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Background and Objective: Disorders of consciousness (DOC) are serious neurological conditions in children, often caused by 
brain injury, infection, or hypoxia, with limited effective treatments. Hyperbaric oxygen therapy (HBOT) has emerged as a promising 
adjunctive approach due to its potential to improve cerebral oxygenation and promote neural repair. However, the prognostic factors 
influencing treatment outcomes in pediatric DOC remain unclear. This study aimed to identify the risk factors for prognosis of children 
with DOC undergoing HBOT.
Methods: A retrospective analysis was conducted on 255 children diagnosed with DOC who received HBOT at the Second Hospital 
of Hebei Medical University from January 2010 to January 2024. Clinical data, including demographic information, etiology, Glasgow 
Coma Scale (GCS) scores, Coma Recovery Scale-Revised (CRS-R), treatment timing, and comorbidities, were collected. According to 
the Glasgow Outcome Scale (GOS) score, the children were divided into poor prognosis group and good prognosis group. Logistic 
regression analysis was performed to identify independent risk factors for poor prognosis.
Results: Age < 12 years (OR: 0.319, 95% CI: 0.113–0.901), late timing of HBOT intervention (OR: 41.667, 95% CI: 2.122–818.296), 
low HBOT frequency (OR: 0.092, 95% CI: 0.019–0.441), low GCS score before HBOT (OR: 0.523, 95% CI: 0.362–0.756), low CRS- 
R score before HBOT (OR: 0.419, 95% CI: 0.226–0.780), and hypoxic-ischemic encephalopathy (OR: 4.885, 95% CI: 1.508–15.826) 
were risk factors for poor prognosis in DOC children (P < 0.05). Low GCS score before treatment was an independent risk factor for 
poor prognosis in DOC children after traumatic brain injury (P < 0.05), low CRS-R score before treatment was an independent risk 
factor for poor prognosis in DOC children after encephalitis (P < 0.05), and late timing of HBOT, low HBOT frequency and low CRS- 
R score before HBOT were independent risk factors for poor prognosis in DOC children after hypoxic-ischemic encephalopathy (P < 
0.05).
Conclusion: This study highlights the clinical value of early HBOT intervention and baseline neurological status in predicting 
recovery in children with DOC. Identifying these risk factors can help optimize treatment decisions and improve long-term 
neurological outcomes.
Keywords: hyperbaric oxygen, children, disorders of consciousness, prognosis, influencing factor

Introduction
The response of the human body to itself and its surrounding environment, as well as the level of wakefulness, is called 
consciousness, which is closely related to the cerebral cortex and brainstem ascending reticular activating system 
(ARAS). When the brain is damaged, the connections between various brain regions are damaged, thus leading to 
disorders of consciousness (DOC).1 DOC has a multitude of associated causes including trauma, infection, hypoxia, etc. 
According to different clinical manifestations, it can be classified into coma, vegetative state (VS)/unresponsive 
wakefulness syndrome (UWS), minimal consciousness state (MCS), and emergence of MCS (eMCS).2

Although there are many methods for treating DOC in clinical practice, the therapeutic effects are not satisfactory. 
Mild cases can transition from coma to wakefulness, but a large proportion of patients are in long-term DOC, which not 
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only seriously affects their quality of life, but also increases the burden on families, healthcare services and society.3 

Especially for DOC in children with underdeveloped nervous systems and high brain plasticity, timely and effective 
active treatment is crucial for their recovery of consciousness and prognosis. The prognosis and recovery of DOC 
patients are affected by many factors. However, most studies focus on adults but few on the factors affecting the 
prognosis and recovery of DOC in children. In addition, due to the unique developmental characteristics of children, their 
injury mechanisms are different from those of adults. Consequently, research on adult DOC and evidence-based medicine 
cannot accurately make effective recommendations for pediatric DOC.4

Hyperbaric oxygen therapy (HOBT) is indeed considered an additional, adjunctive procedure in the treatment of 
DOC.5 By allowing patients to inhale nearly pure oxygen at pressures higher than normal atmospheric levels, HBOT 
aims to enhance oxygen delivery to tissues, including hypoxic brain areas, potentially promoting neuroplasticity and 
recovery of consciousness. HBOT has been shown to increase cerebral blood oxygen content and partial pressure, 
enhancing oxygen supply to injured areas. It also helps alleviate cerebral edema, reduce intracranial pressure, promote 
the formation of collateral circulation, and accelerate recovery in patients with DOC.6 Its safety and non-invasiveness 
make it particularly appealing, especially in pediatric patients where more invasive procedures may pose higher risks. 
Some observational studies and smaller clinical trials have reported positive effects of HBOT on prognosis, mortality, and 
disability rates in patients with disorders of consciousness.7–9 While HBOT has a favorable safety profile, its clinical 
benefits for DOC have not yet been conclusively established within the available evidence, and research on its 
therapeutic effects in children with DOC remains limited. This study analyzed potential risk factors for outcome of 
HBOT in children with disorders of DOC, so as to provide reference and guidance for future treatment of DOC in 
children.

Materials and Methods
Subjects
A retrospective analysis was conducted on 255 DOC children undergoing HBOT at the Second Hospital of Hebei 
Medical University from January 2010 to January 2024. The inclusion criteria were as follows: (1) patients met the 
diagnostic criteria for DOC,10 and brain damage was the only cause of DOC; (2) patients had a course of disease < 3 
months; (3) patients aged < 18 years; (4) patients had stable vital signs; (5) the family members of the children agreed to 
and received rehabilitation assessment and treatment; (6) the overall frequency of HBOT was not less than 10. The 
exclusion criteria included: (1) patients with underlying developmental, psychiatric and neurological disorders prior to 
the onset of DOC; (2) patients with rapidly deteriorated condition during treatment or an inability to continue treatment; 
(3) patients without complete medical records; (4) patients with contraindications for HBOT such as bleeding tendencies, 
untreated pneumothorax and epilepsy.

HBOT Therapy
All children underwent routine monitoring of blood pressure, electrocardiogram (ECG) and blood oxygen saturation. 
HBOT was performed using a medical hyperbaric chamber with three locks and seven doors (YC3200/0.3–22VII, Hoto 
Oxygen Industrial, Yantai). The chamber was pressurized with air to 1.4–2.0 atmosphere absolute (ATA) over a period of 
25 minutes, after which the treatment protocol was carried out as scheduled. Infants were pressurized at 1.4–1.6 ATA, 
children with severe conditions or complications such as otorrhea and rhinorrhea at 1.6–1.8 ATA, and children with stable 
conditions at 1.8–2.0 ATA. After pressure stabilization, pure oxygen was inhaled for 30 minutes twice, with a 10-minute 
interval of air inhalation between the two oxygen sessions, followed by a 25-minute decompression phase. Each 
complete session lasted 120 minutes and was performed once per day. The treatment consisted of two courses, each 
lasting 30 days, with a 5–7 day rest period between the courses. To ensure safety and treatment efficacy, the pressure 
ranges during HBOT were selected based on patient age, clinical stability, and existing guidelines. Infants were treated at 
1.4–1.5 ATA to minimize the risks of barotrauma and oxygen toxicity, as their lungs are structurally immature and their 
antioxidant capacity is limited. Children with severe conditions or complications such as otorrhea or rhinorrhea received 
HBOT at 1.6–1.75 ATA, following recommendations for vulnerable pediatric populations. Clinically stable children were 
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treated at 1.8–2.0 ATA, which is within the range commonly used in older pediatric patients with sufficient physiological 
resilience. The classification of HBOT timing (≤7 days, 8–14 days, 15–30 days, >30 days) and treatment frequency 
(10–20 times, 21–30 times, >30 times) in this study was based on clinical experience and the practical treatment patterns 
observed in our institution.

Observation Indicators
Retrospective data on the children was collected, including gender, age, etiology, timing, frequency, and pressure of 
HBOT. Additionally, Glasgow Coma Scale (GCS) and Coma Recovery Scale-Revised (CRS-R) scores were recorded 
upon admission. Prognosis following HBOT treatment was evaluated using Glasgow Outcome Scale (GOS) scores at the 
3-month follow-up after discharge.

GCS scoring:11 Children aged ≥ 4 years were scored using the GCS, while those aged < 4 years by the modified GCS, 
also known as the Children Coma Scale (CCS), with a score of 15 as clear consciousness, 12–14 as mild DOC, 9–11 as 
moderate DOC, and < 8 as a coma state.

CRS-R scoring:12 This scale included six subscales on auditory, visual, motor, verbal, communication and arousal 
levels, with a total score of 23. A higher score indicated milder DOC and clearer consciousness. VS/UWS was diagnosed 
by auditory score ≤ 2, visual score ≤ 1, motor score ≤ 2, verbal score ≤ 2, communication score of 0, or arousal score ≤ 2. 
MCS was determined by auditory score of 3–4, visual score of 2–5, motor score of 3–5, verbal score of 3, communica-
tion score of 1, or arousal score of 3.

GOS scoring:13 A higher score indicated milder craniocerebral injury, with 1–3 as poor prognosis and 4–5 as good prognosis. 
Based on the prognosis, the children were divided into poor prognosis group (score, 1–3) and good prognosis (score, 4–5).

Statistical Methods
The data were analyzed using SPSS version 26.0 statistical software. Normality was assessed using the Shapiro–Wilk 
test, and homogeneity of variance was checked to determine the appropriate statistical methods. For normally distributed 
continuous data, variables were presented as mean ± standard deviation, while skewed data were reported as median and 
interquartile range (IQR). To ensure the validity of statistical methods, we calculated the required sample size based on 
preliminary data, ensuring adequate power to detect significant changes in GCS and CRS-R scores. For comparisons of 
pre- and post-treatment scores, paired t-tests were used for normally distributed data meeting the assumptions, while the 
Wilcoxon signed-rank test was applied for skewed data. Enumeration data were analyzed using the Chi-square test or 
Fisher’s exact test. Additionally, binary logistic regression analysis was performed to identify risk factors affecting 
prognosis post-HBOT, adjusting for potential confounders. A p-value of < 0.05 was considered statistically significant.

Results
Influencing Factor Analysis of Prognosis in DOC Children After HBOT
According to the follow-up results, the 255 children were divided into a good prognosis group (n = 182, 71.4%) and 
a poor prognosis group (n = 73, 28.6%). The two groups showed statistically significant differences in age, etiology, 
timing of HBOT, HBOT frequency, rehabilitation therapy, GCS and CRS-R scores before treatment, with statistically 
significant differences (P < 0.05), as seen in Table 1. Multivariate logistic regression analysis suggested that age < 12 
years, late timing of HBOT, low HBOT frequency, low GCS score before HBOT, low CRS-R score before HBOT, and 
DOC caused by hypoxic-ischemic encephalopathy were risk factors for poor prognosis in DOC children (P < 0.05) 
(Table 2).

Influencing Factor Analysis of Prognosis in DOC Children Caused by Different 
Etiologies
Univariate analysis showed that among DOC children caused by traumatic brain injury, there were statistically significant 
differences in age, timing of HBOT, HBOT frequency, rehabilitation therapy, GCS score before treatment, and CRS-R 
score before treatment between the good prognosis group and the poor prognosis group (P < 0.05) (Table 3). In DOC 
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Table 1 Comparison of General Data Between Good and Poor Prognosis Groups

Good Prognosis  
Group (n = 182)

Poor Prognosis  
Group (n = 73)

X²/z P

Gender [n (%)] 0.564 0.453

Male 126 (69.%) 54 (74%)

Female 56 (31%) 19 (26%)
Age [n (%)] 19.118 <0.001

< 12 years 93 (51%) 59 (81%)

≥ 12 years 89 (49%) 14 (19%)
Etiology [n (%)] 13.364 0.001

Traumatic brain injury 97 (53%) 21 (29%)
Encephalitis 42 (23%) 22 (30%)

Hypoxic-ischemic encephalopathy 43 (24%) 30 (41%)

Timing of HBOT [n (%)] 19.855 <0.001
≤ 7 d 16 (9%) 1 (1%)

8–14 d 51 (28%) 8 (11%)

15–30 d 85 (47%) 38 (52%)
> 30 d 30 (16%) 26 (36%)

HBOT frequency [n (%)] 28.378 <0.001

10–20 times 63 (35%) 51 (70%)
21–30 times 73 (40%) 18 (25%)

> 30 times 46 (25%) 4 (5%)

Pressure of HBOT [n (%)] 1.694 0.193
1.8 ATA and below 114 (63%) 52 (71%)

2.0 ATA 68 (37%) 21 (29%)

Rehabilitation therapy [n (%)] 8.454 0.004
Yes 136 (75%) 41 (56%)

No 46 (25%) 32 (44%)

GCS score pre-treatment [IQR] 7.0 (5.0, 8.0) 3.0 (3.0, 5.0) −10.036 <0.001
CRS-R score pre-treatment [IQR] 3.0 (2.0, 4.0) 1.0 (1.0, 2.0) −10.188 <0.001

Table 2 Multivariate Logistic Regression Analysis

Variable P Value OR Value 95% CI

Age 0.031 0.319 0.113–0.901
Etiology

Traumatic brain injury Ref Ref Ref

Encephalitis 0.019 3.982 1.250–12.685
Hypoxic-ischemic encephalopathy 0.008 4.885 1.508–15.826

Timing of HBOT

≤ 7 d Ref Ref Ref
8–14 d 0.134 9.867 0.495–196.850

15–30 d 0.037 21.051 1.204–368.030
> 30 d 0.014 41.667 2.122–818.296

HBOT frequency

10–20 times Ref Ref Ref
21–30 times 0.018 0.287 0.102–0.808

> 30 times 0.003 0.092 0.019–0.441

Rehabilitation therapy 0.576 0.747 0.269–2.075
GCS score pre-treatment 0.001 0.523 0.362–0.756

CRS-R score pre-treatment 0.006 0.419 0.226–0.780
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children caused by encephalitis, GCS and CRS-R scores before treatment also had statistically significant differences 
between the good prognosis group and the poor prognosis group (P < 0.05), as displayed in Table 4. The good and poor 
prognosis groups of DOC children caused by hypoxic-ischemic encephalopathy also presented statistically significant 
differences in age, timing of HBOT, HBOT frequency, GCS score before treatment, and CRS-R score before treatment 
(P < 0.05) (Table 5). Based on multivariate logistic regression analysis, it was found that low GCS score before treatment 
was a risk factor for poor prognosis in DOC children after traumatic brain injury (P < 0.05), and low CRS-R score before 
treatment was a risk factor for poor prognosis in DOC children after encephalitis (P < 0.05), as shown in Table 6.

Discussion
As confirmed in numerous previous studies, HBOT can promote awakening, improve state of consciousness and 
prognosis, and reduce mortality rate in patients with DOC. Moreover, GCS score, GOS score and cognitive function 
are also improved after HBOT.14–16 HBOT can effectively improve cognitive outcomes in patients with mild traumatic 
brain injury by improving cerebral hypoxia and alleviating cerebral injury.17 A meta-analysis has shown that patients 
receiving HBOT achieve significant improvements in GCS and GOS scores, with a low overall mortality rate.18

In our study, prognostic factor analysis found that DOC children aged ≥ 12 years presented a better prognosis than 
those aged < 12 years, with a statistically significant difference. Multiple studies abroad have also shown that younger 

Table 3 Univariate Analysis of DOC Children After Traumatic Brain Injury

Good Prognosis  
Group (n = 97)

Poor Prognosis  
Group (n = 21)

X²/z P

Cause [n (%)] 1.267 0.737

Traffic accident 59 (61%) 15 (71%)

Fall from height 22 (23%) 4 (19%)
Fall down 13 (13%) 2 (10%)

Others 3 (3%) 0 (0%)

Lesion site [n (%)] 1.962 0.854
Cerebral contusion and laceration 26 (27%) 5 (24%)

Subarachnoid hemorrhage 25 (26%) 3 (14%)
Diffuse axonal injury 29 (30%) 8 (38%)

Subdural hemorrhage 9 (9%) 3 (14%)

Extradural hemorrhage 5 (5%) 1 (5%)
Others 3 (3%) 1 (5%)

Male [n (%)] 68 (70%) 15 (71%) 0.015 0.904

Age [n (%)] 4.96 0.026
< 12 years 48 (49%) 16 (76%)

≥ 12 years 49 (51%) 5 (24%)

Timing of HBOT [n (%)] 9.93 0.019
≤ 7 d 7 (7%) 0 (0%)

8–14 d 25 (26%) 1 (5%)

15–30 d 45 (46%) 10 (48%)
> 30 d 20 (21%) 10 (48%)

HBOT frequency [n (%)] 10.078 0.006

10–20 times 34 (35%) 15 (71%)
21–30 times 38 (39%) 5 (24%)

> 30 times 25 (26%) 1 (5%)

Pressure of HBOT [n (%)] 1.164 0.281
1.8 ATA and below 57 (59%) 15 (71%)

2.0 ATA 40 (41%) 6 (29%)

Rehabilitation therapy [n (%)] 74 (76%) 10 (48%) 6.918 0.009
GCS score pre-treatment [IQR] 7.0 (5.0, 8.0) 3.0 (3.0, 4.5) −6.475 <0.001

CRS-R score pre-treatment [IQR] 3.0 (2.0, 4.0) 1.0 (1.0, 2.0) −5.263 <0.001
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Table 4 Univariate Analysis of DOC Children After Encephalitis

General Data Good Prognosis  
Group (n = 42)

Poor Prognosis  
Group (n = 22)

X²/z P

Cause [n (%)] 1.685 0.194
Viral encephalitis 40 (95%) 18 (82%)

Others 2 (5%) 4 (18%)

Male [n (%)] 25 (60%) 15 (68%) 0.462 0.497
Age [n (%)] 3.758 0.053

< 12 years 22 (52% 17 (77%)

≥ 12 years 20 (48%) 5 (23%)
Timing of HBOT [n (%)] 2.22 0.528

≤ 7 d 5 (12%) 1 (5%)

8–14 d 10 (24%) 3 (14%)
15–30 d 19 (45%) 13 (59%)

> 30 d 8 (19%) 5 (23%)

HBOT frequency [n (%)] 2.108 0.349
10–20 times 20 (48%) 14 (64%)

21–30 times 16 (38%) 7 (32%)

> 30 times 6 (14%) 1 (5%)
Pressure of HBOT[n (%)] 0.516 0.473

1.8 ATA and below 31 (74%) 18 (82%)

2.0 ATA 11 (26%) 4 (18%)
Rehabilitation therapy [n (%)] 31 (74%) 13 (59%) 1.456 0.228

GCS score pre-treatment [IQR] 8.0 (5.0, 8.0) 3.0 (3.0, 5.0) −4.99 <0.001

CRS-R score pre-treatment [IQR] 3.0 (3.0, 4.0) 1 (1.0, 2.0) −5.235 <0.001

Table 5 Univariate Analysis of DOC Children After Hypoxic-Ischemic Encephalopathy

General Data Good Prognosis  
Group (n = 43)

Poor Prognosis  
Group (n = 30)

X²/z P

Cause [n (%)] 8.382 0.079

Cardiogenic cardiac arrest 14 (33%) 19 (63%)
Non-cardiogenic cardiac arrest 18 (42%) 7 (23%)

Harmful gas poisoning 7 (16%) 1 (3%)

Drug and food poisoning 2 (5%) 2 (7%)
Others 2 (5%) 1 (3%)

Male [n (%)] 33 (77%) 24 (80%) 0.109 0.741

Age [n (%)] 8.815 0.003
< 12 years 23 (53%) 26 (87%)

≥ 12 years 20 (47%) 4 (13%)

Timing of HBOT [n (%)] 16.644 0.001
≤ 7 d 4 (9%) 0 (0%)

8–14 d 16 (37%) 4 (13%)

15–30 d 21 (49%) 15 (50%)
> 30 d 2 (5%) 11 (37%)

HBOT frequency [n (%)] 20.487 <0.001

10–20 times 9 (21%) 22 (73%)
21–30 times 19 (44%) 6 (20%)

> 30 times 15 (35%) 2 (7%)

(Continued)
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children with cerebral injury have poorer cognitive and psychological recovery.19,20 A study showed that younger 
children with cerebral injury exhibit poorer prognosis. Compared with children aged 7 years and above, those under 2 
years old present the worst recovery of neurobehavioral function after cerebral injury, and neurological damage has the 
greatest impact on prognosis at the early stage of skill development,21 which may be related to their immature brain 
development and incomplete myelination. Younger children without well-developed neural networks may experience 
neuronal damage after cerebral injury, which can affect the normal development of brain structure and function.22 

Consequently, the poorer prognosis that younger children with DOC may experience may be attributed to their immature 
brain development, incomplete myelination, and the increased susceptibility of neural networks to injury during critical 
periods of skill formation.

It has been previously reported that in patients with sudden sensorineural hearing loss, the efficacy of hyperbaric 
oxygen therapy is significantly influenced by the timing of its initiation.23 Similar to this finding, our study found that the 
prognosis of patients receiving HBOT ≤ 7 d after injury was better than those who underwent intervention between 
15–30 d and > 30 d. Based on our results, HBOT should be given as early as possible within 7 d after onset to ensure 
stable vital signs in DOC patients. In addition, patients who received 21–30 HBOT sessions and more than 30 sessions 
had approximately 0.3-fold and 0.1-fold lower risk of poor prognosis, respectively, compared to those who received only 
10–20 sessions, indicating that the prognosis of DOC patients is also related to the frequency of HBOT.

Table 6 Multivariate Analysis of Prognosis in DOC Children Caused by 
Different Etiologies

Variable B P OR 95% CI

DOC children after traumatic brain injury

Age −2.465 0.064 0.085 0.006–1.155

Timing of HBOT intervention 1.089 0.104 2.971 0.801–11.026
HBOT frequency −1.778 0.059 0.169 0.027–1.068

Rehabilitation therapy −2.167 0.079 0.114 0.010–1.284

GCS score pre-treatment −2.422 0.007 0.089 0.015–0.518
CRS-R score pre-treatment 0.273 0.731 1.314 0.277–6.237

DOC children after encephalitis

GCS score pre-treatment −0.405 0.088 0.667 0.419–1.062

CRS-R score pre-treatment −1.011 0.024 0.364 0.151–0.875

DOC children after hypoxic-ischemic encephalopathy

Age −1.668 0.158 0.189 0.019–0.916

Timing of HBOT 1.548 0.046 4.704 1.029–21.507

HBOT frequency −1.878 0.028 0.153 0.029–0.820
Rehabilitation therapy −0.026 0.949 0.974 0.435–2.182

GCS score pre-treatment −2.126 0.021 0.119 0.020–0.722

Table 5 (Continued). 

General Data Good Prognosis  
Group (n = 43)

Poor Prognosis  
Group (n = 30)

X²/z P

Pressure of HBOT [n (%)] 0.061 0.804
1.8 ATA and below 26 (60%) 19 (63%)

2.0 ATA 17 (40%) 11 (37%)

Rehabilitation therapy [n (%)] 31 (72%) 18 (60%) 1.171 0.279
GCS score pre-treatment [IQR] 7.0 (6.0, 9.0) 3.0 (2.0, 5.0) −5.662 <0.001

CRS-R score pre-treatment [IQR] 3.0 (3.0, 4.0) 1.0 (0.8, 2.0) −6.498 <0.001
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In this study, we found that lower Glasgow Coma Scale (GCS) scores at admission were significantly associated with 
poorer prognosis in children with DOC undergoing HBOT. Specifically, for each 1-point decrease in the GCS score, the 
odds of poor prognosis increased by approximately 50% (OR = 0.5). This result is consistent with prior studies that have 
demonstrated the predictive value of GCS across various forms of DOC, including traumatic brain injury and hypoxic- 
ischemic encephalopathy.24,25 A lower GCS score reflects more severe impairment of consciousness and likely indicates 
extensive neuronal damage and reduced brain plasticity, both of which can limit the therapeutic effectiveness of 
interventions such as HBOT.26 In addition, our study also highlighted the Coma Recovery Scale-Revised (CRS-R) as 
another valuable assessment tool for prognostic evaluation. CRS-R has been widely adopted in both clinical and research 
settings due to its structured, multi-dimensional approach, which covers auditory, visual, motor, oromotor, communica-
tion, and arousal subscales.27 Previous studies have reported that CRS-R is not only useful for diagnosing different states 
of consciousness but also has predictive value for recovery outcomes.28 Compared to other assessment tools such as the 
GCS and the Full Outline of UnResponsiveness (FOUR) score, CRS-R provides a more comprehensive profile of 
neurobehavioral function, which may help refine prognostic judgments in pediatric DOC cases. Our findings suggest that 
both the GCS and CRS-R serve as significant and complementary prognostic indicators for children with DOC. Lower 
pre-treatment scores on these scales were associated with an increased likelihood of unfavorable outcomes. These results 
underscore the importance of early and repeated consciousness assessments, which can assist clinicians in risk stratifica-
tion, guide therapeutic decision-making, and enhance family counseling during the course of HBOT treatment.

In the present study, the prognosis for children with DOC due to traumatic brain injury was found to be better than for 
those with DOC caused by encephalitis or hypoxic-ischemic encephalopathy. The risk of poor prognosis in children with 
encephalitis or hypoxic-ischemic encephalopathy was approximately 4 times higher than in those with traumatic brain 
injury, suggesting that the nature of the brain injury is a significant factor in recovery of consciousness in pediatric DOC 
cases. Similarly, a study have pointed out that the recovery potential of DOC caused by traumatic brain injury is higher 
than that caused by non-traumatic brain injury.29 Consequently, etiology is also an important factor affecting the 
prognosis of children with DOC. To be more specific, a low GCS score prior to HBOT is an independent risk factor 
for poor prognosis in DOC children caused by traumatic brain injury. Previous studies have also confirmed that a low 
GCS score is independently correlated with poor prognosis in children with traumatic brain injury.30 Moreover, 
univariate analysis showed that GCS and CRS-R scores before HBOT were prognostic factors for DOC caused by 
encephalitis, and multivariate analysis only found that low CRS-R score before HBOT was an independent risk factor for 
poor prognosis in children with DOC caused by encephalitis, which may be related to the superior diagnostic and 
prognostic validity of CRS-R for VS/UWS and MCS to GCS.31 Our study also demonstrated that late timing of HBOT, 
low HBOT frequency, and low CRS-R score before HBOT were independent risk factors for poor prognosis in children 
with DOC after hypoxic-ischemic encephalopathy, which is consistent with previous research results.32 After hypoxic- 
ischemic encephalopathy, early HBOT can effectively prevent and treat hypoxic damage and functional failure of tissues 
and organs, improve the repair of cerebral blood vessels, establish collateral circulation, and effectively protect damaged 
nerve cells.6 At present, there is still controversy over the timing and course of HBOT, and further research is needed for 
determination.

This study has several limitations. First, as a retrospective study, it is prone to selection bias. Second, some children 
received concurrent therapies, such as transcranial direct current stimulation, median nerve electrical stimulation, or 
exercise therapy, which may introduce confounding factors affecting the assessment of HBOT outcomes. Third, the 
absence of a control group and the exploratory nature of HBOT for DOC introduce limitations in the generalizability and 
scientific rigor of this study. Additionally, the frequency and pressure of HBOT were converted to categorical variables in 
this study. Therefore, more analysis for frequency and pressure help to build up clinical settings. Additionally, the 
assessment indicators used in this study, such as the GCS and CRS-R scores, are somewhat subjective and may vary 
between evaluators. Therefore, the results require further analysis and validation through multi-center, large-sample 
prospective studies.
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Conclusion
In conclusion, this study identified several key risk factors — including lower GCS and CRS-R scores at admission, 
longer time from onset to treatment initiation, and fewer HBOT frequency — that were significantly associated with poor 
prognosis in children with DOC undergoing HBOT These findings highlight the critical importance of early diagnosis, 
timely intervention, and comprehensive neurological assessment in improving clinical outcomes. In particular, the use of 
standardized consciousness scales such as GCS and CRS-R can assist clinicians in tailoring treatment plans and setting 
realistic recovery expectations for families. However, this study has several limitations. It was a single-center retro-
spective analysis with a limited sample size, and potential confounding factors such as underlying etiology, concurrent 
treatments, and rehabilitation strategies were not fully controlled. Future prospective multicenter studies with larger 
cohorts are necessary to validate these findings and explore whether early and repeated HBOT combined with other 
rehabilitation therapies can further enhance recovery outcomes in pediatric DOC populations.
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