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MATERIALS AND METHODS

This retrospective study, by review of medical records, was 
performed on 191 patients who had received DC treatment at 
our hospital due to trauma-related acute intracranial hyperten-
sion from 2007 to 2014. The procedures for this study were ap-
proved by the Institutional Review Board of our hospital. 
Among the 191 patients, the present study was conducted on 92 
participants, as they fulfilled the following inclusion criteria : 
they had survived beyond 3 months, follow-up observations 
were possible, and they had a minimum of four computerized 
tomography (CT) scan results. Unilateral DC involved wide re-
moval of the skull, keeping a distance of approximately 3 cm 
from the midline, and passing over the frontoparietal cranium. 
Then, duraplasty was performed. Unilateral DC was performed 
on 83 patients, while 9 patients underwent bilateral DC proce-

INTRODUCTION

Decompressive craniectomy (DC) has been widely used for 
the treatment of intractable intracranial hypertension for a pro-
longed period2). The occurrence of hydrocephalus and subdural 
hygroma (SDG) after DC for severely injured trauma patients is 
relatively common1,5,7,13-15,18,29). However, the mechanism by 
which these occur is still unclear. We have previously investigat-
ed the risk factors of hydrocephalus after DC for severely in-
jured trauma patients in a small case series and found that de-
layed cranioplasty was statistically related to hydrocephalus4). 
The aim of this study was to assess the incidence and risk fac-
tors for post-traumatic hydrocephalus (PTH) and SDG follow-
ing DC with larger sample. An additional aspect of the study 
focused on the relationship between the type of SDG and hy-
drocephalus after DC.
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tation and transependymal edema on CT, indications of clinical 
deterioration or no improvement over time, and clinical im-
provements seen after ventriculoperitoneal shunting. During 
ventriculoperitoneal shunting, valves with pressure control de-
vices were used. In addition to these factors, the initial Glasgow 
coma scale (GCS) score, time interval from craniectomy to cra-
nioplasty, presence of intraventricular hemorrhaging, disap-
pearance of basal cistern, traumatic intracerebral hemorrhage 
and subdural hemorrhage, and the cortical opening for hema-
toma removal were also analyzed. The amount of subdural 
hemorrhage was calculated the ABC/2 technique; as follows : A, 
the linear distance between each corner of the subdural cres-
cent; B, the maximum thickness of the hematoma; and C, the 
product of the number of slices on which the hematoma was 
visible and the slice thickness on CT10). 

All statistical analyses were performed using the software 
package SAS Enterprise Guide 5.1 (SAS Institute Inc., Cary, NC, 
USA) with a baseline p value <0.05 for statistical significance.

RESULTS

The baseline demographics and clinical characteristics of the 
92 patients who had received DC are shown in Table 1. Patients 

dures. Of the patients with bilateral DC, 6 patients received bi-
lateral DC separately and 3 patients underwent a single proce-
dure. The craniectomy distance from the midline was calculated 
by the post-operative skull antero-posterior (AP) view. We con-
firmed that skull AP radiography was magnified about 123% 
through the use of a real 3 cm marker at the vertex, which was 
verified by its comparison on the reconstructive 3D CT (Fig. 1). 
The DC size was checked by the post-operative ipsilateral skull 
lateral view. We estimated the 2D area of the bone flap as fol-
lows : area=largest AP diameter (D)×diameter perpendicular to 
D (d)×π/48). Cases of traumatic subarachnoid hemorrhage were 
classified based on their thicknesses : ≥5 mm within the cistern 
perpendicular to the CT cross section or <5 mm.11) Mid-line 
shifting was considered positive when 5 mm were excessed on 
the CT scan17). The presence of SDG was noted if a hypodense 
mass with a thickness >5 mm was observed on the CT scan. 
When SDG was noted, it was further classified as ipsilateral, 
contralateral, or interhemispheric, based on where the craniec-
tomy was performed (Fig. 2). In bilateral DC cases, the contra-
lateral type of SDG was not possible. Post-traumatic ventriculo-
megaly was defined as a frontal horn index ≥0.4 or modified 
frontal horn index ≥0.3316,27). The determination of hydroceph-
alus was based on the following : indications of ventricular dila-

Fig. 1. Skull AP (A), lateral (B), and 3D 
CT reconstruction (C : from above, D : 
from lateral) with real 3 cm marker after 
decompressive craniectomy. Distance 
from midline of skull AP (i) is 123% larg-
er than the true distance on the 3D CT 
(I), as shown through a compared with a 
real 3 cm marker (white arrow). Largest 
AP diameter (D), distance perpendicular 
to D (d). AP : antero-posterior. 
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included 68 males and 24 females with an average age of 52.84± 
17.20 years. The distribution of mild (GCS 9–15), moderate 
(GCS 6–8), and severe (GCS 3–5) impairment of the initial state 
were 43.48% (40/92), 30.43% (28/92), and 26.09% (24/92), re-
spectively. Cases which needed arachnoid dissection or cortical 
opening for removal of hemorrhage during DC constituted 
41.30% (38/92). Post-DC cranioplasty was performed in 84.78% 
(78/92), and the time interval between the procedures was 81.05± 
56.80 days. Cases with a subarachnoid hemorrhage thickness ≥5 
mm were 16.30% (15/92) and cases accompanied by an intraven-
tricular hemorrhage were 15.22% (14/92). Cases with acute sub-
dural hemorrhage and intracerebral hemorrhage were 84.78% 
(78/92) and 29.35% (27/92), respectively. Disappearance of the 
basal cistern was seen in 58.70% (54/92), and 75% (69/92) showed 
shifting of the midline ≥5 mm. Cases of SDG were observed in 
55.43% (51/92). Among those, ipsilateral, contralateral, and in-
terhemispheric SDG were 46.74% (43/92), 16.30% (15/92), and 
7.61% (7/92), respectively. Twelve patients have SDG in two or 
more locations. Ipsilateral and contralateral SDG was the most 
common pairing, accounting for 58% (7/12) of the double SDG 
instances.

Risk factors for post traumatic hydrocephalus after 
decompressive craniectomy

The incidence of post-DC hydrocephalus was 26.09% (24/92) 
and the mean age of the group with hydrocephalus was 53.25± 
18.26 years, occurring in 19 males and 5 females. The mean age 
for the group without hydrocephalus was 52.69±16.95 years, 
and included 49 males and 19 females. In hydrocephalus group, 

the mean largest AP diameter (D) of the bone flap was 146.81± 
16.97 mm, which is significantly statistically different than that 
of the non-hydrocephalus group, where D was 134.21±18.25 
mm (p=0.0012). The mean distance of the perpendicular diam-
eter to D (d) in the hydrocephalus group was 98.26±6.02 mm, 
which is also statistically significantly larger than the non-hy-
drocephalus group’s value of 91.76±8.76 mm (p=0.0015). The 
large bone flap size was found to be closely associated with hy-
drocephalus (p=0.0008) and an intraventricular hemorrhage 
was more frequently observed in the hydrocephalus group than 
in the non-hydrocephalus group (p=0.0076). The bilateral cra-
niectomy group exhibited a statistical relationship with hydro-
cephalus (p=0.0468), and the removal of hematoma through 
the cortex was associated with hydrocephalus (p=0.0488). The 
time between DC and cranioplasty in the hydrocephalic group 
was 113.81±74.27 days, whereas it was 68.98±43.76 days in the 
non-hydrocephalic group, which is statistically significantly dif-
ferent (p=0.016). Other factors including gender, initial GCS 
score, craniectomy distance from mid-line, disappearance of 
the basal cistern, shifting of the midline and traumatic sub-
arachnoid hemorrhage, subdural hemorrhage, and intracere-
bral hemorrhage did not show any statistically significant dif-
ferences related to the occurrence of hydrocephalus. The overall 
SDG did not show relation to hydrocephalus. However, accord-
ing to specific type of SDG, contralateral SDG showed hydro-
cephalus in 60.0% (9/15), but non-contralateral SDG or no-
SDG showed hydrocephalus in 19.48% (15/77) (p=0.0025). 
Interhemispheric SDG also showed hydrocephalus in 85.71% 
(6/7), but non-interhemispheric SDG or no-SDG showed hy-

Fig. 2. Computerized tomography (CT) findings of a patient after decompressive craniectomy. A : CT at 12 days after decompressive craniectomy 
showing contralateral and ipsilateral subdural hygroma. B : CT at 55 days after decompressive craniectomy showed venetriculomagaly and a ventri-
culo-peritoneal shunt was placed after. C : CT at 28 days after decompressive craniectomy showing interhemispheric subdural hygroma. D : Patient 
required a ventriculo-peritoneal shunt due to hydrocephalus.
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Table 1. Summary of characteristics in 92 patients without or with hydrocephalus following decompressive craniectomy for severe head injury

W/O Hydrocephalus (n=68) W/Hydrocephalus (n=24) p value
Age, years (n=92)

Mean (SD) 52.69 (16.95) 53.25 (18.26) 0.7827
Gender (n=92)

Male 49 (72.06) 19 (27.94) 0.4954
Female 19 (79.17) 5 (20.83)

Craniectomy margin from midline (n=88)*
≤25 mm 20 (86.96) 3 (13.04) 0.0963
>25 mm 45 (69.23) 20 (30.77)

Bone flap, mm (D) (n=88)*
Mean (SD) 134.21 (18.25) 146.81 (16.97) 0.0012

Bone flap, mm (d) (n=88)*
Mean (SD) 91.76 (8.76) 98.26 (6.02) 0.0015

Area of the bone flap, cm2 (n=88)*
Mean (SD) 97.42 (20.26) 113.79 (18.49) 0.0008

Ectomy site (n=92)
Unilateral 64 (77.11) 19 (22.89) 0.0486 
Bilateral 4 (44.44) 5 (55.56)

Glasgow coma scale (n=92)
>8 29 (72.50) 11 (27.50) 0.4320 
6–8 19 (67.86) 9 (32.14)
3–5 20 (83.33) 4 (16.67)

Subarachnoid hemorrhage (n=92)
No 59 (76.62) 18 (23.38) 0.2056 
Yes 9 (60.00) 6 (40.00)

Intraventricular hemorrhage (n=92)
No 62 (79.49) 16 (20.51) 0.0076 
Yes 6 (42.86) 8 (57.14)

Mid-line shift (>5 mm) (n=92)
No 14 (60.87) 9 (39.13) 0.1000 
Yes 54 (78.26) 15 (21.74)

Cistern compression (n=92)
No 27 (71.05) 11 (28.95) 0.6002 
Yes 41 (75.93) 13 (24.07)

Cortical opening (n=92)
No 44 (81.48) 10 (18.52) 0.0488 
Yes 24 (63.16) 14 (36.84)

Subdural hygroma (n=92)
No 34 (82.93) 7 (17.07) 0.0775
Yes 34 (66.67) 17 (33.33)

Ipsilateral
No 37 (75.51) 12 (24.49) 0.7096
Yes 31 (72.09) 12 (27.91)

Contralateral
No 62 (80.52) 15 (19.48) 0.0025
Yes 6 (40.00) 9 (60.00)

Interhemispheric
No 67 (78.82) 18 (21.18) 0.0011
Yes 1 (14.29) 6 (85.71)
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Table 1. Summary of characteristics in 92 patients without or with hydrocephalus following decompressive craniectomy for severe head injury (continued)

W/O Hydrocephalus (n=68) W/Hydrocephalus (n=24) p value
Subdural hemorrhage (n=92)

No 10 (71.43) 4 (28.57) 0.7537
Yes 58 (74.36) 20 (25.64)

SDH, m3 (n=78)
Mean (SD) 96.83 (63.42) 72.96 (58.68) 0.1295

Intracerebral hemorrhage (n=92)
No 49 (75.38) 16 (24.62) 0.618
Yes 19 (70.37) 8 (29.63)

ICH, m3 (n=27)
Mean (SD) 36.37 (23.32) 37.31 (21.22) 0.9365

SDH or ICH (n=92)
No 1 (50.00) 1 (50.00) 0.4558
Yes 67 (74.44) 23 (25.56)

SDH+ICH, m3 (n=90)
Mean (SD) 94.13 (63.63) 76.42 (62.09) 0.1681

Plasty operation (n=92)
No 11 (78.57) 3 (21.43) >0.9999
Yes 57 (73.08) 21 (26.92)

Plasty op interval, days (n=78)
Mean (SD) 68.98 (43.76) 113.81 (74.27) 0.0016

Values are numbers (percentages) for categorical variables and means (SD), median (range) others. p values were calculated using the chi-square test or the Wilcoxon rank sum 
test. *Missing data were excluded from the analyses. D : largest AP diameter, d : diameter perpendicular to D, SDH : subdural hemorrhage, ICH : intracerebral hemorrhage

Table 2. Univariable and multivariable logistic regression analyses (prediction of hydrocephalus)

Odds ratio p value Adjust odds ratio p value

Area of the bone flap, m2 (n=88)*
≤104.44† 1 1
>104.44 6.57 (2.16–20.02) 0.0009 4.66 (1.23–17.71) 0.0239

Ectomy site (n=92)
Unilateral 1 1
Bilateral 4.21 (1.03–17.26) 0.0458 1.71 (0.27–10.66) 0.5654

Intraventricular hemorrhage (n=92)
No 1 1
Yes 5.17 (1.57–17.03) 0.007 4.61 (0.99–21.57) 0.0521

Subdural hygroma (n=92)
No 1
Yes 2.43 (0.89–6.60) 0.0821

Ipsilateral
No 1
Yes 1.19 (0.47) 0.7097

Contralateral
No 1 1
Yes 6.20 (1.91–20.11) 0.0024 6.62 (1.56–28.13) 0.0105

Interhemispheric
No 1 1
Yes 22.33 (2.52–197.48) 0.0052 8.64 (0.72–103.42) 0.0886

Variables with p≤0.05 in univariate logistic regression were include in the multivariable logistic regression (exclude subgroup variable). *Missing data were excluded 
from the analyses, †Optimal cut off values were estimated by receiver operating characteristic curve analysis
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drocephalus in 21.18% (18/85) (p=0.0011) (Table 1). In the uni-
variate analyses, hydrocephalus was statically associated with 
the large bone flap diameter, large craniectomy area, bilateral 
craniectomy, intraventricular hemorrhage, contralateral or in-
terhemisheric SDGs, and delayed cranioplasty. In the multivari-
ate analysis, only the large craniectomy area (adjusted OR=4.66; 
p=0.0239) and contralateral SDG (adjusted OR=6.62; p=0.0105) 
were significant independent risk factors for developing hydro-
cephalus after DC (Table 2).

Risk factors for subdural hygroma after decompressive 
craniectomy

The incidence of overall SDG after a DC was 55.43% (51/92). 
All of the factors that were analyzed, including gender, initial 
GCS score, craniectomy distance from the midline, bone flap 
size, bilateral craniectomy, removal of hematoma through the 
cortex, disappearance of the basal cistern, shifting of the mid-
line, traumatic subarachnoid hemorrhage, intraventricular 
hemorrhage, subdural hemorrhage, intracerebral hemorrhage, 
and cranioplasty interval did not show any statistically signifi-
cant differences related to the occurrence of SDG. The sub-
group analysis results were separated by SDG type. According 
to types of SDGs, all factors did not show any relation with the 
ipsilateral type. However, in the contralateral and interhemi-
spheric type, only hydrocephalus showed statistical significance 
in the multivariate analysis (OR=5.58, p=0.0074; OR=17.63, 
p=0.0113) (Table 3).

DISCUSSION

The incidence of PTH is reported as 0.7–29%, which varies 

widely based on the criteria by which hydrocephalus is deter-
mined3,21). Reports have indicated that hydrocephalus may be 
result of circulatory disturbances and the malabsorption of ce-
rebrospinal fluid (CSF) during the process of absorbing a hem-
orrhage from trauma, such as a spontaneous subarachnoid or 
intraventricular hemorrhage9). Although Rahme et al.24) report-
ed that DC is not an independent risk factor for PTH, many pa-
tients that underwent a DC showed an increased incidence rate 
of hydrocephalus, about 9.3–40%1,5,12,15,18,25,29). The reasons for 
this increased incidence of PTH in patients who received DC 
include trauma-related factors, in which patients that needed 
the DC might have suffered more severe injuries. Additionally, 
DC independently may induce circulatory disturbances of CSF 
and contribute to the development of hydrocephalus5,7,12,18,28,29). 
In the present study, the post-DC hydrocephalus incidence rate 
was 26.09% (24/92), and among the risk factors, large bone flap 
diameter, large DC area, bilateral craniectomy, intraventricular 
hemorrhage, delayed cranioplasty, and contralateral and inter-
hemisperic SDG showed significant relationships with the de-
velopment of hydrocephalus. This study is consistent with Choi 
et al.5) result that the bilateral craniectomy may promote PTH. 
Through the multivariate analysis, we additionally found that 
only a large craniectomy area and contralateral SDG were sig-
nificant independent risk factors for developing hydrocephalus 
after DC. Waziri et al.28) found that DC causes the weakening of 
the systolic-diastolic pulsatile intracranial pressure difference, 
and ultimately leads to permanent malabsorption of CSF by the 
arachnoid. We believe that the large craniectomy area and de-
layed cranioplasty may result in the prominent and prolonged 
weakening of the systolic-diastolic pulsatile intracranial pres-
sure difference, contributing to the hydrocephalus. Otherwise 

Table 3. Subgroup analysis stratified by subdural hygroma (contralateral type, interhemispheric type)

Subdural hygroma Non subdural hygroma Subdural hygroma Odds ratio p value Adjust odds ratio p value
Contralateral

Number of subjects, n 77 15
Bone flap, mm (d) (n=88)*

≤134.4† 38 (95.00) 2 (5.00) 1 1
>134.4 35 (72.92) 13 (27.08) 7.06 (1.49–33.51) 0.0140 1.46 (0.37–5.66) 0.5880 

Hydrocephalus (n=92)
No 62 (91.18) 6 (8.82) 1 1
Yes 15 (62.50) 9 (37.50) 6.20 (1.91–20.11) 0.0024 5.58 (1.59–19.61) 0.0074

Interhemispheric
Number of subjects, n 85 7
Ectomy site (n=92)

Unilateral 79 (95.18) 4 (4.82) 1 1
Bilateral 6 (66.67) 3 (33.33) 9.88 (1.78–54.69) 0.0087 5.87 (0.85–40.47) 0.0724

Hydrocephalus (n=92)
No 67 (98.53) 1 (1.47) 1 1
Yes 18 (75.00) 6 (25.00) 22.32 (2.52–197.42) 0.0052 17.63 (1.91–162.53) 0.0113

Variables with p≤0.05 in univariate logistic regression were include in the multivariable logistic regression. logistic regression : predicting contralateral, Interhemispheric. 
*Missing data were excluded from the analyses, †Optimal cut off values were estimated by receiver operating characteristic curve analysis. d : diameter perpendicular 
to largest AP diameter
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De Bonis et al.7) described that the patients with craniotomy 
whose superior limit was <25 mm from the midline had an in-
creased risk of developing hydrocephalus. If the DC margin is 
too close to the midline, this reduces the external force to the 
bridging vein and causes an increased venous outflow to the si-
nus. The increased extracellular fluid absorption results in the 
decreased volume of brain parenchyme and induces ventricular 
enlargement7). However, this study did not find a correlation 
between the craniectomy margin from the midline and hydro-
cephalus. Age, gender, GCS score, subarachnoid hemorrhage, 
disappearance of the basal cistern, shifting of the midline, and 
the amount of hematoma showed no statistical differences re-
garding the occurrence of hydrocephalus.

The incidence of traumatic SDG in patients not having had 
DC is known to be 4–22%20,22,23). After DC, the incidence is in-
creased, and is reportedly approximately 26–63%1,2,12,14,15,18,25,29). 
The occurrence of post-traumatic SDG is explained by a collec-
tion of CSF in the potential space between the dura mater and 
arachnoid by one-way valve action after traumatic injury20). The 
arachnoid membrane usually adheres densely to the sphenoid 
wing so arachnoid tearing is likely to occur at the Sylvian fissure 
or chiasmatic region6,22). Hemispheric SDG can develop in cases 
where the arachnoid tears at the Sylvian fissure and interhemi-
spheric SDG may results from a chiasmatic lesion. Reasons for 
the increase in SDG after DC are explained by a number of fac-
tors. First, DC is performed mostly on more severely injured pa-
tients so the traumatic rupture of dura-arachnoid interface and 
trabeculae occurs often than in the non-DC patients. Second, the 
DC itself causes additional injury to the dura-arachnoid inter-
face and increases the propensity of SDG. Kilincer et al.19) re-
ported a contralateral SDG after DC in a non-trauma-related 
patient. A large DC may cause a pressure gradient between the 
two hemispheres and contribute to the widening of the subdu-
ral space, resulting a SDG on the contralateral or interhemis-
peric side18,19). Finally, the ipsilateral temporary collection of 
CSF occurs passively in expanded collection spaces when a du-
roplasty is performed in conjunction with DC1,12,25,29). Regardless 
of those reasons, most SDG after DC disappear without much 
clinical significance1,2,25). However, in some cases, as the SDG 
gradually subsides, hydrocephalus slowly progresses1,2,12,15,18). In 
severe trauma patients, the mechanisms by which post-DC hy-
drocephalus and SDG occur are somewhat similar; they are 
thought to occur via the influence of both the initial trauma 
and the additional CSF circulatory disturbance after DC. There-
fore, a correlation between the incidence rates of the two com-
plications and risk factors may exist.18) Jeon et al.17) found that 
delayed hydrocephalus was more commonly seen in a SDG 
group (52.6%), but was only 10.4% in the group without SDG 
after DC. Su et al.26) reported that patients with contralateral 
SDG after DC should be kept under close surveillance due to 
the risk of developing PTH. However, Aarabi et al.1) reported 
that there was no correlation between post-DC SDG and hy-
drocephalus. In the present study, SDG was observed in 55.43% 

(51/92) of DC cases, with the majority of SDG of the simple ip-
silateral type (62.75%, 32/51), and it disappeared over time. 
However, according to type of SDGs, 71% (5/7) of interhemi-
spheric SDG and 60% (9/15) of contralateral SDG progressed 
into hydrocephalus. Unlike ipsilateral SDG that occurs in the 
space expanded simply by the craniectomy and duraplasty, in-
terhemispheric and contralateral SDGs may closely associate 
with a CSF-circulatory disturbance. The present study showed a 
statistically significant relationship between interhemispheric 
and contralateral SDGs and the occurrence of PTH after DC. In 
the situation of CSF-circulatory disturbance and the abrupt 
pressure difference between both hemispheres after DC, in ad-
dition to the arachnoid tearing which had already occurred, it 
could be easier to make interhemisheric or contralateral SDGs 
than ventriculomegaly during the early period. At this time, 
brain tissue stiffness due to the brain injury and an edema may 
be the reason for the transient SDGs rather than a ventriculo-
megaly. As time goes by, these localized interhemisheric or con-
tralateral SDGs can be easily converted to hydrocephalus.

This study has limitations, due to its retrospective nature and 
the small number of patients that were enrolled. Therefore, a 
prospective study with a large sample is needed to draw firm 
conclusions.

CONCLUSION

In patients subjected to a DC following a severe head trauma, 
hydrocephalus is associated with a large craniectomy area and 
contralateral SDG. For the types of SDG after DC that occur on 
the interhemispherical or contralateral side of the craniectomy, 
careful follow-up monitoring is necessary for potential progres-
sion into hydrocephalus.
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