibited behavior 

suggestive of learning. 

Authors suggest that this 

method of adaptive 

responding to contingent 

stimulation might 

contribute to improved 

alertness and arousal in 

DoC patients related to 

its promotion of learning 

and self-determination.  

Yes No 

Lancioni et 

al. (2015) 

Experimental 

study with 

ABAB design 

(n=8) 

MCS Hemorrhagic, TBI, 

anoxic injury, 

ischemic 

36-80 yr Assistive 

technology 

Assistive technology 

may improve response 

and stimulation control 

in participants with MCS 

that may help them 

develop an active role 

and demonstrate self-

determination. Use of 

Yes No 
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such technology may 

promote functional 

responses and control of 

stimulation may in turn 

increase alertness, self-

determination, and 

personal 

involvement/enjoyment. 

These factors may 

augment recovery. 

Lancioni et 

al. (2017) 

Single-subject 

ABAB design; 

experimental 

(n=11) 

MCS Ischemic, 

hemorrhagic, 

encephalopathy, 

encephalitis 

38-81 yr Microswitch aided 

program 

Response frequencies 

and thus input from 

participants in response 

to stimuli were increased 

in all participants during 

the experimental phase. 

Data support that the 

microswitch aided 

program helped 

effectively train MCS 

individuals to develop 

control of response and 

stimulation. These data 

support previous work 

studying similar 

technologies by the same 

Yes No 
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authors. 

Müller-Putz 

et al. (2012) 

Quasi-

experimental 

(n=9) 

MCS x 21-66 yr Auditory single 

switch brain 

computer interface 

Results showed 

significant differences in 

response to deviant and 

frequent tones on EEG in 

all patients. While results 

are encouraging, further 

research will be required 

to assess whether this 

technology improves 

recovery of 

consciousness in persons 

in MCS. 

No No 

REHABILITATION/NEUROREHABILITATION 

Baricich et 

al. (2017) 

Prospective 

cohort study 

(n=49) 

VS, MCS, 

and locked 

in 

syndrome 

Severe brain injury 29.34±19.12 

yr 

Rehabilitation 

with passive ROM 

and use of tilt table 

+ slow-to-recover 

brain in jury 

program  

Over the 4-yr study 

period, 6 of the 49 

participants transitioned 

from VS to MCS, 1 

participant showed a 

locked in syndrome, 8 

dropped out, and 29 died. 

At the 36-mon mark, 10 

participants in VS 

remained of which 3 

Yes Yes 



54 
 

transitioned from VS to 

MCS, 5 remained in VS, 

and 2 died. Overall, the 

authors showed 14.29% 

recovery of participants 

who regained 

consciousness to move 

from VS to MCS.  

Eifert et al. 

(2013) 

Program 

description and 

case report (n=1) 

VS Severe TBI 18-yr-old 

male 

Neurorehabilitatio

n with 

physiotherapy, 

neuropsychology, 

occupational 

therapy, oral tract 

therapy, and music 

therapy as needed 

integrated into 

intensive care 

treatment 

This neurorehabilitation 

program led to 

significant 

improvements in level of 

consciousness and 

functional abilities; 

however, this patient had 

not regained 

independence in 

activities of daily living 

at the time of publication. 

Yes No 

Eilander et 

al. (2016) 

Cross sectional 

cohort study 

(n=44) 

VS/UWS 

and MCS 

TBI and non-TBI Children and 

young adults 

Follow-up study 

10-12 yr after 

various 

neurorehabilitatio

n programs 

Two thirds of 

participants who had 

regained consciousness 

following initial 

intensive 

neurorehabilitation 

program 10-12 yr earlier, 

Yes Yes 
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were living 

independently while two 

thirds of participants who 

remained in VS/UWS or 

MCS at program 

discharge had since died. 

Gurin et al. 

(2022) 

Retrospective 

observational 

study (n=21) 

VS/UWS 

and MCS 

COVID-19 > 18 yr Early 

neurorehabilitatio

n consisting of 

multimodal 

sensory 

stimulation, and, 

in patients with 

CRS-R scores < 8, 

upright 

repositioning, 

gentle stretching, 

ROM exercises, 

oral care, music, 

exposure to 

familiar stimuli. 

When patients 

improved, addition 

of situational 

commands, 

personally relevant 

More than half (57%) of 

participants recovered 

consciousness, 

transitioning to MCS or 

better following 

neurorehabilitation. 

Yes Yes 
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questions, early 

mobilization, 

functional object 

use, use of 

speaking valves, 

alternative/adaptiv

e communication 

systems, 

swallowing trials, 

and family 

involvement. 

Neurostimulants 

were used in select 

patients to 

promote 

consciousness 

Jang et al. 

(2016a) 

Case report 

(n=1) 

VS Traumatic 54 yr Comprehensive 

rehabilitation 

including 

neurotropic drugs 

modafinil, 

methylphenidate, 

ropinirole, and 

baclofen along 

with physical 

therapy and 

Patient regained the 

ability to follow verbal 

commands and 

recovered from VS to 

MCS though this change 

in clinical diagnosis was 

only partly attributed to 

rehabilitative therapy as 

a shunt operation 

performed around the 

Yes Yes 
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occupational 

therapy. 

same time was found to 

provide benefit as well. 

However, the patient 

experienced further 

recovery with continued 

rehabilitation.  

Jang et al. 

(2020) 

Observational 

case report (n=1) 

MCS Hypoxic-ischemic 

brain injury 

31-yr-old 

female 

Comprehensive 

rehabilitation with 

neurotropic 

medications 

(methylphenidate, 

amantadine, 

bromocriptine, 

pramipexole, and 

levodopa), 

physical therapy, 

and occupational 

therapy 

Following the 

comprehensive 

rehabilitation therapy, 

recovery happened over 

time with the patient 

regaining consciousness 

over about 6 yr 

Yes Yes 

Jang et al. 

(2016b) 

Case report 

(n=1) 

VS Stroke 59-yr-old 

male 

Comprehensive 

rehabilitative 

including 

neurotropic drugs 

(modafinil, 

methylphenidate, 

amantadine, 

levodopa, 

Patient recovered from 

VS to MCS. Researchers 

found increased neuronal 

activity in the prefrontal 

cortex and thalamus 

regions. 

Yes Yes 
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zolpidem, and 

baclofen), physical 

therapy, and 

occupational 

therapy 

Howell et al. 

(2013) 

Retrospective 

cohort study 

(n=113) 

Coma, VS, 

and MCS 

Anoxic-ischemic 

encephalopathy due 

to cardiac arrest 

19-92 yr Neurorehabilitatio

n program 

22 patients emerged into 

consciousness; good 

functional outcome was 

reached in 7 patients, of 

which 5 reached this 

outcome in 8 weeks of 

treatment. Authors 

suggest that inpatient 

neurorehabilitation 

offers hope for functional 

neurobehavioral 

improvement though it 

may take 3 mon to begin 

to appreciate significant 

improvement 

Yes Yes 

Sattin et al. 

(2020) 

Observational 

study (n=364) 

VS and 

MCS 

Traumatic, 

hemorrhagic/ischemi

c stroke, post-anoxic 

injury, and mixed 

events  

Median age 

55.5 yr 
 

Rehabilitation 

(physical and 

cognitive) 

Data suggests that 

rehabilitation treatments 

are effective and should 

be included in the 

treatment plan for 

patients with DoC. 

Yes No 
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Klein et al. 

(2013) 

Retrospective 

single-center 

cohort study 

(n=63; 

male/female: 

19/44) 

VS and 

MCS 

Aneurysmal 

subarachnoid 

hemorrhage 

58±14 yr Neurorehabilitatio

n  

19% of participants 

reached an improved 

functional outcome 

while 39.7% reached an 

improved behavioral 

outcome after median 

neurorehabilitation time 

of 11 and 9 weeks 

respectively. Clinical 

improvement was seen 

approximately 6 mon 

following the start of 

neurorehabilitation 

Yes No 

Lee et al. 

(2020) 

Retrospective 

study (n=50) 

VS and 

MCS 

Traumatic and 

nontraumatic 

etiologies 

Median age 

46 yr 

Neurorehabilitatio

n with 

pharmacologic 

treatments 

46% of subjects 

recovered from DoC and 

regained consciousness 

after a median of 200 d 

during 

neurorehabilitation. 

Predictors of emergence 

from DoC included: 

MCS vs. VS, shorter lag 

time, absence of intra-

axial lesions, and higher 

auditory, 

communication, arousal, 

Yes Yes 
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and total CRS-R scores 

León-

Carrión et al. 

(2014) 

Case report 

(n=1) 

VS TBI 24-yr-old 

male 

Neurorehabilitatio

n using the 

combined method 

therapy - 

neurorehabilitatio

n with concurrent 

pharmacologic 

treatment, 

stimulation, and 

neuroimaging 

Combined 

neurorehabilitation 

treatment method 

improves posterior and 

anterior cortical 

connectivity thus 

promoting recovery from 

VS. 

Yes No 

Steppacher 

et al. (2016) 

Case study (n=1) UWS TBI Age 18 yr at 

time of injury 

Multimodal 

intensive early and 

late rehabilitation 

with continued at 

home treatment 

and interval 

hospitalization 

Patient followed for 10 

yr. Patient gradually 

improved over 10 yr of 

follow-up. At 10 yr, he is 

able to live 

independently and 

complete all activities of 

daily living. He is able to 

walk, ride a bike, and use 

stairs. While memory is 

reduced and speech is 

slow, he is able to 

communicate well using 

speech. 

Yes Yes 
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PHYSIOTHERAPY  

Wheatley-

Smith et al. 

(2013) 

Retrospective 

audit (n=10; 

male/female: 

8/2) 

VS and 

MCS 

Hypoxic brain injury, 

out of hospital 

cardiac arrest, 

recreational drug 

overdose, and self-

injurious behavior 

42±12.9 yr Physiotherapy 

intervention, 

manual 

stretching/passive 

movements, 

casting and 

splinting, 

management of 

spasticity with 

Botulinum toxin, 

standing 

interventions 

Interventions resulted in 

reduced care-giver 

burden; however, no 

patients emerged from 

VS or MCS 

No No 

POSITIONING 

Frazzitta et 

al. (2016) 

Parallel-group, 

single-blind 

randomized 

clinical pilot 

study (n=40) 

VS and 

MCS 

Severe acquired 

brain injury 

Exp group 

53±15 yr; 

control group 

69±16 yr 

Early stepping 

verticalization 

protocol 

Short- and long-term 

functional and 

neurological benefits 

were observed with 

stepping verticalization 

protocol 

Yes No 

Krewer et al. 

(2015) 

Randomized 

controlled 

clinical trial 

(n=50) 

VS and 

MCS 

Traumatic, 

intracerebral 

bleeding, ischemic 

infarction, hypoxic 

brain damage 

18-75 yr Tilt table therapy 

with and without 

integrated stepping 

device 

Rate of recovery in 

conventional tilt table 

group increased 

significantly; tilt table 

with integrated stepping 

device did not show 

Yes, as adjunctive 

treatment 

No 
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significant benefit 

compared to 

conventional tilt table 

group; verticalization in 

general is beneficial to 

DoC patients and authors 

recommend its addition 

to treatment protocols for 

patients with DoC; no 

significant change in 

spasticity in either group 

Okubo 

(2011) 

Case study (n=3) VS Hemorrhage Case one: 54-

yr-old 

woman; case 

two: 78-yr-

old woman; 

case three: 

55-yr-old 

man 

Sitting without 

back support 

position 

Authors report "at least 

some improvement" in 

consciousness with 

"subtle changes" to 

"pronounced 

improvements" in 

measures such as 

Kohnan PCD scale score 

and EEG activity. 

Intervention was costly 

in terms of time and 

effort. Further 

investigation is 

warranted. 

Yes, as adjunctive 

treatment 

No 

SYMPTOM MANAGEMENT  
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Thibaut et al. 

(2015b) 

Cross-sectional 

study (n=65); 

correlational 

MCS Traumatic 44±14 yr Clinical 

rehabilitation to 

manage spasticity 

Improvements in 

spasticity may improve 

overall rehabilitation and 

provide for better 

recovery of patients with 

DoC while also 

increasing quality of life. 

Spasticity was found to 

correlate with pain, an 

important finding as 

researchers highlighted 

the importance of pain 

management to overall 

rehabilitation. 

Yes; 

marginal/adjunctiv

e 

No 

Thibaut et al. 

(2015a) 

Prospective 

randomized 

single-blind 

controlled trial 

(n=17) 

VS/UWS 

and MCS 

TBI, anoxia, 

hemorrhagic 

42±12 yr Soft splints Both soft splinting and 

manual stretching for 30 

min led to improved 

spasticity of the finger 

flexors in patients with 

DoC. Thirty min of soft 

splinting led to improved 

hand opening ability. 

There were no 

differences observed 

between VS/UWS and 

MCS subjects. 

Yes, as adjunctive 

treatment 

No 
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MUSIC THERAPY 

Castro et al. 

(2015) 

Quasi-

experimental 

study (n=26; 13 

participants with 

DoC; 

male/female: 

10/3; 13 age 

matched 

controls) 

VS and 

MCS 

Traumatic, anoxic, 

metabolic, or 

tumorous etiologies 

DoC: 

41.5±16 yr; 

control: 

40.8±15 yr 

Music In patients with VS and 

MCS, music improved 

cognition. Ability to 

discriminate the subject's 

own name following 

music was significantly 

associated with patient 

outcome such that 7 of 7 

patients who 

demonstrated 

discrimination went on to 

gain additional 

behavioral responses 6 

mon later demonstrating 

favorable outcomes. 

According to this study, a 

favorable outcome was 

defined as gains in 

behavioral response, in 

some cases indicative of 

MCS or emergence from 

MCS. On the other hand, 

6 of 6 patients who did 

not demonstrate ability to 

discriminate the subject's 

Yes No 
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own name in either the 

music or control 

conditions, suffered 

unfavorable outcomes 

including remaining in 

the original DoC or 

succumbing to their 

illness in the 6 mon 

following this study. 

Authors suggest that 

arousal and awareness 

are likely improved due 

to personal and 

emotional aspects of 

music. 

Heine et al. 

(2015) 

Quasi-

experimental 

(nonrandomized 

group design) 

(n=5) 

UWS and 

MCS 

 
50±10 yr Preferred music 

stimulation 

Compared to control 

conditions, preferred 

music showed increased 

functional connectivity 

of the auditory network 

and external network. 

Findings suggest that 

preferred music showed 

increased functional 

connectivity in primary 

auditory brain cortices 

Yes No 
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linked to consciousness, 

music perception, and 

autobiographical 

memory 

Lee et al. 

(2011) 

Case study (n=1) VS Hemorrhagic stroke 

from AVM 

Mid-40s 

male 

Music therapy Significant changes were 

observed after 14 d of 

music therapy. 

Cardiovascular and 

circulatory system 

activation/enhancement 

such that body 

circulation improved in 

response to music 

therapy. 

Yes No 

O'Kelly et al. 

(2013) 

Cohort study 

(n=41) and 3 

case reports 

VS and 

MCS 

Traumatic, hypoxic, 

hemorrhagic 

22-76 yr; 

case one: 35-

yr-old 

female; case 

two: 49-yr-

old male; 

case three: 

24-yr-old 

female 

Music therapy Music therapy elicited 

arousal and selective 

attention in patients with 

DoC. In two case studies 

among VS patients, 

discriminatory responses 

were observed between 

music stimuli. Music 

therapy may improve or 

support neuroplasticity 

to promote functional 

improvements. Authors 

Yes No 
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call for consideration and 

further study towards the 

benefit of its addition to 

neurorehabilitation for 

patients with DoC. 

Findings support that 

music therapy may 

present a sensitive 

assessment tool to 

differentiate VS from 

MCS.  

Okumura et 

al. (2014) 

Quasi-

experimental 

study (n=28; 5 

VS, 2 MCS, 21 

healthy adults) 

VS and 

MCS 

Diffuse brain injury 16-55 yr Music stimulation In healthy adults, 

participants with MCS, 

and one participant with 

VS, music stimulation 

activated the bilateral 

temporal superior gyri. 

This one VS participant 

recovered consciousness 

from VS to MCS 4 mon 

following music 

stimulation. No 

significant temporal 

superior gyri activation 

was seen in VS group 

undergoing the same 

Yes No 
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music stimulation. 

Raglio et al. 

(2014) 

Controlled 

observational 

case series study 

(n=10) 

VS and 

MCS 

Anoxia, hemorrhage, 

head injury 

x Music therapy Improvements were 

observed in both VS and 

MCS; however, more 

improvements were seen 

in MCS patients. MCS 

group showed 

improvement in 

behaviors including eye 

contact, smiles, 

communication through 

use of objects and voice, 

and decreased 

demonstration of 

annoyance or suffering 

through expressions. VS 

group only demonstrated 

an increase in eye 

contact. Authors 

conclude that music 

therapy increase brain 

activity, reduces stress, 

potentially promotes 

Yes No 
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relaxation, and could 

therefore be a beneficial 

addition to the 

rehabilitation process. 

Ribeiro et al. 

(2014) 

Pilot study; 

quasi-

experimental 

design (n=26) 

VS Irreversible brain 

injury 

x Music stimulation Study assessed changes 

in vital signs and facial 

expression following 

music stimulation. Radio 

increased systolic blood 

pressure, heart rate, 

respiratory rate, and 

blood oxygen saturation 

while classical relaxing 

music reduced 

respiratory rate and 

increased blood oxygen 

saturation, and relaxing 

music with nature sounds 

reduced blood pressure, 

heart rate, and 

respiratory rate and 

increased blood oxygen 

saturation. Authors 

found that musical 

stimulation may lead to 

state of relaxation in this 

Yes No 
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patient population. 

Steinhoff et 

al. (2015) 

Pilot 

interventional 

cohort study 

(n=4) 

UWS UWS after CPR x Music therapy Music therapy activates 

the frontal, hippocampal, 

and cerebellar regions of 

the brain with higher 

tracer uptake on PET 

imaging after 5 weeks 

when compared to 

control group. 

Yes No 

ANIMAL THERAPY 

Boitier et al. 

(2020) 

Case study (n=1) MCS TBI and subsequent 

complications 

28-yr-old 

female 

Animal assisted 

therapy  

Results support that 

animal assisted therapy 

for patient in MCS can be 

beneficial resulting in 

increased awareness and 

arousal while the animal 

is present 

Yes No 

Hediger et 

al. (2019) 

Randomized two 

treatment multi-

period crossover 

trial (n=10) 

MCS Traumatic and non-

TBI 

Age: 17 to 71 

yr (mean 

47.20±19.36 

yr) 

Animal assisted 

therapy 

During animal assisted 

therapy, more behavioral 

reactions and increased 

physiologic arousal as 

indicated by heart rate 

and heart rate variability 

was found compared to 

control sessions. Authors 

Yes No 
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suggest that results 

indicate animal assisted 

therapy may result in 

increased consciousness 

during sessions 

Arnskötter et 

al. (2021) 

Pilot study with 

controlled 

within-subject 

design (quasi-

experimental) 

(n=4) 

MCS Non-TBI Experiment: 

mean age 37 

yr 

Control: 

mean age 50 

yr 

Animal presence Study aimed to measure 

the response to 

interaction with a live 

animal versus control toy 

animal in patients in 

MCS and healthy 

controls. When stroking 

the live animal versus the 

control toy animal, three 

of four subjects 

demonstrated a stronger 

response measured by 

functional near infrared 

spectroscopy. Elevated 

neural activity in frontal 

cortex was associated 

with animal interaction 

as neurovascular 

reactions were 

appreciated when MCS 

patients interacted with 

Yes No 
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animals. Live animal 

interactions were 

associated with 

emotional processing. 

ACUPUNCTURE 

Matsumoto-

Miyazaki et 

al. (2016a) 

Crossover quasi-

experimental 

study (n=11; 

male/female: 

11/0) 

VS/UWS 

and MCS 

TBI Mean age 

33±14 yr 

Acupuncture Reduction in spinal 

motor neuron excitability 

was appreciated via 

reduced F-wave/M-wave 

amplitude ratio 

following acupuncture 

treatment compared to 

control where no 

significant changes in F-

wave/M-wave amplitude 

ratio were detected. 

These data suggest the 

benefit of acupuncture 

for muscle spasticity 

hypertonia in patients 

with DoC. First study to 

evaluate the effect of 

acupuncture on spinal 

motor neurons using F-

wave measurements in 

persons with DoC. 

Yes No 
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Matsumoto-

Miyazaki et 

al. (2016b) 

Quasi-

experimental 

study (single-

group pretest-

posttest design) 

(n=14) 

VS and 

MCS 

TBI 39±17 yr Acupuncture Cortico-spinal system 

excitability was 

increased following 

acupuncture treatment. 

Authors suggest that 

acupuncture may 

improve motor function. 

Yes No 

Song et al. 

(2018) 

Case report 

(n=1) 

PVS TBI 5-yr and 3-

mon-old 

male 

Xingnao Kaiqiao 

acupuncture, oral 

Angong Niuhuang 

Wan, and 

Xingnaojing 

intravenous drip 

Authors describe 

significant health 

improvement to a level 

similar to a healthy child 

of the same age 

Yes Yes 

PERSONAL OBJECTS 

Di Stefano et 

al. (2012) 

Interventional 

clinical trial; 

single case 

design using A-

B-C-B-A 

paradigm (n=12) 

VS and 

MCS 

Non-communicative 

patients with brain 

injury 

Average age 

30.75 yr 

(range 20-43 

yr) 

Enriched 

stimulation with 

biographically 

meaningful objects 

in an immersive 

environment 

Context of stimulation 

led to differing patient 

response with familiar 

objects in an augmented 

environment bringing 

about greater variety of 

behavioral responses. 

Authors suggest that 

such stimulation may 

improve active behaviors 

in individuals with VS 

and MCS. While not 

No No 
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statistically significant, 

patients in MCS 

exhibited more 

behavioral gains 

compared to VS patients. 

Results suggest that the 

personal relevance, 

internal consistency, 

verbal content, and 

emotional value of a 

stimulation program that 

is personalized are the 

main factors in 

determining treatment 

success. Author stress 

that these results do not 

speak to cognitive ability 

as this was not a stated 

aim of the study. 

CRANIOPLASTY 

Corallo et al. 

(2015) 

Case report 

(n=1) 

MCS Hemorrhage 55-yr-old 

male 

Cranioplasty Significant improvement 

in consciousness and 

cognition as well as 

activities of daily living 

and IADL index scores 

following cranioplasty. 

Yes Yes 
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Patient recovered 

cognitive, behavioral, 

and motor functions that 

authors claim is 

"partially related to a 

proper cranioplasty". 

Patient transitioned from 

VS to MCS and then 

regained partial 

autonomy to emerge 

from MCS into 

consciousness. 

Note: CNC: Coma-Near-Coma; CPR: cardiopulmonary resuscitation; CRS-R: Coma Recovery Scale-Revised; CV: cardiovascular; DCX: doublecortin; DoC: disorders of consciousness; 

EEG: electroencephalogram; FDG: fluorodeoxyglucose; GABA: gamma-aminobutyric acid; ITB: intrathecal baclofen; L-dopa: levodopa; LOC: level of consciousness; MCS: minimally 

conscious state; PCD: prolonged consciousness disturbance; PEG: percutaneous endoscopic gastrostomy; PET: positron emission tomography; PVS: persistent vegetative state; ROM: 

range of motion; rTMS: repetitive transcranial magnetic stimulation; SCS: spinal cord stimulation; TBI: traumatic brain injury; tDCS: transcranial direct current stimulation; TMS: 

transcranial magnetic stimulation; TMS-CF: corticomotor facilitation induced by transcranial magnetic stimulation; UWS: unresponsive wakefulness syndrome; VS: vegetative state; 

x: information not available. 

 

 


