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Cranioplasty for patients with disorders of consciousness
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Background: Cranioplasty (CP) is necessary for patients with disorders of consciousness (DOC) and skull 
defects. However, due to the complexity of these conditions, the surgical indications are conservative, and 
there are few published reports. This study aimed to assess the outcomes and complications of CP in patients 
with DOC, and to optimize the management of transcalvarial herniation (TCH) and hydrocephalus.
Methods: A total of 87 patients with DOC who underwent CP at our center between December 2016 and 
April 2019 were selected. The patients were divided into traumatic brain injury (TBI) and non-TBI groups, 
and the complications, outcomes, and costs were compared. Factors associated with prognosis and surgical 
complications were identified using multivariate logistic regression analysis.
Results: Postoperative complications occurred in 18 patients (20.7%). The complication rate was higher 
in the TBI group than in the non-TBI group (P=0.031). Preoperative ventriculoperitoneal shunt (VPS) 
was identified as a risk factor for incision complication (P=0.032), and non-traumatic cause tended to be a 
protective factor against postoperative hydrocephalus (P=0.055). One year after CP, 25 patients (28.7%) 
regained full consciousness [Extended Glasgow Outcome Scale (GOSE) ≥3] and 10 patients (11.5%) 
achieved partial self-care (GOSE =4). Multivariate analyses revealed that minimally conscious state (MCS) 
vs. vegetative state/unresponsive wakefulness syndrome (VS/UWS) (P=0.000) and early CP (P=0.023) were 
potential indicators for the recovery of consciousness.
Conclusions: Our findings suggest that CP 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 CP in patients 
with TCH can help to reduce preoperative VPS, control incision complications, and detect and intervene in 
potential hydrocephalus.
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Introduction

Coma may be secondary to severe traumatic brain injury 
(TBI), cerebral hemorrhage, massive cerebral infarction, 
or other severe brain injuries. Decompressive craniectomy 
(DC) is often performed in the early stages of these diseases. 
Skull defects may present obstacles to rehabilitation and 
nursing when the disorders of consciousness (DOC) stage is 
reached, and cranioplasty (CP) is required. CP is generally 
considered to improve brain function in patients with 
skull defects (1,2); the approach is relatively safe and can 
be performed early (3,4). The overall complication rate is 
4.8–61.2%, comprising infection, hydrocephalus, seizure, 
cerebral hemorrhage, epidural collection, and bone flap 
resorption, and the mortality rate is 0–3.2% (5).

The prognosis of patients with DOC undergoing CP is 
uncertain because of severe brain damage and complications, 
some of which remain hidden due to the absence or scarcity 
of effective indicators (6). The relatively high incidence of 
hydrocephalus also complicates treatment (7), and has been 
considered as a possible significant complication among the 
neurosurgical sequelae for the prognosis of patients with 
DOC in an international survey (8). Therefore, surgical 
decisions tend to be conservative, and are rarely supported 
by the literature.

In the present study, we reviewed cases of titanium CP 
in patients with DOC in our center, and summarized the 
clinical outcomes, surgical complications, perioperative 
observations,  and in part icular,  the treatment of 
transcalvarial herniation (TCH) and hydrocephalus. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1822).

Methods

Patient population

This study was approved by the Ethics Committee of The 
Seventh Medical Center, Chinese PLA General Hospital 
(approval number 2019-061), and informed consent was 
obtained from all patients’ surrogates. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Patients with vegetative state/unresponsive 
wakefulness syndrome (VS/UWS) (9) or minimally 
conscious state (MCS), according to the Coma Recovery 
Scale-Revised (CRS-R) (10), who underwent CP in our 
center between December 2016 and April 2019 were 

reviewed. The patients were divided into two groups based 
on the cause of DOC: a TBI group and a non-TBI group. 
The age, sex, and time of CP (interval between DC and 
CP <90 days was considered early CP, and ≥90 days was 
considered late CP) were recorded. The side of the bone 
window (small bone window was defined as <100 cm2, and 
large bone window was >100 cm2), level of consciousness 
(VS/UWS or MCS), and intracranial pressure at the time of 
admission were also measured.

Surgical management and follow up

All operations were performed under general anesthesia. 
The original  incis ion was used,  and a preformed 
titanium mesh was fixed under the scalp and temporalis. 
Subcutaneous drainage was performed for 24–48 hours 
postoperatively. Postoperative epidural collection was 
defined as epidural effusion greater than 15 mL, and 
cerebral hemorrhage was defined as computed tomography 
(CT)-confirmed cerebral  lobar,  subarachnoid,  or 
intraventricular hemorrhage. Impaired wound healing was 
defined as poor wound healing requiring surgical treatment. 
Death within 1 month after surgery was defined as surgery-
related death. All patients were followed-up via telephone 
or re-examination by an experienced neurologist for  
1 year after CP using the Extended Glasgow Outcome Scale 
(GOSE) (11).

Management of TCH and hydrocephalus

In patients with preoperative TCH [a typical external 
cerebral herniation after DC (12)], cerebrospinal fluid (CSF) 
was released via lumbar puncture or lumbar cistern drainage 
to relieve brain bulging, followed by head bandaging. 
Irreversible TCH was defined as TCH that relapsed 
within 48 hours after a full CSF release, and in these cases, 
the patient should undergo CP with an interoperative 
lumbar drainage tube. Hydrocephalus was diagnosed and a 
ventriculoperitoneal shunt (VPS) was placed in patients who 
met the CT scan diagnostic criteria (13) and had persistent 
intracranial hypertension or a positive CSF release test 
result. Patients with or without any CSF drainage device 
then underwent CP.

A 24-hour clipping test was performed postoperatively 
to rule out an increase in intracranial pressure or 
hydrocephalus symptoms in patients with irreversible TCH 
and intraoperative indwelling of the lumbar cistern drainage 
tube. The drainage tube was then removed. A CT scan, 
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series of lumbar punctures, and one or more CSF release 
tests were performed within 2 weeks after the surgery to 
assess for the presence of hydrocephalus. A VPS was placed 
in all patients diagnosed with postoperative hydrocephalus.

Statistical analysis

Analyses were performed using SPSS 24.0 (IBM Company, 
New York, NY, USA). For intergroup comparisons, the 
categorical data were analyzed using the chi-square test 
or Fisher’s exact test. Quantitative data were presented 
as means ± standard deviations. The preoperative and 
postoperative intracranial pressures were compared using 
the paired t-test, and other data were compared using the 
unpaired t-test. 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.

Results

Demographic and clinical characteristics

In this study, 87 patients (67 males and 20 females) with 
DOC who underwent CP were included. The mean age 
of included patients was 47.1±14.0 years. Among the 87 
cases, 56 were associated with TBI, 30 with intracerebral 
hemorrhage, and one with massive cerebral infarction. 
Sixty-nine patients were in a VS/UWS, and 18 were in 
a MCS. There were 40 left, 33 right, and 14 bilateral 
skull defects. Skull defects were <100 cm2 in 41 cases and  
>100 cm2 in 46 cases. Twelve patients (13.8%) underwent 
VPS due to hydrocephalus; of these, three were performed 
before admission at the study hospital. The mean interval 
between DC and CP was 135.8±82.1 (range, 70–566) days, 
with 63 cases (72.4%) having an interval >90 days.

Postoperative complications occurred in 18 patients, with 
an incidence of 20.7%. Two patients died within 1-month 
post-surgery (one had an intracerebral hemorrhage and 
the other had a severe incision infection). The mortality 
rate was 2.3%. The average direct cost for CP per patient 
was 10,912.4±1,789.6 CNY, and the GOSE score averaged 
2.4±0.7 points at 1-year postoperatively. The general data 
were similar between the TBI and the non-TBI groups, 
but the TBI group had more right and bilateral side CP 
(P=0.019, P=0.002), a higher overall complication rate 
(P=0.31), and a higher cost incurred (P=0.003). However, 
there was no significant difference in the average GOSE 
score between the two groups (Table 1).

Clinical outcome

One year after the operation, four patients had died, 58 
patients (66.7%) still had DOC (GOSE =2), 15 patients 
(17.2%) had a GOSE =3, and 10 patients (11.5%) had a 
GOSE =4 (Table 1). Of the 25 patients who regained full 
consciousness (GOSE ≥3), 16 were TBI patients, 12 were 
at a MCS preoperatively, and 10 underwent early CP. 
Multivariate analysis showed that preoperative MCS was 
a favorable factor for achieving GOSE ≥3 at the 1-year 
follow-up, while late CP was a negative factor (P=0.024, 
Table 2).

Surgical complications

Among the patients with postoperative complications, 
3 (3.5%) presented with epidural collection requiring 
drainage, 1 (1.1%) with intracerebral hemorrhage, and 3 
(3.5%) with impaired wound healing (Table 1). Preoperative 
VPS was performed in two of the three patients with 
incision complications and one of the three patients 
with epidural collection. Multivariate analysis identified 
preoperative VPS as a risk factor for incision complications 
(P=0.032, Table 3).

Management of TCH and postoperative hydrocephalus

A total of 71 patients were included after excluding those 
with preoperative VPS and postoperative complications 
(other than hydrocephalus), 11 (15.5%) of whom had 
postoperative hydrocephalus requiring VPS. Of the 71 
patients, 45 (63.4%) had TCH and were treated with 
CSF release measures (35 patients underwent 1–3 lumbar 
punctures and 10 patients underwent lumbar drainage), 
followed by head bandaging. The TCH resolved in 39 
patients (maintained for 48 hours after lumbar puncture 
or drainage clip), with an effectiveness rate of 86.7%. The 
remaining six patients with irreversible TCH eventually 
underwent CP with intraoperative lumbar drainage  
(Figure 1).

All patients underwent lumbar puncture before and after 
surgery to measure the intracranial pressure. Compared 
with patients with no hydrocephalus, patients with 
hydrocephalus had higher intracranial pressure at the first 
lumbar puncture postoperatively (P=0.000), higher pre- and 
post-surgery intracranial pressure difference, and a higher 
proportion of irreversible TCH. However, there was no 
significant difference in the incidence of reversible TCH 
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between the two groups (Table 4). Multivariate analysis of 
the 71 patients revealed that non-traumatic causes tended 
to be protective factors (P=0.052), whereas large bone 
window and TCH and preoperative CSF pressure were not 
independent factors (Table 5).

Discussion

In our retrospective study, patients were first classified as 
TBI or non-TBI based on etiology. We found that patients 
in the TBI group had larger bone windows, more overall 
complications, and higher costs; however, there was no 
difference in prognosis between the two groups. Clinical 

data were further analyzed to understand the clinical 
outcomes and risk factors for complications, and to evaluate 
the management of specific conditions, such as TCH.

Clinical outcome

CP for DOC patients is highly indicated for consciousness 
and cognitive recovery. Since patients are unable to express 
their wishes, their surrogates’ requests for treatment 
should be taken into account. Although there is currently 
no evidence that over-caution in CP affects prognosis, 
clinicians should avoid making decisions that lead to self-
fulfilling prophecies of poor outcomes (14). For patients 

Table 1 Comparison of demographic and clinical characteristics between TBI and non-TBI patients

Variables Total (n=87) TBI (n=56) Non-TBI (n=31) P

Age 47.1±14.0 45.7±15.7 49.7±10.0 0.155

Female, % [n] 23.0 [20] 21.4 [12] 25.8 [8] 0.642

MCS, % [n] 20.7 [18] 76.8 [13] 16.1 [5] 0.435

Time of CP (days) 135.8±82.1 136.6±95.0 134.2±52.7 0.894

Late CP (≥90 days), % [n] 72.4 [63] 69.6 [39] 77.4 [24] 0.437

Side (left/right/both) 40/33/14 18/24/14 22/9/0 0.001*#

Left/right 54/47 32/38 22/9 0.019*

One/both side(s) 73/14 42/14 31/0 0.002*#

Large bone window, % [n] 52.9 [46] 58.9 [33] 41.9 [13] 0.128

Preoperative VPS, % [n] 13.8 [12] 12.5 [7] 16.1 [5] 0.884

Complications, % [n] 20.7 [18] 28.6 [16] 6.5 [2] 0.031*#

Cerebral hemorrhage, % [n] 1.1 [1] 1.8 [1] 0.0 [0] 1.000#

Epidural collection, % [n] 3.5 [3] 3.6 [2] 3.2 [1] 1.000

Incision complication, % [n] 3.5 [3] 5.4 [3] 0.0 [0] 0.550#

Hydrocephalus, % [n] 12.6 [11] 17.9 [10] 3.2 [1] 0.103

Death within 1 m, % [n] 2.3 [2] 3.6 [2] 0 [0] 0.536#

1-year GOSE score, % [n] 2.4±0.7 2.4±0.8 2.4±0.7 0.989

1 4.6 [4] 5.4 [3] 3.2 [1]

2 66.7 [58] 66.1 [37] 67.7 [21]

3 17.2 [15] 16.1 [9] 19.4 [6]

4 11.5 [10] 12.5 [7] 9.7 [3]

5–8 0 0 0

Cost (CNY) 10,912.4±1,789.6 11,278.5±1,963.1 10,251.0±1,188.8 0.003*

* indicates a significant difference (P<0.05); #, Fisher’s exact test. TBI, traumatic brain injury; MCS, minimally conscious state; CP, 
cranioplasty; VPS, ventriculoperitoneal shunt; GOSE, Extended Glasgow Outcome Scale.
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with DOC who have a potential chance of consciousness 
recovery (6), skull defect is an unstable state of the 
brain, and CP is beneficial in reconstructing the cranial 
environment. CP can improve cerebral perfusion and brain 
function (1,2), and prevent or treat trephined syndrome/
sinking skin flap syndrome (SSFS) caused by external 
atmospheric pressure in skull defect (15,16), in addition 
to protecting brain tissue, providing cosmetic benefits, 
and facilitating discharge home (17). The consciousness 
of patients was also reported to improve significantly after  
CP (18).

In our study, recovery of consciousness was observed in 
both the TBI and non-TBI groups. At the 1-year follow-
up stage, 25 patients (28.7%) had a GOSE score of ≥3 
and regained consciousness. There were 10 patients with 
a GOSE score of up to 4 who achieved partial self-care, 
which significantly reduced nursing challenges and living 
costs. These are very good results for patients who have 

been explicitly diagnosed with prolonged DOC. Since 
preoperative MCS status was a favorable factor for achieving 
GOSE ≥3 points, patients with MCS could benefit more 
from cranial repair.

Timing of surgery

This study found that late CP (>90 days) was an unfavorable 
factor for GOSE ≥3 at follow-up, which is likely due to the 
following two reasons. Firstly, patients diagnosed with DOC 
within 3 months may have a better natural prognosis, and 
secondly, early CP may provide benefits to consciousness 
recovery. Previous studies and systematic reviews have 
found that the benefits of improved nervous system function 
were greater with early (≤90 days) compared with late 
surgery (>90 days) (3,19), whereas the greatest improvement 
in cognitive function was noted when CP was performed 
within 3 to 6 months after DC (20).

Table 2 Logistic analysis of the predictors of consciousness recovery (GOSE 3)

Variables P value OR 95% CI

MCS 0.000* 17.195 4.022–73.510

Age 0.718 0.993 0.953–1.034

Female 0.904 1.085 0.292–4.033

Non-TBI 0.534 1.469 0.438–4.932

Late CP 0.023* 0.237 0.069–0.820

Large bone window 0.106 0.364 0.107–1.240

Preoperative VPS 0.326 0.414 0.071–2.404

Postoperative hydrocephalus 0.758 1.317 0.229–7.575

* indicates a significant difference (P<0.05). GOSE, Extended Glasgow Outcome Scale; MCS, minimally conscious state; TBI, traumatic 
brain injury; CP, cranioplasty; VPS, ventriculoperitoneal shunt.

Table 3 Logistic regression analysis of the risk factors of incision complications and epidural collection

Complication Variables P value OR 95% CI

Incision complication Age 0.348 1.062 0.937–1.202

Late CP 0.116 0.080 0.003–1.860

Large bone window 0.392 3.673 0.186–72.343

Preoperative VPS 0.032* 67.849 1.443–3,190.820

Epidural collection Non-TBI 0.830 0.761 0.064–9.122

Large bone window 0.537 0.457 0.038–5.472

Preoperative VPS 0.380 3.072 0.250–37.737

* indicates a significant difference (P<0.05). CP, cranioplasty; VPS, ventriculoperitoneal shunt; TBI, traumatic brain injury.



8894 Dang et al. CP for patients with DOC

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):8889-8899 | https://dx.doi.org/10.21037/apm-21-1822

The reported incidence of complications in early and late 
CP remains controversial. CP at 15 to 30 days may reduce 
the risks of infection, epilepsy, and bone flap absorption, 
whereas CP at >90 days minimizes the risk of hydrocephalus 
but increases the risk of epilepsy (5). A previous study on 

malignant middle cerebral artery infarction suggested 
that late CP after DC decreases the incidence of  
hydrocephalus (21). Incision complications may be frequent 
with early CP among patients with severe TBI having 
Glasgow Coma Scale scores of 3–8 points and bilateral 

Figure 1 Representative CT images before and after CP. (A) A patient who was minimally conscious due to intracerebral hemorrhage 
showing TCH and subdural effusion after DC. (B) After repeated release of CSF from the lumbar puncture, the brain tissue stabilized the 
collapse. (C) No obvious hydrocephalus was noted after CP. (D) A patient in a VS and enlarged ventricles after TBI. (E) CP as performed 
under lumbar cistern drainage. (F) After removal of the drainage tube, the ventricle appeared slightly enlarged, but no hydrocephalus 
was noted. (G) A patient in a VS caused by TBI showing failed VPS placement before CP. (H) CP was performed under lateral external 
drainage. (I) Hydrocephalus was noted after CP, which required a second shunt surgery. CT, computed tomography; CP, cranioplasty; TCH, 
transcalvarial herniation; DC, decompressive craniectomy; CSF, cerebrospinal fluid; VS, vegetative state; TBI, traumatic brain injury; VPS, 
ventriculoperitoneal shunt.
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frontotemporal bone window collapse after DC, whereas 
the long-term prognosis (according to the Glasgow 
Outcome Scale scores) may not differ between early and 
late CP (22). A meta-analysis found that early surgery 
can reduce the operation time and subdural effusion, and 
may be related to fewer scars (23). Delayed CP and the 
development of hydrocephalus are associated with poor 
prognosis in patients with severe TBI (17,24). In general, 
we believe that early surgery is safe and beneficial to the 
early improvement of consciousness and function, which is 
the premise of many rehabilitation programs and should be 
advocated.

Surgical complications

From the results of this study, CP was found to be safe 
for patients with DOC. Patients with DOC having skull 
defects often experience greater initial severe brain injury 

than conscious patients with skull defects. This includes 
damage to the cerebral vascular system, CSF circulatory 
system, and there may be hypothalamic insufficiency. The 
overall complication rate of CP was comparable to the 
rate reported in the literature (5). More extensive brain 
tissue damage in TBI patients may be related to the higher 
incidences of total complications compared to non-TBI 
patients. Traumatic subarachnoid hemorrhage in some 
TBI patients may also contribute to the high incidence of  
complications (25). Patients with DOC cannot actively 
express discomfort after surgery, which limits early detection 
of serious complications such as acute hydrocephalus and 
other secondary intracranial hypertension conditions. 
Therefore, targeted postoperative observation, such 
as routine lumbar puncture, is extremely important. 
Preoperative VPS is a risk factor for incision complications, 
which may be due to the poor wound conditions caused by 
a sunken skin flap. Preoperative VPS is also an important 

Table 4 Comparison of CSF pressure and TCH between patients with and without postoperative hydrocephalus

Variables Total
Postoperative hydrocephalus

P value
No Yes

N&, % [n] 100.0 [71] 84.6 [60] 15.5 [11] –

Preoperative CSF pressure 137.5±56.7 136.0±56.1 145.9±62.1 0.598

Postoperative CSF pressure 148.1±32.8 140.8±27.0 188.2±33.7 0.000*

Minus 10.6±55.9 4.8±52.3 42.3±66.5 0.040*

P value# 0.114 0.480 0.061 –

TCH, % [n] 63.4 [45] 60 [36] 81.8 [9] 0.298

Reversible, % [n] 54.9 [39] 56.7 [34] 45.4 [5] 0.721

Irreversible, % [n] 8.5 [6] 3.3 [2] 36.4 [4] 0.002*
&, number of patients, excluding those with preoperative VPS and postoperative complications (other than hydrocephalus); * indicates 
a significant difference (P<0.05); # indicates P values from paired t-tests. CSF, cerebrospinal fluid; TCH, transcalvarial herniation; VPS, 
ventriculoperitoneal shunt.

Table 5 Logistic regression analysis of the risk factors of postoperative hydrocephalus

Variables P value OR 95% CI

Non-TBI 0.055 0.119 0.014–1.045

Large bone window 0.153 0.344 0.080–1.484

TCH 0.332 2.402 0.409–14.109

Preoperative CSF pressure 0.807 1.002 0.989–1.014

TBI, traumatic brain injury; TCH, transcalvarial herniation; CSF, cerebrospinal fluid.
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risk factor for epidural collection (26).

Management of TCH and hydrocephalus

There  are  two poss ib le  causes  o f  pos topera t ive 
hydrocephalus (as a main complication after CP) for 
patients with DOC. Firstly, severe brain injury significantly 
disrupts CSF circulation and increases the incidence of 
potential hydrocephalus (27). Secondly, the strategy to 
avoid preoperative shunt, as adopted in this study, makes the 
incidence of postoperative hydrocephalus appear to be high. 
Patients commonly show TCH, subdural effusion, and 
ventricular enlargement with DOC, and skull defects are 
related to extensive brain damage. Sometimes these issues 
occur concurrently, and transcalvarial brain herniation and 
contralateral or interhemispheric subdural hygroma may be 
a risk factor for post-traumatic hydrocephalus (13,28,29), 
which requires VPS placement (30).

However, the identification of the causes of ventricular 
enlargement, including hydrocephalus and brain atrophy, 
in patients with DOC is often difficult. This mirrors the 
dilemma of identifying normal-pressure hydrocephalus and 
brain atrophy in dementia patients. Thus, it is necessary to 
perform CSF drainage tests or assess CSF dynamics (31) 
before VPS placement. Improper VPS placement with skull 
defect, especially the use of a non-adjustable shunt, could 
not only increase hyperdrainage complications due to the 
atmospheric external pressure, but also cause problems for 
subsequent CPs, including epidural collection (26), lethal 
intracranial hypotension, and hypertension (32).

To avoid these risks, we strictly followed the indications 
for the procedure (as described in the Methods section), 
and performed CP soon after VPS placement. For the 45 
patients with simple TCH, we performed various CSF 
release measures preoperatively to provide sufficient 
conditions for the brain tissue to return to its original 
form, and 36 (86.7%) of them turned out to be reversible. 
Although univariate analysis showed that irreversible 
TCH was significantly higher in the hydrocephalus group, 
regression analysis indicated that TBI, rather than TCH as 
a whole, was a risk factor for postoperative hydrocephalus. 
In some cases, it was necessary to wait for approximately  
2 weeks after surgery to confirm that the intracranial 
pressure had gradually reduced to normal. This validates 
the theory that DC may have implications involving 
the flow of CSF (33). Other studies have found that CP 
could correct CSF disturbance (24). There is a need to 

further investigate whether delayed CP causes irreversible 
hydrocephalus. However, CP, rather than aggressive VPS, 
is the best treatment for patients with unstable states, such 
as TCH, and should be performed as early as possible. For 
potential hydrocephalus, a diagnosis and a decision on VPS 
can sometimes only be made after CP.

Nursing and rehabilitation

CP undoubtedly facilitates nursing and rehabilitation 
training, and may reduce the difficulty of discharge 
planning. In patients with DOC, general perioperative care, 
such as nutritional support, pulmonary care, management 
of severe cramp and diffuse pain, and rehabilitation exercise 
for limb function, should also be emphasized; although, 
data on the well-known efficacy of neurorehabilitation 
in neurosurgical patients is scarce (17). Attention 
should also be paid to the management of comorbidities 
and medical complications, which may be critical in 
influencing the recovery of consciousness and functional  
improvement (34,35).

Limitations

The limitations of this study include the following. Firstly, 
the retrospective collection and analysis of the data cannot 
disentangle the effect of CP from natural recovery in the 
improvement of the level of consciousness. Secondly, due to 
the disability and transportation difficulties of patients with 
DOC, bedside evaluations of CRS-R were replaced by the 
use of GOSE (via telephone) in the follow-up assessment, 
which had a limited correlation with CRS-R used in the 
preoperative evaluation. A more recommended GOSE-
Revised (GOSE-R) (36,37) will be used in future studies. 
Thirdly, intracranial pressure measured through lumbar 
puncture was influenced by deviations in patient posture 
and state [e.g., if a patient was in paroxysmal sympathetic 
hyperactivity state (38), a common syndrome in patients 
with DOC appearing hypertonia or spasticity, the pressure 
would increase accordingly]. Special attention to the 
measurement environment was required, and multiple 
measurements were conducted to avoid single measurement 
bias. Lastly, electroencephalography was not performed 
during the perioperative period to protect the wound, 
and it is difficult to diagnose epilepsy using the clinical 
manifestations of patients with DOC. Therefore, we did not 
consider epilepsy as a surgical complication, which might 
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have influenced the estimation of total complications.

Conclusions

CP is beneficial in DOC patients with severe brain injury. 
Although the complications and costs of TBI patients 
were higher than those of non-TBI patients, there was 
no significant difference in the outcomes. However, early 
surgery and surgery for patients with a MCS diagnosis 
resulted in better consciousness recovery. Preoperative VPS 
was a risk factor for postoperative incision complications, 
and non-traumatic etiology tended to be a protective factor 
against postoperative hydrocephalus. For patients with 
simple TCH, a decision on VPS can only be made after 
CP. Special observations, such as routine measurement 
of intracranial pressure and neurorehabilitation for DOC 
patients, are essential for ensuring optimal prognosis.
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