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Abstract: To explore the relevant factors that affect the efficacy of consciousness-regaining therapy
(CRT)for prolonged disorder of consciousness(pDOC),a retrospective analysis was conducted on
the case data of 114 patients with pDOC admitted to department of functional neurosurgery of
Tianjin Huanhu Hospital from January 2019 to January 2022. Basic information on the cases,data on
pDOC disease assessment, consciousness-regaining therapy methods, and efficacy evaluation were
collected. A total of 114 patients were grouped and compared based on the efficacy at the end of
treatment. Among them, there were 61 cases in the ineffective group and 53 cases in the effective
group. There was no statistically significant difference (P>0.05) between the two groups in terms of
gender, age, etiology, acute cerebral herniation, emergency craniotomy surgery, emergency
decompressive craniectomy, time from onset to start of consciousness-regaining therapy, and
duration of consciousness-regaining therapy(P>0.05). However, there were statistically significant
differences (P<0.05) in terms of secondary hydrocephalus, consciousness-regaining therapy
methods, CRS-R grading before treatment, and GOSE score at 6 months after treatment. Binary
logistic regression analysis showed that the type of therapy (OR=0.169, 95% CI: 0.057-0.508) was a
related factor affecting the efficacy of consciousness-regaining therapy (P<0.05).Compared with
non-invasive therapy, personalized awakening therapy using various invasive consciousness-
regaining therapy methods can help improve the efficacy of therapy for pDOC.

Keywords: prolonged disorder of consciousness;consciousness-regaining therapy; recovery; factors;
efficacy

1. Introduction

Disorder of consciousness(DOC) is a change in consciousness state caused by damage or
dysfunction of the nervous system that regulates arousal and consciousness [1,2]. Patients who fall
into coma during the acute phase after brain injury exhibit a lack of both awakening and
consciousness. After recovering from a coma, some patients exhibit a state of unresponsiveness to
external stimuli (or only simple reflex movements unrelated to commands) and are diagnosed with
vegetative state/unresponsive arousal syndrome (VS/UWS) [4]. If a patient exhibits evidence of clear
self or environmental conscious behavior despite fluctuations, it can be diagnosed as being in a
minimally conscious state(MCS) [5]. A consciousness disorder lasting more than 28 days is referred
to as prolonged disorder of consciousness(pDOC) [6]. Considering the heavy economic burden and
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mental pressure brought by pDOC to society and families [7], how to provide better consciousness-
regaining therapy for pDOC patients is currently a hot topic in clinical research. A series of clinical
treatment have been formed, including drug therapy, non-invasive brain stimulation therapy,
invasive deep brain electrical stimulation therapy, spinal cord electrical stimulation surgery, etc.,
which have given hope for improving the condition of many pDOC patients [6,8,9]. However, various
factors such as different etiologies, severity of the condition, and treatment methods may affect the
prognosis of patients with pDOC [10]. Currently, there is still a lack of large-scale case studies in the
treatment of pDOC. Here is a summary of our center’s experience in the consciousness-regaining
therapy for pDOC.

2. Materials and Methods

2.1. Participants

This study included patients of pDOC admitted to the Functional Neurosurgery Department of
Tianjin Huanhu Hospital from January 2019 to January 2022, including basic information of the cases
(gender, age, etc.), the condition during the acute phase, etiology, onset time, duration of treatment,
comorbidities, methods of consciousness evaluation, methods of consciousness-regaining therapy,
and efficacy.

Inclusion criteria: (1). Meets the diagnostic criteria for pDOC [6,11]; (2). Admitted into the
functional neurosurgery department of our hospital for consciousness assessment and
consciousness-regaining therapy; (3). Data of pDOC cases are complete.

Exclusion criteria: (1).Patients who have not received complete consciousness assessment and
consciousness-regaining therapy.(2).pDOC patients with incomplete treatment information.

2.2. Assessment methods for consciousness disorders

The evaluation of pDOC was mainly based on the JFK Coma Recovery Scale-Revised (CRS-R),
combined with other multimodal evaluations such as neurophysiological monitoring, imaging
examination, and laboratory testing. The Glasgow Coma Scale (GCS) score was used for evaluating
the condition during the acute phase. CRS-R was conducted before the start of consciousness-
regaining therapy after admission, during treatment, and after treatment.

As a supplement to clinical behavioral evaluation, it was not required that all patients
underwent all the other multimodal evaluations. The imaging examination methods include brain
CT and MRI examinations at different stages of the disease, cerebral vascular imaging CTA, MRA
and DSA, cerebral perfusion imaging PWI and CTP, brain diffusion tensor imaging DTILfunctional
MRI(fMRI) etc. Some patients underwent neurophysiological examinations,such as 24-hour video
EEG monitoring of patients; evoked potentials including brainstem auditory evoked potential
(BAEP), somatosensory evoked potential (SEP), and visual evoked localization (VEP);event related
potentials (ERP) including mismatch negativity(MMN) and P300, etc.

2.3. Grouping and Treatment Strategies of Consciousness-Regaining Therapy

According to whether the patient received surgical treatment related to CRT, all the cases
included were divided into non-invasive group and invasive group. Non-invasive treatment includes:
drug treatment, including oral amantadine and other resuscitation drugs, and hyperbaric oxygen
treatment, median nerve electrical stimulation, acupuncture and moxibustion treatment, music
therapy and other rehabilitation wake-up treatment. Invasive treatments include:Cranioplasty(CP),
Ventriculoperitoneal shunt/Lumboperitoneal shunt(VPS/LPS), DBS surgery, SCS surgery, Vagus
nerve electrical stimulation (VNS) surgery, etc. The preferred surgical method for hydrocephalus
diversion is ventriculoperitoneal shunt(VPS). When the conditions for VPS are not available or the
patient’s family refuses, LPS is chosen. The target of DBS is the bilateral centromedian-parafascicular
complex of thalamus (CM-pf). If electrodes cannot be placed on one side due to cranioplasty or other
reasons,the other side can be placed only, and it can be placed on the same side with the VPS tube.
The electrode placement site for SCS is on the dorsal side of the epidural layer at the level of 2-4
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vertebral body of the cervical spine.Invasive therapy is carried out on the basis of non-invasive
therapy that has already been performed.

The treatment of pDOC adopts a phased strategy: (1) In the acute phase, the main focus is on
treating the primary disease, while also treating various complications and maintaining the stability
of vital signs; (2) During the 1-3 months of the pDOC period, non-invasive CRT treatment measures
such as rehabilitation therapy,median nerve electrical stimulation (MNS) and hyperbaric oxygen
therapy should be carried out, and cranioplasty should be carried out as soon as possible. (3)The
restoration of cranial cavity morphology treatment inclued cranioplasty and hydrocephalus shunt
surgery.Patients with hydrocephalus should undergo ventriculoperitoneal shunt (VPS)surgery.
Currently lumbar cistern peritoneal shunt(LPS) surgery is another choice.After the restoration of
cranial cavity morphology treatment, patients who have not woken up after 3 months of DOC may
consider choosing stimulation treatment such as DBS and SCS.

The brief surgical indications for DBS and SCS are: Consciousness CRS-R assessment is MCS
and lasts for more than 3 months(non-traumatic); TBI patients with MCS state for more than 6 months;
CRS-R with a VS state, but multimodal assessment suggests the possibility of consciousness
recovery;short term SCS can be implemented after 1 months of DOC.

There is currently no guide on how to choose DBS and SCS.In clinical practice, selection of DBS
and SCS is mostly based on research progress at the time and patient willingnessAll patients have
signed informed consent forms for surgery.

2.4. Efficacy Evaluation and Analysis of Related Factors in Consciousness-Regaining Therapy

During and at the end of therapy, CRS-R scale evaluation is conducted as the main basis for
efficacy evaluation, and auxiliary methods such as neuroimaging and electrophysiological
monitoring are used to reduce misdiagnosis rates. According to the CRS-R assessment, the
consciousness status is graded as eMCS, MCS+, MCS -, UWS, coma, and death. At the end of wake-
up therapy and 6-month follow-up after discharge, comprehensive methods such as the CRS-R scale
score were used to evaluate whether the therapeutic effect had improved. An increase in the score
was considered as improvement, while no change in the score was considered ineffective.

According to the efficacy evaluation results of the included study cases at the end of treatment,
they were divided into an ineffective group and an effective group. The basic information and
etiology of the two groups, the condition before consciousness-regaining therapy, the time from onset
to treatment, the duration of consciousness-regaining therapy, and the type of consciousness-
regaining therapy were compared, and relevant factors that may affect the efficacy of consciousness-
regaining therapy were analyzed.

2.5. Statistical Analysis:

Perform statistical analysis using SPSS 26.0 software. Measurement data is expressed as mean =
standard deviation (x + s), and data is subjected to normal distribution testing. Data that conforms to
normal distribution is subjected to t-test; Count data is expressed in percentage (%), using x 2
Inspection.Binary logistic regression was used for the multivariate analysis. All tests were two-sided,
and the results were considered statistically significant at P<0.05.

3. Results

3.1. Factors of Demographic and Clinical Characteristics Influencing Recovery of Consciousness

This study included a total of 114 patients with pDOC, who were divided into an ineffective
group and an effective group based on the evaluation of consciousness improvement by CRS-R at the
end of consciousness-regaining therapy. Univariate analysis showed that there were no statistically
significant differences between the two groups in terms of gender, age, etiology, acute cerebral
herniation, emergency craniotomy surgery, decompressive craniectomy, time from onset to start of
consciousness-regaining therapy, and duration of awakening treatment (all P>0.05). However, there
were significant differences in the presence of secondary hydrocephalus, consciousness-regaining
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therapy methods, etc. There were statistically significant differences (P<0.05 for both) in the
consciousness state grading before consciousness-regaining therapy and the GOSE score and 6-
month CRS-R after consciousness-regaining therapy, as shown in Table 1.

Table 1. Comparison of demographic and clinical characteristics between ineffective group and
effective group.

ineffective  effective group

Variables Total (n=114) group(n= 47) (n= 67) t/x2 P value
Male 79 30 49
Gender Fomale 5 17 13 1.234 0.289
Age (years) 49.21+16.416  49.84+15.252 0.029 0.865
TBI 42 16 26
Stroke 60 23 37
Etiology Ischemic 3.582 0.167
hypoxic 12 8 4
encephalopathy
Cerebral hernia 55 23 32 0.015 0.902
EC 67 18 49 1.124 0.289
EDC 56 22 34 0.171 0.679
Secondary hydrocephalus 69 23 46 4.496 0.034*
Time interval 1.181+1.195 2.105+5.328 2.931 0.090
Treatment duration 1.660+0.950 2.800+4.300 3.845 0.052
Noninvasive
Therapy therapy 61 36 2
methods Invasive 17.134 00007
53 11 42
therapy
CRS-R Coma 1 0 1
before VS/UWS 96 47 49 19.1244# 0.000%
therapy MCS 18 0 18
6 Death 7 4 3
monthGOSE— - change 36 27 2 28147 0.000*
score Improvement 67 15 52
Lost follow-up 4 1 3
No o, o,
63;:;1;}1 improvement 47 32 (68.1%) 15 (224%) 23.806 0.000*
Improvement 67 15 (31.9%) 52 (77.6%)

* indicates a significant difference (P<0.05); #, Fisher’s exact test. TBI, traumatic brain injury; EC, emergency
craniotomy; EDC,emergency decompressive craniectomy; Time interval,time from onset to start of treatment;
CRS-R,JFK Coma Recovery Scale-Revised; GOSE, Extended Glasgow Outcome Scale.

The results of the multivariate logistic regression analysis showed that the therapy method
(OR=0.169) was a significant correlation factor affecting the efficacy of consciousness-regaining
therapy, and invasive consciousness-regaining therapy was associated with good early efficacy
(P<0.05), as shown in Table 2.

Table 2. Logistic regression analysis of the factors related to the efficacy of consciousness recovery.

Variables P value OR 95% CI
treatment duration 0.304 1.154 0.879-1.515
Time interval 0.674 1.036 0.878-1.224
Secondary

hydrocephalus 0.318 1723 0.592-5.012
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5
Therapy methods 0.002* 0.169 0.057-0.508
TBI 0.170 2.973 0.628-14.071
Stroke 0.150 3.005 0.672-13.449

* indicates a significant difference (P<0.05). Time interval,time from onset to start of treatment.TBI, traumatic

brain injury.

3.2. Invasive Consciousness-Regaining Therapy

A total of 53 patients underwent invasive consciousness-regaining therapy methods, include:
17patients underwent VPS surgery treatment only, 7patients underwent CP treatment only, 4patients
underwent DBS surgery only, 2 patients underwent SCS surgery only, 1patients underwent VNS
surgery only, 14 patients underwent VPS/LPS+CP; 4 patients underwent VPS/LPS+DBS;4 patients
underwent VPS/LPS+CP+DBS(Table 3).

Table 3. Different surgical methods and improvement of consciousness in the invasive treatment

group.
. ineffective grou effective grou Total
Invasive therapy (n=1 1)g P (n= 42g) P (n=53)
VPS/LPS 2 15 17
Cp 2 5 7
DBS 1 4
SCS 1 1
VNS 0 1 1
VPS/LPS+CP 2 12 14
VPS/LPS+DBS 2 2 4
VPS/LPS+CP+DBS 1 3 4

CP, cranioplasty; VPS, ventriculoperitoneal shunt; LPSLumboperitoneal shunt; DBS,Deep brain
stimulation;SCS,Spinal cord electrical stimulation; VNS,Vagus nerve electrical stimulation.

The target of DBS surgery is the bilateral thalamic central midline parafascicular nucleus (CM-
pf nucleus). If electrodes cannot be placed on one side due to skull repair or other reasons, only the
other side can be placed, and it can be placed on the same side as the ventricular shunt tube (Figures
1.). The electrode placement site for spinal cord electrical stimulation is on the dorsal side of the
epidural layer at the level of 2-3th in the neck(Figure 2).

Figure 1. A stroke patient with secondary hydrocephalus underwent VPS and DBS

surgery:(a)Placement of left DBS (white arrow)and right ventricular shunt(black arrow)
simultaneously during surgery;(b)Fusion of CT and MRI images before DBS surgery, locating the left
CM-pf nucleus(white arrow);(c)The end of the DBS electrode is located in the left CM-pf nucleus
region(white arrow).
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Figure 2. High position SCS electrode located at the level of the 2-3th cervical vertebral body.(a)Lateral
view of SCS electrode shown on DSA(white arrow) ;(b)Sagittal CT image of SCS electrode(white
arrow) ;(c)Coronal CT image of SCS electrode (white arrow) ;(d)Axial CT image of SCS
electrode(white arrow).

4. Discussion

4.1. Factors Related to the Efficacy of Therapy for pDoC:

Prognosis of pDOC may be related to the patient’s different etiology, severity of the onset
condition, whether the early treatment is reasonable and timely, the timing of rehabilitation and CRT,
and the choice of CRT methods [10-13].Traumatic brain injury is the primary cause of pDOC, and
stroke, ischemic hypoxic encephalopathy, poisoning, etc. are also the causes of this disease
[12].VS/UWS has a poor prognosis for recovery of awareness when present for more than a year in
traumatic cases and for 3 months in non-traumatic cases. The outcomes of minimally conscious state
are variable [13]. Electrical stimulation treatments have been disappointing in vegetative state but
occasionally improve minimally conscious state [13].Ruizhe Zheng et al. reported that the
effectiveness of CRT could be affected by the age, baseline state of consciousness, and duration of
stimulation treatment. Compared with non-invasive intervention, an invasive treatment can bring
more behavioral improvement to MCS rather than UWS/VS patients. And importantly, they found
that neuromodulation is a valuable therapy even years after the onset of DOC [14].

In this study, we conducted analysis on relevant factors that may affect the prognosis of pDOC,
including patient basic information, general condition at the onset of the disease, treatment measures,
and CRT methods. We also evaluated the patient’s recovery and the effectiveness of CRT. Results
showed that there were significant differences in the presence of secondary hydrocephalus, CRT
methods in different efficacy groups. This suggests that secondary hydrocephalus and the selection
of CRT methods have a significant impact on the prognosis of pDOC.The study also found that
different states of consciousness before CRT are correlated with different prognosis. At 6 months after
the end of CRT treatment, there was still a significant difference in consciousness between the
effective and ineffective groups.Analysis showed that the type of therapy was a related factor
affecting the efficacy of CRT.Compared with non-invasive therapy, personalized invasive CRT
methods can help improve the efficacy of therapy for pDOC.

4.2. Treatment Methods for pDOC:

There is currently a lack of precise and effective treatment methods for pDOC [10-12]. Despite
the lack of systematic research and sufficient evidence-based medicine, clinical research and attempts
to treat pDOC have been ongoing due to the large population of pDOC patients and the enormous
demand for treatment [6-12].

There is not enough evidence to support the use of drugs to improve the awareness level of
pDOC patients so far. Some drugs such as amantadine, zolpidem, levodopa, midazolam, etc. have
been reported to have an increasing effect on the awareness level of pDOC patients, but these are still
in clinical research [8-12]. Hyperbaric oxygen therapy can increase brain tissue oxygen partial
pressure, promote excitability of the brainstem ascending activating system, and be beneficial for
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nerve repair and cognitive function improvement in pDOC patients. Repetitive transcranial magnetic
stimulation (rTMS) is based on the principle of electromagnetic induction to form an electric field in
the brain, induce neuronal depolarization, and achieve the effect of regulating cortical excitability.
MCS patients benefit better from rTMS treatment compared to VS patients [8]. Transcranial direct
current stimulation (tDCS) utilizes weak direct current to regulate cortical excitability and
connectivity, and MCS can benefit more from treatment. The cumulative effect of long-term tDCS
regulation can reshape the consciousness network. Median nerve electrical stimulation (MNS)
increases cerebral blood flow, enhances brain electrical activity, affects neurotransmitter secretion,
and enhances arousal and awareness levels. The non-invasive CRT methods of this study mainly
includes hyperbaric oxygen therapy, MNS therapy, and medical treatment.

4.3. Repair of Cranial Morphology and Neuromodulation

There are other treatment methods that contribute to the recovery of consciousness after entering
the pDoC period, such as cranioplasty, hydrocephalus ventriculoperitoneal shunt, etc., which can be
classified as complications treatment. Dang et al. has reported that cranioplasty is safe in patients
with DOC and may be beneficial for the recovery of consciousness. Early surgery and surgery for
MCS provide better results. Timely cranioplasty can help to reduce preoperative VPS, control incision
complications, and detect and intervene in potential hydrocephalus [14].Hydrocephalus is one of
these complications in patients with DOC. Hydrocephalus may also develop with a significant delay
after the initial injury, reducing the potential for natural recovery of consciousness.Arnts H.et al.
advocate a low threshold for CSF diversion when hydrocephalus is suspected, even months or years
after brain injury [15].In this study, a total of 39 patients diagnosed with secondary hydrocephalus
received VPS/LPS treatment, including those who received other invasive treatments.A total of 25
patients with postoperative skull defects underwent skull repair surgery.The final results of he study
show that as part of invasive CRT treatment, these treatments are meaningful.

Clinical application of neuromodulation therapy in patients with pDOC is a hot topic.Zheng R.et
al reported that compared with non-invasive intervention, an invasive intervention can bring more
behavioral improvement to MCS rather than UWS/VS patients,the application of neuromodulation
can improve the behavioral performance of patiens with DOC [16]. DBS is based on the central circuit
mechanism of consciousness, which stimulates the bilateral central thalamus, a key node of the
circuit, to improve the low level of neural activity after brain injury. SCS enhances stimulation input
and increases cerebral blood flow in the brainstem reticular activation system, thereby enhancing the
excitability of the conscious loop [8,11]. Based on current guidelines and clinical practice,we adopt a
phased strategy for the treatment of DOC included in this shtudy.Firstly, all 114 cases included in the
study were treated with non-invasive CRT, including rehabilitation and hyperbaric oxygen therapy
and so on. On the basis of non-invasive awakening therapy, a total of 15 patients received invasive
neuromodulation therapy including DBS, SCS, and VNS,some of whom were treated with VPS and
CP. The results show that selective invasive CRT based on the patient’s condition has achieved better
therapeutic effects.

4.4. Improvement of Assessment Methods for pDOC

At present, the most commonly used consciousness assessment and grading standard in clinical
practice is CRS-R [17,18]. However, there is still a 40% misdiagnosis rate for diagnosing DOC based
on clinical scale scores such as CRS-R, which can easily lead to missed surgical opportunities for
patients who have the opportunity to wake up [19].The accurate evaluation of pDOC has important
guiding significance for treatment [6,8]. If MCS patients are misdiagnosed as VS/UWS, they may miss
the opportunity to receive further treatment due to a pessimistic prognosis. In recent years, the
development of multimodal neurophysiological detection and neuroimaging technology has led to
significant progress in the detection, clinical diagnosis, prognosis assessment, and treatment of pDOC
residual consciousness [19-22].In order to more accurately assess the level of consciousness and
provide better reference for clinical decision-making, it is necessary to conduct multimodal and
comprehensive EEG and imaging testing on the basis of clinical behavior assessment, forming a EEG
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monitoring model combining 24-hour EEG, evoked potentials, and event related potentials, and a
multimodal imaging evaluation model qualitative using conventional MRI screening, DTI
localization, fMRI and PET, and fNIRS [22,23]. It is generally believed that the damage to the brain in
the state of micro consciousness is lighter than that in the state of vegetation, and fMRI shows more
activated areas and extensive connections in the brain, resulting in a better prognosis [23].In this
study, we still used CRS-R as the basic criterion for evaluating the state of consciousness, only some
cases underwent EEG and ERP related monitoring, so detailed reports were not provided in this
article. We will conduct specialized analysis in future reports.

5. Conclusions

In clinical practice, patients with pDOC have different etiologies and pathogenesis, resulting in
different locations of brain damage and degrees of consciousness disorders [24,25]. The efficacy of
CRT for pDOC is influenced by multiple factors. This requires personalized CRT based on the
characteristics of each patient to achieve the best therapeutic effect.As a real-world study,we did not
further group and compare the cases in the invasive treatment group due to the limited number of
cases.We will conduct further research as the number of cases accumulates.How to choose a more
reasonable CRT program for different levels and causes of pDOC is also the next research direction
that needs to be studied.

To achieve optimal outcomes, future research should focus on refining the treatment protocol,
identifying subgroups of patients who are most likely to benefit from CRT, and exploring novel
approaches to enhance recovery from pDOC.
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