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Introduction

Decompressive craniectomy (DC) is performed when 
there is no response to primary medication therapy in the 
increased intracranial pressure (IICP) state.2,5,8) However, 
various complications can occur after DC; one such compli-

cation, subdural hygroma (SDG), can be observed in 6% to 
21% of patients.24,25) Generally, the SDG that occurs after 
DC improves naturally.1) However, 6% to 32% of SDG can 
be converted to a chronic subdural hematoma (SDH);4) de-
pending on its degree, surgical treatment such as burr hole 
trephination may be required.1)

There are many studies regarding the risk factors of SDG, 
including injury mechanism (such as motor vehicle accident, 
fall down injury, blow to head, etc.), Glasgow Coma Scale 
(GCS) at admission, preoperative midline shifting, accom-
panying subarachnoid hemorrhage (SAH), compression of 
basal cistern, and bone flap size of DC. There is no clear con-
sensus in the papers published so far.10,26)

Therefore, the aim of this study was to discover the risk 
factors and related prognosis of SDG from DC patients.
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Materials and Methods

This study is a retrospective review based on a database 
of patients treated in a single institution from January 2016 
to December 2016. A total of 59 patients who underwent DC 
for IICP management were included in this study. We set the 
independent variables as follows: 1) patient characteristics 
including gender, age, history, and etiology, etc.; in addition, 
patients who received DC due to non-traumatic brain injury 
(TBI), such as spontaneous cerebral hemorrhage or cere-
bral infarction were classified in the disease group; 2) preop-
erative computed tomography (CT) diagnoses such as epidur-
al hemorrhage (EDH), SDH, SAH, intracerebral hemorrhage 
(ICH), intraventricular hemorrhage (IVH), without distinc-
tion between trauma and non-trauma; 3) preoperative CT 
finding such as basal cistern compression, cortical opening. 
And the cortical opening is defined as the SAH of the cortex 
and the ICH are in the same region; 4) operation parameters 
such as hemilaminectomy, duroplasty, bone flap size (Figure 
1), distance of craniectomy margin from midline, extraven-
tricular drainage; 5) prognostic value such as final Glasgow 
Outcome Scale (GOS) and length of hospital stay (HD). 
The dependent variables of this study are the event of post-
operative SDG (Table 1). SDG was diagnosed if there was 
fluid collection in the subdural space on the CT scan from 
the immediate postoperative day to the last follow up day, 
even if there was no neurological change or mass effect.

Data are expressed according to the properties of the vari-
able. Continuous variables are presented as mean and stan-
dard deviation. Categorical variables are presented as fre-
quency and percentage. In order to compare the two groups, 

we performed the two-sample t-test or χ2 test (Fisher’s ex-
act test) as appropriate. Logistic regression analysis was 
used to identify the factors to predict SDG and the results 
were expressed as odds ratio (OR) with 95% confidence in-
terval (CI). A p-value less than 0.05 was considered statis-
tically significant and all statistical analyses were conduct-
ed using SPSS version 24 (IBM Corp., Armonk, NY, USA).

Results

The overall SDG rate after DC was 39% (23 patients) 
(Figure 2). There were 42 males and 17 females who under-
went DC. The mean age of the patients was 57.8 years. The 
patients’ age and gender were not significantly different be-
tween the SDG group and the non-SDG group. There was 
also no significant difference between the SDG group and 
the non-SDG group in terms of the patient’s past history such 
as hypertension, diabetes mellitus, and bleeding tendency 
due to liver disease, using antiplatelet agent, and preopera-
tive coagulopathy. Moreover, preoperative GCS showed no 
significant difference between SDG and non-SDG groups. 
In studying the etiology of brain injury, the incidence of SDG 
was higher in patients who underwent DC for TBI than in 
patients who received DC for disease (cerebral infarction, 
spontaneous brain hemorrhage, etc.) (p=0.018). Preoperative 
diagnosis showed a statistically significant higher incidence 
of postoperative SDG in patients with SDH (p=0.018) and 
SAH (p=0.020). Preoperative CT findings showed a statis-
tically significant higher incidence of postoperative SDG in 
patients with cortical opening (p=0.007). However, there 
was no significant difference between the SDG and non-

FIGURE 1. (A, B) The skull anteropos-
terior/lateral images. (B) Bone flap size 
measure: largest transverse diameter 
(D) × vertical diameter perpendicular to 
D (d) × π /4. m: craniectomy margin from 
midline.
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SDG groups in the operative parameters (Table 1).
Under logistic regression between the preoperative diag-

nosis and the occurrence of SDG, there was a statistical as-
sociation with SDH (OR, 4.99; 95% CI, 1.36-18.34) and SAH 
(OR, 4.18; 95% CI, 1.07-16.32). The other diagnoses such as 
EDH, ICH, IVH, and cortical hemorrhage were not related 
to occurrence of SDG after DC (Table 2).

Also, under logistic regression between the pre/postoper-
ative risk factors and the occurrence of SDG, there was a 
statistical association with preoperative cortical opening 
(OR, 4.77; 95% CI, 1.39-16.32) and preoperative TBI (OR, 
4.91; 95% CI, 1.35-17.91). The other pre/postoperative risk 
factors were not related to occurrence of SDG after DC. That 
is, the incidence of SDG was higher when DC was per-
formed with TBI or when there was an accompanying pre-
operative cortical opening (Table 3).

The GOS was compared between the SDG and non-SDG 
groups. Good prognosis (GOS 1-3) was observed in 10 pa-
tients (SDG) and 16 patients (non-SDG), and poor prognosis 
(GOS 4-5) in 13 patients (SDG) and 20 patients (non-SDG). 
There was no statistically significant difference in GOS 
score between the two groups (p=0.578). However, HD was 
significantly higher in the SDG group than in the non-SDG 
group (78.3 days vs. 47.9 days) (p=0.012) (Table 4).

Discussion

DC is performed when there is no response to primary 
medication therapy in the IICP state.2,5,8) Several complica-
tions have been reported after DC for IICP management. 
Postoperative hemorrhage, brain herniation through crani-
ectomy defect, post traumatic epilepsy, intracranial infec-

TABLE 1. Univariated analysis of patient characteristics and subdural hygroma occurrence

Total (n=59) SDG (n=23) Non-SDG (n=36) p-value
Demographic features

Gender (male) 42 (71.2%) 14 (60.9%) 28 (77.8%) 0.162
Age 57.83±16.0 58.83±17.7 57.19±15.1 0.706
History

HTN 19 (32.2%) 7 (30.4%) 12 (33.3%) 0.816
DM 8 (13.6%) 6 (26.1%) 2 (5.6%) 0.464*
Bleeding tendency‡ 18 (30.5%) 6 (26.1%) 12 (33.3%) 0.555

Etiology
Disease§ 24 (40.7%) 5 (21.7%) 19 (52.8%) 0.018†

TBI 35 (59.3%) 18 (78.3%) 17 (47.2%)

Preoperative GCS 7.6±3.33 8.3±4.39 0.473
Preoperative diagnosis§

SDH 35 (59.3%) 18 (78.3%) 17 (47.2%) 0.018†

EDH 5 (8.5%) 2 (8.7%) 3 (8.3%) 1.000*
SAH 38 (64.4%) 19 (82.6%) 19 (52.8%) 0.020†

ICH 35 (59.3%) 16 (69.6%) 19 (52.8%) 0.200
IVH 16 (27.1%) 7 (30.4%) 9 (25.0%) 0.647
Cortical hemorrhage 18 (30.5%) 9 (39.1%) 9 (25.0%) 0.250

Preoperative CT finding
Basal cistern compression 39 (66.1%) 14 (60.9%) 25 (69.4%) 0.497
Cortical opening 21 (35.6%) 13 (56.5%) 8 (22.2%) 0.007†

Operative parameters
Hemicraniectomy 57 (96.6%) 22 (95.7%) 35 (97.2%) 1.000*
Duroplasty 55 (93.2%) 22 (95.7%) 33 (91.7%) 1.000*
Bone flap size (cm2)ǁ 217.9±65.8 233.4±56.8 207.4±70.1 0.145
Craniectomy margin from midline (mm) 23.5±8.6 23.8±9.6 23.1±7.0 0.793
EVD insertion 17 (28.8%) 5 (21.7%) 12 (33.3%) 0.338

The data is presented as mean±standard deviation or number (%). *Fisher’s exact test, †statistical significance based on two-
sample t-test or χ2 test, ‡preoperative liver disease, antiplatelet medication, coagulopathy history, §disease: non-TBI, ǁbone 
flap size: calculated by Figure 2. SDG: subdural hygroma, HTN: hypertension, DM: diabetes mellitus, TBI: traumatic brain inju-
ry, GCS: Glasgow Coma Scale, SDH: subdural hematoma, EDH: epidural hemorrhage, SAH: subarachnoid hemorrhage (in-
cluding traumatic SAH and spontaneous SAH), ICH: intracerebral hemorrhage, IVH: intraventricular hemorrhage, CT: com-
puted tomography, EVD: external ventricular drainage 
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TABLE 2. Logistic regression to calculate odds ratio for subdural hygroma occurrence after decompressive craniectomy in preop-
erative diagnosis

Crude OR (95% CI) Adjusted OR* (95% CI) Adjusted OR† (95% CI)

SDH 4.02 (1.23-13.19) 4.76 (1.35-16.74) 4.99 (1.36-18.34)

SAH 4.25 (1.20-15.00) 3.82 (1.04-14.08) 4.18 (1.07-16.32)

ICH 2.05 (0.67-6.16) 1.96 (0.63-6.14) 2.07 (0.64-6.64)

IVH 1.31 (0.41-4.21) 1.36 (0.41-4.51) 1.38 (0.41-4.68)

EDH 1.05 (0.16-6.80) 1.46 (0.21-10.18) 1.62 (0.22-11.96)

Cortical hemorrhage 1.93 (0.63-5.95) 2.03 (0.60-6.88) 1.97 (0.57-6.85)

*Adjusted for age and gender, †adjusted for age, gender, midline shifting, and bleeding tendency. OR: odds ratio, CI: confi-
dence interval, SDH: subdural hematoma, SAH: subarachnoid hemorrhage, ICH: intracerebral hemorrhage, IVH: intraven-
tricular hemorrhage, EDH: epidural hemorrhage

TABLE 3. Logistic regression to calculate odds ratio for subdural hygroma occurrence after decompressive craniectomy in pre- and 
postoperative risk factors

Crude OR (95% CI) Adjusted OR* (95% CI) Adjusted OR† (95% CI)

Craniectomy margin from midline 0.99 (0.93-1.06) 0.99 (0.93-1.06) 0.99 (0.93-1.06)

Bone flap size 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.01 (0.99-1.02)

Cortical opening 4.55 (1.46-14.21) 4.86 (1.43-16.51) 4.77 (1.39-16.32)

Duroplasty 2.00 (0.20-20.49) 2.07 (0.19-2.44) 2.14 (0.20-23.43)

EVD insertion 0.56 (0.17-1.86) 0.61 (0.18-2.11) 0.66 (0.18-2.41)

Basal cistern compression 0.68 (0.23-2.05) 0.59 (0.19-1.83) 0.59 (0.19-1.88)

Traumatic brain injury 4.02 (1.23-13.19) 4.74 (1.35-16.68) 4.91 (1.35-17.91)

*Adjusted for age and gender, †adjusted for age, gender, midline shifting, and bleeding tendency. EVD: external ventricular 
drainage, OR: odds ratio, CI: confidence interval

FIGURE 2. The computed tomography 
(CT) images of a 19-year-old female 
having fall down injury. (A) Traumatic 
subarachnoid hemorrhage on all cistern 
and basal cistern compression was 
noted. (B) Immediately after postopera-
tive CT, bilateral decompressive crani-
ectomy was performed. (C) Postopera-
tive day 3, minimal subdural hygroma 
(SDG) was seen. (D) Postoperative day 
15, there is a definite increase of SDG.
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tion, cerebrospinal fluid (CSF) leak, hydrocephalus (HDC), 
trephined syndrome, SDG, etc. may occur.25)

Among these possible complications, SDG, which was 
first reported by Mayo in 1894, is defined as the accumula-
tion of CSF in the subdural space due to rupture of the arach-
noid membrane after headinjury.15) The incidence of SDG 
has been reported to vary from 4% to 15% in patients with-
out DC and from 6% to 21% in patients who underwent 
DC.24,25)

There are several theories for the development of SDG, in-
cluding traumatic shearing stress. In electron microscopy 
studies by Hanies et al.6) and Schachenmayr and Friede19), 
there is no dead space between the dura and arachnoid lay-
er. The dural border cell layer is vulnerable to physical stress 
due to the fewer collagen fibers and grabbing cellular ele-
ments through amorphous materials, compared with peri-
osteal and meningeal dura, which have many collagen fibers 
that hold cellular structure.7,19) Although the subarachnoid 
space is protected by a desmosome, a tight junction, and a 
gap junction that form the trabeculae of the arachnoid bar-
rier layer, this structure is susceptible to damage by shearing 
stress.6,19) The damaged arachnoid membrane produces a 
CSF flow with a one-way valve, and this ICP gradient be-
tween the cerebral hemispheres results in SDG.18)

The second theory is the occurrence of SDG by iatrogen-
ic surgical disruption. Along with DC, most of the patients 
underwent duroplasty, resulting in the extension of the arach-
noid-dura layer. Aarabi et al.1) reported that more than 90% 
of SDG occurred after DC, which occurred in the craniecto-
my site; however, the incidence of SDG in brain injury pa-
tients without DC showed different results. Koizumi et al.11) 
reported that SDG showed a similar ratio on both sides; St 
John and Dila20) reported that 32 of the 63 cases reported 
were bilateral, 12 cases were on the right, and 19 cases were 
on the left. Considering these reports, it can be deduced that 
iatrogenic disruption will affect the occurrence of SDG. 
Moreover, there are other hypotheses involving arachnoid 
rupture, arachnoid flap, blood brain barrier failure, and 
brain atrophy.14,20)

Generally, SDG occurrence peaks at 3 to 4 weeks after DC, 
and spontaneously decreases at 14 to 17 weeks.1) However, 

in some cases, neurological symptoms are worsened due to 
an increase in SDG size, and surgical intervention may be 
necessary.9)

Additionally, SDG can be converted to chronic SDH; most 
SDGs exhibit xantho-chromic, containing high red blood 
cells and proteins,3,12,13,16,17,21-23) as a result, inflammation of 
the subdural space, neo-membrane formation, and fragile 
and leaky capillaries were made.4,16,17) This maturation of the 
SDG membrane and the fragile and leaky capillaries around 
the stretched parasagittal sinus are vulnerable to internal 
bleeding, resulting in the conversion of benign SDG to chron-
ic SDH.4,12,15) Approximately 6% to 32% of SDG changes 
to chronic SDH;4) if the size increases and midline shifting 
progresses, surgical treatment may be required.1)

For this reason, many studies have been conducted on 
the risk factors of SDG. Midline shifting (＞5 mm), accom-
panied by HDC, basal cistern compression, arachnoid tear-
ing, and SAH are among the risk factors of SDG reported 
in various studies.10,26)

Jeon et al.10) reported that midline shifting (＞5 mm), SAH, 
delayed HDC, basal cistern compression, and arachnoid 
membrane tearing were risk factors for SDG after DC. How-
ever, according to a study by Yuan et al.26), the risk factors 
for each of the patients with SDG without DC, those with 
DC on one side, those with DC on the opposite side, and the 
patients with DC on both sides, were different. In the case 
of unilateral DC, temporal hematoma, contusion and trau-
matic SAH on the non-DC side were related to the incidence 
of SDG on the operated side. Also, frontal hematoma, fron-
tal contusion, and SDH in the contralateral side of DC in-
creased the risk of SDG on the operated side. And hemor-
rhage of basal cistern increased SDG incidence in the DC 
group. The results indicate that the risk factors are different 
for those cases in which DC is not performed, unilateral DC 
or bilateral DC are performed. They also argue that arach-
noid tearing is a risk factor for SDG.26)

In our study, the incidence of SDG after DC was statisti-
cally significantly associated with preoperative SDH or SAH, 
and patients with TBI compared with the disease group. 
Those patients with cortical opening in preoperative CT had 
a statistically significant association with the incidence of 

TABLE 4. Univariated analysis of subdural hygroma occurrence according to outcome and hospital day

Total (n=59) SDG (n=23) Non-SDG (n=36) p-value
Outcome 0.578
Good prognosis (GOS 1-3) 26 (44.1%) 10 (43.5%) 16 (44.4%)

Poor prognosis (GOS 4-5) 33 (55.9%) 13 (56.5%) 20 (55.6%)

Hospital day 78.3±47.4 47.9±41.4 0.012*

*Statistical significance based on two-sample t-test or χ2 test. GOS: Glasgow Outcome Scale, SDG: subdural hygroma
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SDG after DC. In addition, although the occurrence of SDG 
affects the patients’ length of hospital stay, it does not have 
a significant effect on the prognosis of the patient.

Although SDG occurrence is not related to the prognosis 
of the patients who underwent DC, the complication devel-
opment, such as chronic SDH, may be related. Therefore, it 
is necessary to further study a larger sample size for the risk 
factors of SDG.

This study is limited to a small number of patients in a sin-
gle institution, and it is difficult to know the results in long 
term follow up. Moreover, there is a limitation in collecting 
the data retrospectively. 

However, unlike other studies, we did not only investigate 
the risk factors of SDG in TBI patients but also investigat-
ed the risk factors for the occurrence of SDG in all patients 
who underwent DC due to IICP. Our study has significant 
implications for the overall prognosis of patients consider-
ing the length of hospital stay.

Conclusion

Preoperative SDH, SAH, cortical opening, and TBI seem 
to be associated with factors that increase the risk of SDG 
after DC for IICP management. Although the occurrence 
of SDG does not have a great effect on the prognosis of the 
patient, it is related to the increase of the patient’s length of 
hospital stay, and in some cases, complications such as chron-
ic SDH occur. The above mentioned risk factors in brain 
injury patients should be considered when performing pre-
operative evaluation.

■ The authors have no financial conflicts of interest. 
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