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Abstract
Background  Post-traumatic hydrocephalus (PTH) is one of the primary complications during the course of traumatic brain 
injury (TBI). The aim of this study was to define factors associated with the development of PTH in patients who underwent 
unilateral decompressive craniectomy (DC) for TBI.
Methods  A total of 126 patients, who met the inclusion criteria of the study, were divided into two groups: patients with 
PTH (n = 25) and patients without PTH (n = 101). Their demographic, clinical, radiological, operative, and postoperative 
factors, which may be associated with the development of PTH, were compared.
Results  Multivariate logistic regression analysis revealed that cranioplasty performed later than 2 months following DC was 
significantly associated with the requirement for ventriculoperitoneal shunting due to PTH (p < 0.001). Also, a significant 
unfavorable outcome rate was observed in patients with PTH at 1-year follow-up according to the Glasgow Outcome Scale-
Extended (p = 0.047).
Conclusions  Our results show that early cranioplasty within 2 months after DC was associated with a lower rate of PTH 
development after TBI.
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Abbreviations
PTH	� Post-traumatic hydrocephalus
TBI	� Traumatic brain injury
DC	� Decompressive craniectomy
VPS	� Ventriculoperitoneal shunting
GCS	� Glasgow Coma Score

GOS-E	� Glasgow Outcome Scale-Extended
SAH	� Subarachnoid hemorrhage
ROC	� Receiver-operating characteristic
AUC​	� Area under the curve
CSF	� Cerebrospinal fluid

Introduction

Traumatic brain injury (TBI) is an important public health 
issue because it is one of the most prevalent causes of death 
and disability in young adults [12, 13, 16]. Decompressive 
craniectomy (DC) serves as a life-saving procedure in cases 
of an uncontrollable increase in intracranial pressure and 
mass effect due to severe TBI [3, 14, 21, 30]. Although DC 
has gained popularity in the past few decades, the procedure 
is still associated with a marked complication rate [2, 17, 
18, 33, 42].

Post-traumatic hydrocephalus (PTH) is one of the late 
complications of DC [2, 18, 33, 42]. It is associated with 
poor prognosis owing to the effects of the condition and 
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complications of additional surgeries during the disease 
course [26, 27]. A comprehensive understanding of the 
pathophysiology and preventable causes of PTH after DC is 
mandatory to achieve optimal follow-up results. The present 
study aimed to retrospectively identify the factors associated 
with PTH requiring ventriculoperitoneal shunting (VPS) in 
patients who underwent unilateral DC for TBI.

Materials and methods

Patient population and study design

This study was reviewed and approved by the Erzincan 
Binali Yildirim University Clinical Research Ethics Com-
mittee (Number: 33216249-604.01.02-E.53219). Patients 
aged > 18 years who had undergone unilateral DC for TBI 
and who had survived 30 days after DC were included in 
the study. Exclusion criteria were as follows: the history of 
bilateral DC, the history of hydrocephalus before TBI, and 
bleeding diathesis. A total of 126 patients (84 men and 42 
women) operated between January 2012 and January 2018 
met the study criteria. Clinical, radiological, operative, and 
postoperative data of the patients were collected through 
clinical records and radiological examinations (Table 1). All 
patients were divided into two groups: patients with PTH 
(PTH group, n = 25) and patients without PTH (non-PTH 
group, n = 101). Patients who underwent VPS were included 
in the PTH group. Informed consent was obtained from all 
included participants.

Treatments were administered according to the guidelines 
recommended by the Brain Trauma Foundation [4, 7]. Spe-
cific radiological criteria were considered while making the 
DC decision. Patients with > 5-mm midline shift and com-
pressed/absent cisterns on computed tomography (CT) were 
accepted as those requiring DC. Also, DC was performed in 
the presence of marked brain swelling and protrusion of cer-
ebral tissues from the craniectomy area during the surgery. 
Subdural hematoma evacuation and DC were performed in 
the same session. A large fronto-temporo-parietal DC (larger 
than 12 × 15 cm in size) was performed with a medial border 
of at least 2–2.5 cm from the midline. A dural incision was 
performed in a stellate manner [15]. After subdural hema-
toma evacuation, duraplasty was performed with galea, 
the fascia lata, or an artificial graft. The cranial bone graft 
removed during DC was preserved inside the subcutane-
ous adipose tissue of the abdomen until cranioplasty was 
performed.

The diagnosis of PTH was based on the compliance of 
clinical symptoms with radiological images. Several clinical 
circumstances such as the decrease in the level of conscious-
ness, persistent headache, nausea, vomiting, papilledema, 
focal neurologic deficits, and cognitive changes (decreased 

memory, decreased attention, and irritability) were consid-
ered to establish the diagnosis of PTH. While deciding if 
VPS should be performed, the definition of radiological 
PTH was established in reference to previous studies [9, 
10]. The following were accepted as PTH criteria: radio-
logically determined lateral ventricular dilatation with an 
Evan’s Index of ≥ 30%, periventricular lucencies marked 
around frontal and occipital horns, decrease in intersulcal 
spaces at the convexity, and expansion of the third ventricle.

Cranioplasty timing was decided based on the choice of 
the surgeon and the patient’s recovery after initial TBI. All 
surgical interventions were performed under the supervision 
of two senior surgeons (AMM and AY). While the choice 
of one of the senior surgeons (AMM) for timing was early 
cranioplasty in patients with an appropriate clinical condi-
tion, that of the other senior surgeon (AY) was in favor of 
late cranioplasty.

Clinical data

Demographic data (sex and age), medical history, trauma 
mechanism, Glasgow Coma Scale (GCS) score, pupil reac-
tions before DC, affected cerebral hemisphere side, the inci-
dence of meningitis, and functional outcomes at the time 
of PTH diagnosis and at 12-month follow-up according to 
the Glasgow Outcome Scale-Extended (GOS-E) [40] were 
recorded and compared among all patients. The outcome 
was scored according to GOS-E scores: 1, death; 2, per-
sistent vegetative state; 3, lower severe disability; 4, upper 
severe disability; 5, lower moderate disability; 6, upper 
moderate disability; 7, lower good recovery; and 8, upper 
good recovery [40]. Outcomes were classified as unfavorable 
(GOS-E score 1–4) or favorable (GOS-E score 5–8).

Radiological data

The maximum width of subdural hematoma, midline shift 
before DC, presence of contusion, status of basal cisterns, 
presence of subarachnoid hemorrhage (SAH), and presence 
of skull fractures were compared between the two groups. 
Midline shift was described as the length of the displace-
ment of the septum pellucidum from the midline [25]. The 
basal cistern status was categorized as normal, compressed, 
or absent [37].

Operative and postoperative data

DC timing, duraplasty material, and cranioplasty timing 
and material were compared between the groups. DC tim-
ing was described as the time interval between the trauma 
and starting time of the operation for DC surgery plus 
30 min, which presented the approximate time of decom-
pression. Duraplasty material was classified into autologous 
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Table 1   Data of 126 cases 
of traumatic brain injury that 
underwent decompressive 
craniectomy

GCS Glasgow Coma Score, Max maximum, SDH subdural hematoma, SAH subarachnoid hemorrhage, DC 
decompressive craniectomy, GOS-E Glasgow Outcome Scale-Extended

Variables Total Post-traumatic hydrocephalus p value

Yes No

Number of cases 126 25 101
Clinical variables
 Age (years) 53.1 ± 19.4 50.4 ± 13.9 53.8 ± 20.6 0.380
 Gender (female/male) 126 6 (24%)/19 (76%) 36 (35.6%)/65 (64.4%) 0.268
 Additional diseases
  Hypertension 28 (22.2%) 6 (24%) 22 (21.8%) 0.811
  Diabetes mellitus 22 (17.5%) 7 (28%) 15 (14.9%) 0.121

 Trauma mechanism 0.915
  Fall 55 (43.7%) 10 (40%) 45 (44.6%)
  Traffic accident 62 (49.2%) 13 (52%) 49 (48.5%)
  Others 9 (7.1%) 2 (8%) 7 (6.9%)

 GCS at admission 7.9 ± 2.6 7.7 ± 2.4 7.9 ± 2.6 0.829
 Side 0.497
  Dominant 78 (61.9%) 14 (56%) 64 (63.3%)
  Non-dominant 48 (38.1%) 11(44%) 37 (36.6%)
  Dilated pupils 40 (31.7%) 10 (40%) 31 (30.7%) 0.373

Radiological variables
 Max. width of SDH (mm) 15.8 ± 7.8 16.8 ± 7.9 15.6 ± 7.8 0.522
 Midline shift (mm) 10.5 ± 4.5 10.1 ± 3.4 10.6 ± 4.7 0.591
 Contusion 41 (32.5%) 6 (24%) 35 (34.7%) 0.309
 Cranial fracture 41 (32.5%) 7 (28%) 34 (33.7%) 0.588
 SAH 52 (41.3%) 13 (52%) 39 (38.6%) 0.322
 Cisterns 0.778
  Normal 5 (4%) 1 (4%) 4 (4%)
  Compressed 73 (58%) 16 (64%) 57 (56.4%)
  Absent 48 (38%) 8 (32%) 40 (39.6%)

Operative variables
 Timing of DC surgery 0.213
   ≤ 6 h 93 (73.8%) 16 (64%) 77 (76.2%)
   > 6 h 33 (26.2%) 9 (36%) 24 (23.8%)

 Duraplastic material 0.496
  Autologous 117 (92.9%) 24 (96%) 93 (92.1%)
  Artificial 9 (7.1%) 1 (4%) 8 (7.9%)

Postoperative variables
 Timing of cranioplasty 74.8 ± 40.7 101.9 ± 38.3 68.1 ± 38.6  < 0.001
   ≤ 2 months 67 (53.2%) 5 (20%) 62 (61.4%)
   > 2 months 59 (46.8%) 20 (80%) 39 (38.6%)

 Cranioplasty material 0.705
  Otogen 119 (94.4%) 24 (96%) 95 (94.1%)
  Sentetic 7 (5.6%) 1 (4%) 6 (5.9%)

 Meningitidis 5 (4%) 2 (8%) 3 (3%) 0.258
 Outcome 0.014
  Unfavorable (GOS-E 1–4) 44 (34.9%) 14 (56%) 30 (29.7%)
  Favorable (GOS-E 5–8) 82 (65.1%) 11 (44%) 71 (70.3%)
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(galea–pericranium and fascia lata) and artificial (bovine-
derived pericardium membrane). Regarding cranioplasty 
timing, the timeframe was determined to distinguish early 
and late cranioplasty using the ROC curve and Youden’s 
index analyses. Cranioplasty material was classified into 
autologous (previously removed calvarial bone) and artificial 
(acrylic and titanium mesh).

Statistical analysis

Results are presented as numbers and percentages for cat-
egorical variables and as mean and standard deviation, 
median, or minimum–maximum for continuous variables. 
Chi-square or Fisher’s exact test was performed for between-
group comparison of categorical variables. The normality of 
the distribution of continuous variables was confirmed using 
the Shapiro–Wilk test. Mann–Whitney U test was performed 
for the comparison of independent continuous variables. 
Multivariate logistic regression analysis was performed 
to determine the possible risk factors for PTH. Regarding 
multivariate logistic regression analysis, all variables sig-
nificantly associated with PTH with a p value of < 0.25 in 
univariate analysis were selected. The statistical level of 
significance for all tests was set at 0.05. While the asso-
ciation between PTH development and cranioplasty timing 
was examined, the ROC curve was used and area under the 
curve (AUC) is presented. AUC values between 0.8 and 0.9 
were accepted as excellent discrimination. Youden’s index 
was applied to specify the most appropriate threshold and 
optimal sensitivity and specificity. Statistical analyses were 
performed using IBM SPSS 19 (IBM Corp. Released 2010. 
IBM SPSS Statistics for Windows, Version 19.0; IBM Corp., 
Armonk, NY).

Results

PTH was observed in 25 (19.8%) of the 126 patients. The 
mean duration from DC to PTH diagnosis was 128 ± 42 
(43–179) days. In 21 of these 25 patients, PTH developed 
after cranioplasty. In the remaining four patients, the deci-
sion of VPS timing was made according to the neurological 
status and brain bulging outside the craniectomy area. In two 
patients with marked bulging and neurological deterioration, 
VPS was performed a few days before cranioplasty. In the 
remaining two patients, cranial reconstruction and VPS were 
performed in same-session surgery.

Demographic, clinical, radiological, operative, and post-
operative data of all patients are summarized in Table 1. 
There were no significant differences in age, sex, medical 
history (hypertension and diabetes mellitus), mechanism of 
trauma, GCS scores before DC, affected cerebral hemisphere 
side, pupil size, maximum width of subdural hematoma, 

midline shift, presence of contusion, presence of cranial 
fracture, the status of basal cisterns, presence of SAH, the 
time interval between the trauma and DC, duraplasty and 
cranioplasty material, and incidence of meningitis between 
the two groups (Tables 1, 2).

In both groups, the most common cause of trauma was 
traffic accidents (PTH group: 52%, non-PTH group: 48.5%), 
and the average GCS score at admission was < 8 (PTH 
group: 7.7, non-PTH group: 7.9). Among other clinical 
parameters, the rate of the dilated pupil was higher in the 
PTH group (40%) than in the non-PTH group (30.7%), but 
there was no significant difference (p = 0.373). The average 
subdural hematoma thickness was > 15 mm (PTH group: 
16.8 mm, non-PTH group: 15.6 mm) and the average midline 
shift was > 10 mm (PTH group: 10.1 mm, non-PTH group: 
10.6 mm) in both groups. The rate of traumatic SAK was 
higher in the PTH group (52%) than in the non-PTH group 
(38.6%), but there was no significant difference (p = 0.322). 
In addition, basal cisterns were affected (compressed or 
absent) in 96% of the patients in both groups. In the major-
ity of patients in both groups, autologous duraplasty (PTH 
group: 96%, non-PTH group: 92.1%) and cranioplasty (PTH 
group: 96%, non-PTH group: 94.1%) materials were used. 
Further, the incidence of meningitis was higher in the PTH 
group than in the non-PTH group (8% vs. 3%), but the dif-
ference was not significant (p = 0.258).

Regarding the relationship between cranioplasty timing 
and PTH development, ROC curve analysis revealed an 
AUC of 0.805 (95% CI 0.710–0.900; Table 3). According 
to this value, cranioplasty timing was considered excellent 
discrimination for PTH development. The optimal point 
according to Youden’s index was found to be 62 days. The 
possibility of PTH development was found to be higher 
in ≥ 62  days after DC (sensitivity: 0.800, specificity: 
0.703; Table 3). According to these results, a timeframe of 
2 months was determined to distinguish between early and 
late cranioplasty.

The mean cranioplasty timing was 101.9 ± 38.3 days 
in the PTH group and 68.1 ± 38.6 days in the non-PTH 
group. The time interval between DC and cranioplasty was 
significantly longer in the PTH group than in the non-PTH 

Table 2   Results of multivariate logistic regression analysis

Measures of fit for logistic regression: −  2  log likelihood: 106.93; 
Cox and Snell R Square: 0.137; Nagelkerke R Square: 0.218; Hos-
mer–Lemeshow goodness of fit test χ2: 8.47, p-value: 0.076
OR odds ratio, CI confidence interval, GOS-E Glasgow Outcome 
Scale-Extended, DC decompressive craniectomy

Variables OR 95% CI p value

Cranioplasty later than 2 months 7.71 2.49–23.92  < 0.001
Timing of DC surgery 2.26 0.78–6.54 0.134
Diabetes mellitus 2.37 0.71–7.97 0.163
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group (p < 0.001). In addition, 80% and 38.6% of the 
patients in the PTH and non-PTH groups, respectively, 
underwent cranioplasty later than 2 months. Early cranial 
reconstruction within 2 months after DC was associated 
with a lower rate of PTH development according to mul-
tivariate logistic regression analysis (p < 0.001; Table 2).

The unfavorable functional outcome rate according to 
GOS-E was 44% (11/25) in the PTH group at the time of 
diagnosis, and the median duration from DC to PTH diag-
nosis was 4.3 months. Therefore, the functional status of 
the non-PTH group within the fifth month (120–150 days) 
after DC was evaluated. The unfavorable functional out-
come rate was 34.6% (35/101) in the non-PTH group, and 
no significant difference was observed between the two 
groups (p = 0.384). Finally, 56% of the PTH group and 
only 29.7% of the non-PTH group showed unfavorable 
functional outcomes at the 12-month follow-up. Multi-
variate logistic regression analysis revealed that PTH was 
associated with unfavorable functional outcomes accord-
ing to GOS-E scores at the 12-month follow-up (p = 0.047; 
Table 2).

The characteristics of the patients who underwent cranio-
plasty within 2 months after DC (early cranioplasty group) 
were comparable to those of the patients who underwent 
cranioplasty later than 2 months after DC (late cranioplasty 
group; Table 4). There was a significant difference between 
the two groups in terms of PTH development. Early cranio-
plasty was associated with a lower rate of post-traumatic 
hydrocephalus. The rate of PTH was 7.5% (5/67) in the early 
cranioplasty group and 33.9% (20/59) in the late cranioplasty 
group (p < 0.001). The between-group comparison was made 
in terms of functional status, including neurological deficits 
and symptoms. According to GOS-E, the rate of unfavora-
ble functional outcome was 32.7% in the early cranioplasty 
group and 38.2% in the late cranioplasty group; however, 
no significant difference was observed between the two 
groups (p = 0.601). Moreover, no significant difference was 

observed in terms of other parameters between early and late 
cranioplasty groups.

Discussion

DC has gained popularity in neurosurgery practice in the 
past few decades. A prospective, randomized RESCUE-
icp trial showed that DC led to decreased mortality and 
increased vegetative state rates [22]. PTH is one of the major 
complications of DC after TBI. The development of PTH 
increases the unfavorable functional outcome rate during 
the follow-up [11, 31, 34]. Nasi et al. [31] reported an unfa-
vorable functional outcome rate of 78%/48% in patients with 
PTH/without PTH; in another study by Su et al. [34], these 
rates were 60%/18%. In a study by Di et al. [11], the aver-
age GOS-E scores at 6 months after trauma were 3.3/6.8 in 
patients with/without PTH. In the present study, the unfa-
vorable functional outcome rate at the 12-month follow-up 
was 56%/29.7% in patients with/without PTH.

Concerning the traditional perspective of cerebrospinal 
fluid (CSF) physiology, the majority of CSF is produced by 
ependymal cells and the choroid plexuses in the ventricles 
[28]. CSF circulates in ventricles, cisterns, and subarach-
noid space and drains into the venous system with arachnoid 
granulations. According to novel insights, CSF circulation 
includes an additional pulsatile movement throughout the 
entire brain with fluid interchange among interstitial space, 
blood, and CSF. Aquaporins, astrocytes, and membrane 
transporters are suggested to be essential factors in brain 
CSF homeostasis [5, 6] CSF absorption by arachnoid granu-
lations does not involve a directed flow, rather it requires 
pulsatile pressure because arachnoid granulations function 
as pressure-dependent unidirectional valves owing to their 
morphology [36, 39]. Moreover, the exchanges among ves-
sels, interstitial space, and CSF throughout the brain are 
maintained under pulsatile pressure changes [6]. Large 
DC transforms the cranial vault from a closed system to 
an open box, resulting in the loss of pulsatile intracranial 
CSF dynamics. Flattening of the normal ICP waveform 
during intraparenchymal pressure monitoring after DC sup-
ports this condition in the clinical settings [39]. This may 
explain how early cranioplasty provides the balance of nor-
mal pressures and leads to the prevention of PTH devel-
opment. Meanwhile, permanent dysfunction of arachnoid 
granulations occurs in CSF diversion cases, which provide 
long-term inhibition of pulsatile pressure [35]. Prolonged 
pressure disturbance in late cranioplasty may lead to per-
manent dysfunction of arachnoid granulations, resulting in 
PTH development even after cranioplasty. This notion is 
supported by the findings of the present study, wherein the 
rate of PTH development was lower in the early cranioplasty 
group than in the late cranioplasty group. Similar results 

Table 3   The results of ROC curve analysis and the Youden index for 
the relation of the timing of cranioplasty with post-traumatic hydro-
cephalus

AUC​ area under the curve, CI confidence interval

AUC analysis
 AUC (95% CI) 0.805 

(0.710–
09.00)

 p value  < 0.001
Youden index
 Youden index J 0.503
 Associated criterion (days)  ≥ 62
 Sensitivity (%) 80.0
 Specificity (%) 70.3
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have been demonstrated in previous studies. Waziri et al. 
assessed post-craniectomy hydrocephalus in decompression 
cases and reported that the average cranioplasty time was 
75.3/22.3 days in patients with/without hydrocephalus [39]. 
Moreover, in their DC series, Nasi et al. reported that 92% 
of the patients who developed PTH underwent cranial vault 
restoration after 3 months [31]. In contrast, Honeybul et al. 
[19] concluded that cranioplasty time does not affect PTH 
development after DC. Indeed, the average cranioplasty time 
was approximately 3 months for both groups (PTH group: 
86 days, non-PTH group: 96 days). Moreover, Honeybul 
et al. [19] suggested that the underlying mechanism of PTH 
is related to the severity of primary brain injury. Moreover, 
an observational study by Morton et al. [29] reported that 
cranial reconstruction performed later than 3 months was 

associated with a lower rate of hydrocephalus development. 
Although their study comprised a larger series, various indi-
cations for DC were included and no mechanism for a lower 
rate was proposed [29].

PTH is one of the late complications of DC after TBI, 
and PTH usually develops after cranioplasty. In a series 
by Nasi et al. [31], VPS was performed after cranioplasty 
in 61% (23/34) of patients, whereas in the present series, 
it was performed in 84% (21/25) of patients. Both results 
support the idea that prolonged pressure disturbance 
causes irreversible dysfunction in arachnoid granulations 
[35], thereby maintaining the risk of PTH development 
even after cranioplasty. VPS and cranioplasty can be per-
formed in same-session surgery. In the presence of severe 
PTH and obvious bulging of the brain parenchyma from 

Table 4   Data of decompressive 
craniectomy cases according 
to the interval from DC to 
cranioplasty

GCS Glasgow Coma Score, Max maximum, SDH subdural hematoma SAH subarachnoid hemorrhage, 
PTH post-traumatic hydrocephalus, GOS-E Glasgow Outcome Scale-Extended

Variable Number Cranioplasty time
 ≤ 2 months

Cranioplasty time
 > 2 months

p value

Number of cases 126 67 (53.2%) 59 (46.8%)
 Age (years) 53.1 ± 19.4 54.4 ± 21.5 51.3 ± 16.7 0.262
 Gender 0.519
  Female 42 (33.3%) 22 (32.8%) 20 (33.9%)
  Male 84 (66.7%) 45 (67.2%) 39 (66.1%)

 Additional diseases
  Hypertension 28 (22.2%) 19 (28.4%) 9 (15.3%) 0.132
  Diabetes mellitus 22 (17.5%) 13 (19.4%) 9 (15.3%) 0.540

 Trauma mechanism 0.152
  Fall 55 (43.7%) 31 (46.3%) 24 (40.7%)
  Traffic accident 62 (49.2%) 34 (50.7%) 28 (47.5%)
  Others 9 (7.1%) 2 (3%) 7 (11.9%)

 Additional diseases 8.2 ± 2.6 7.5 ± 2.3 0.161
  Hypertension 28 (22.2%) 19 (28.4%) 9 (15.3%) 0.132
  Diabetes mellitus 22 (17.5%) 13 (19.4%) 9 (15.3%) 0.540

 Side 0.467
  Dominant 78 (61.9%) 39 (58.2%) 39 (66.1%)
  Non-dominant 48 (38.1%) 28 (41.8%) 20 (33.9%)

 Max. width of SDH (mm) 15.6 ± 8.0 14.2 ± 7.6 17.2 ± 7.9 0.096
 Preop shift (mm) 10.4 ± 5.2 10.7 ± 4.5 10.1 ± 4.6 0.258
 Contusion 41 (32.5%) 26 (38.8%) 15 (25.4%) 0.109
 Cranial fracture 40 (31.7%) 26 (38.8%) 14 (23.7%) 0.069
 SAH 52 (41.3%) 23 (34.3%) 29 (49.2%) 0.132
 Cisterns 0.752
  Normal 5 (4%) 2 (3%) 3 (5.1%)
  Compressed 73 (58%) 38 (56.7%) 35 (59.3%)
  Absent 48 (38%) 27 (40.1%) 21 (35.6%)

 PTH 25 (19.8%) 5 (7.5%) 20 (33.9%)  < 0.001
 Outcome 0.601
  Unfavorable (GOS-E 1–4) 44 (34.9%) 22 (32.8%) 22 (37.3%)
  Favorable (GOS-E 5–8) 82 (65.1%) 45 (67.2%) 37 (62.7%)
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the craniectomy area, cranioplasty should be performed 
a few days after the initial VPS. In the series by Nasi 
et al. [31], same-session surgery was performed in seven 
patients and VPS before cranioplasty was performed in 
four patients, whereas in the present series, same-session 
surgery and VPS before cranioplasty were performed in 
two patients each.

Several factors have been suggested to affect PTH 
development after DC. Both young [38] and old age [34] 
are reported to be associated with PTH development. 
Besides the presence of SAH [23], the presence of menin-
gitis [20] and low GCS scores [11] have been suggested to 
affect PTH development. However, none of these factors 
was found to be associated with PTH development in our 
study.

Arachnoid adhesions formed after DC have been sug-
gested to disrupt CSF distribution and cause PTH [8, 32]. 
Also, the probability of the adhesions was estimated to 
increase with potential foreign body reactions to artificial 
biomaterials used during duraplasty and cranioplasty [1]. 
These conditions raise the question of whether the use of 
artificial grafts increases the possibility of PTH develop-
ment. To the best of our knowledge, the present study is 
the first to report the effects of cranioplasty and duraplasty 
materials on PTH development. Interestingly, we found no 
association between cranioplasty/duraplasty materials and 
PTH development.

Typically, the interval for early cranioplasty has been 
determined to be 3  months [19, 29]. However, some 
recent reports suggest that this limit should be modified 
to a shorter interval [24, 41]. In a study by Yang et al. 
[41], serial CT after TBI revealed that the radiologically 
earliest possible cranioplasty timing is within 2 months 
(34.6 ± 34.3 days) after DC. Kim et al. [24] investigated 
bone flap resorption and infection to determine the opti-
mal cranioplasty timing and minimize complications using 
ROC curve analyses. They showed that early cranioplasty 
(< 45  days) was associated with a reduced complica-
tion rate [24]. In the present study, ROC curve analyses 
revealed that cranioplasty timing of ≤ 61 days after DC 
was associated with a lower rate of PTH development. 
Hence, the 2-month period was selected as the early crani-
oplasty limit.

This study has certain limitations. Several patients in the 
cohort were excluded because they did not comply with the 
study criteria; therefore, the exact rate of PTH development 
may be underrated. External validity (generalization) is 
problematic in the present study because despite the strong 
statistical result (p < 0.001), the sample size is not that large 
enough. Moreover, several factors that may affect PTH were 
possibly not included in the study owing to its retrospective 
nature. Therefore, prospective, multicenter studies may pro-
vide more precise conclusions.

Conclusions

According to the results of our study, early cranial recon-
struction performed within 2 months after DC was associ-
ated with a lower rate of PTH. Besides, PTH was found to 
be associated with higher rates of unfavorable functional 
outcomes at 1-year follow-up. Early cranioplasty within 
2 months may be recommended after DC to achieve favora-
ble functional outcomes.
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