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Disturbance of consciousness is due to the failure of the arousal
system, which is very common among patients who suffer from se-
vere brain injuries. Although therapeutic strategies for uncon-
sciousness arousal have been studied worldwide for decades, no
strong evidence could be seen from the clinical outcomes. Electrical
stimulation, especially median nerve electrical stimulation (MNS),
has drawn much attention for coma therapy in recent years, yet
no report is found on trigeminal nerve electrical stimulation
(TNS) in this area. Here, we present a case report of a patient
with 3-month history of unconsciousness after pituitary tumor
resection. The patient successfully gained consciousness from 6
weeks of continuous TNS. We report for the first time on coma
arousal by TNS application, which provides unique insight for the
future clinical works.

Case report

A 40-year-old man was presented to the rehabilitation depart-
ment with a 3-month history of unconsciousness with history of pi-
tuitary tumor resection 3 months prior to admission, followed by
lateral ventricle dilatation and disturbance of consciousness. Resus-
citating therapies including hyperbaric oxygen therapy, compre-
hensive sensory stimulation, median nerve electrical stimulation
(MNS) and conventional drugs were employed but no significant
improvement was recorded.

Physical examination revealed normal vital signs, with normal
cardiopulmonary findings. No obvious edema and hemorrhage
were found on the computed tomography (CT) scan of the brain.
Glasgow Coma Scale (GCS) revealed a cumulative score of 7 (Eye:
2; Verbal: 1; Motor: 4), demonstrating a severe state of uncon-
sciousness. Additional clinical signs included diminished tendon
reflexes of the limbs and a positive Babinski sign on the left side.
Complete blood cell count, renal function test, liver function test
and cerebrospinal fluid test were normal.

Diagnosis
Persistent vegetative state (PVS).
Novel therapeutic strategy to this patient
After receiving the informed consent of the patient's spouse, we

started trigeminal nerve electrical stimulation (TNS) treatment on
the patient. Low-frequency electrical neuromuscular stimulator
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perior orbital fissure and suborbital foramen to stimulate the
ophthalmic nerve (V1) and the maxillary nerve (V2). The stimula-
tion parameters were set at a current intensity of 18—20mA with
a pulse width of 200 microseconds at 40 Hz for 30 sec/min. The
TNS treatment was done continuously for 6 h per day for a total
of 6 weeks.

Functional MRI (fMRI) examination was performed immediately
before and after the TNS treatment to evaluate the patient's activity
maps. First, several preprocessing steps were conducted as
following: remove the first 10 vol, slice-timing correction, head mo-
tion correction, spatial normalization, nuisance covariates regres-
sion, band-pass filter (0.01—0.1 Hz), to remove the spurious noise.
Then, we set each voxel as nodal, inter-nodal Pearson's correlation
coefficient (r) as weight to construct the voxel wise network. De-
gree centrality (DC) for each voxel was computed by counting the
number of the connections of the voxel with other voxels in the
whole brain. Finally, we converted the DC value to z-scores, and
compared the zDC value to detect the changes of brain activity.

Outcome

The patient gained spontaneous eye opening and exclamatory
articulated speech four weeks after TNS treatment, with a GCS
score 11 (Eye: 4; Verbal: 3; Motor: 4). We continued the therapy
for 2 more weeks and successfully awakened the patient fully,
with a GCS score of 15 (Eye: 4; Verbal: 5; Motor: 6).

During the therapeutic process, blood testing and cerebrospinal
fluid test were found to be normal. The muscle strength of all four
limbs was level 4. Diminished tendon reflexes and a positive Babin-
ski sign on the left side remained unchanged. fMRI revealed signif-
icant differences of degree centrality (DC) between the pre-scan
and post-scan of the patient in several brain regions (Fig. 1), which
were located in cerebelum_Crus2 (CB_Crus2), inferior temporal gy-
rus (ITG), inferior frontal gyrus, triangular part (IFGtriang), postcen-
tral gyrus (PoCG), precentral gyrus (PreCG), and supplementary
motor area (SMA), indicated the brain activity changes after the
TNS treatment.

Discussion

Disturbance of consciousness is very common among patients
who suffered from severe brain injuries, such as traumatic brain
injury (TBI) and major complications post-craniocerebral operation
[1,2]. Several therapeutic attempts developed for unconsciousness
arousal have been promising, including pharmacological agents,
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A Peak location Peak Peak coordinate
Index No. of voxels in MNI space
(AAL-90) d-value

X y z
1 CB_Crus2.L 100 4.43 -39 =72 -45
2 ITG.R 233 4.42 48 -48 -24
3 IFGtriang.L 94 -4.26 -45 21 0
4  PoCG.L 101 -4.31 -60 -18 24
5 PreCG.L 115 -4.97 -36 -21 60
6 SMA.R 107 -5.42 3 6 75
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Fig. 1. Degree centrality analysis between the pre-scan and post-scan in the patient
using fMRI scan. (A) Brain regions showing significant differences in the degree cen-
trality (DC) between the pre-scan and post-scan in the patient (d>2.18, cluster
number>90, Uncorrected)). The brain regions were reported by the Anatomical
Automatic Labeling (AAL-90) template with xjview8 (http://www.alivelearn.net/
xjview/). (B) Brain regions with significant differences in the degree centrality (DC)
between the pre-scan and post-scan in the patient (d > 2.18, cluster number>90, Un-
corrected). The warm (cool) color means significantly increased (decreased) DC in the
post-scan compared to the pre-scan in the patients. Abbreviations: CB_Crus2, cer-
ebelum_Crus2; ITG, inferior temporal gyrus; IFGtriang, inferior frontal gyrus, triangular
part; PoCG, postcentral gyrus; PreCG, precentral gyrus; SMA, supplementary motor
area; L (R), left (right) hemisphere. (For interpretation of the references to color in this
figure legend, the reader is referred to the Web version of this article.)

hyperbaric oxygen therapy, comprehensive sensory stimulation,
music therapy, transcranial magnetic stimulation and surgical
treatment. Although vast studies have been conducted, no strong
evidence was found for these approaches [3,4]. Thus, there is an ur-
gent need to develop more effective strategies to enhance patient's
full recovery.

Electrical stimulation for coma or PVS has been increasingly
studied over the past decades, especially in the erea of MNS. How-
ever, the mechanisms of MNS on coma arousal were yet to be fully
understood.

TNS appears to be an effective approach to manage some neuro-
logical disorders, such as epilepsy and depression [5,6]. Our patient
gained full consciousness from 6 weeks of continuous TNS. To the
best of our knowledge, TNS has never been reported to be used in
coma or PVS before. Interestingly, in vivo study showed that TNS
manifested neuroprotective effects in rat model of TBI [7]. The
mechanism of TNS on neuroprotection after TBI may include cere-
bral blood flow (CBF) and metabolism improvement. In our case, we
found increased DC in cerebellum and ITG.R after TNS, and
decreased DC in several regions including IFGtriang, PoCG, PreCG
and SMA. These brain regions have been suggested as being
involved in a variety of functions, such as language, attention, work-
ing memory, visual consciousness, motor-related information pro-
cessing and somatic sensory function, etc. [8—10]. Although the
exact role of the DC alterations of these regions remains unknown,

we speculate that the brain CBF and metabolism were regulated to
some degree after TNS in this particular patient. In addition, there
may be some other reasons for the effectiveness of TNS on uncon-
sciousness awakening. One rationale is that the trigeminal nervous
branches are peripheral portals to the central nervous system, and
the sensory representation of the face in the cortex is dispropor-
tionately large compared to other parts of the body. Another hy-
pothesis is that the sensory root of trigeminal nerve may have
nerve fibers connecting with the reticular formation of the brain
stem, while TNS may help maintain physiological arousal by acti-
vating the ascending reticular activating system.

Although the outcome of the patient in this case is encouraging,
the precise mechanism of TNS is still unknown. Furthermore, we
are not able to eliminate the possibility of spontaneous awakening
in this patient. Thus, more in-depth researches should be done to
provide sufficient evidence for a wider application of TNS on
coma or PVS in clinical practice.
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