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we explored the risk factors that contribute to formation of 
CSDH in patients with traumatic SDG.

MATERIALS AND METHODS

A total of 2950 patients were admitted to Hallym University 
Hospital for traumatic head injury between January 2004 and 
December 2013. Among them, we identified 89 patients by 
searching the final imaging analysis program reports (PiViewS-
TAR, INFINITT, Seoul, Korea) with keywords including ‘sub-
dural hygroma’ or ‘subdural fluid collection’ which developed 
within 3 months after trauma. Of these, patients with a hemo-
static disorder (n=5), acute subdural hemorrhage (n=10), exter-
nal hydrocephalus; defined as enlargement of subarachnoid or 
subdural space in the presence of ventriculomegaly or increased 
intracranial pressure (n=5), and SDG related to craniotomy, in-

INTRODUCTION

Traumatic subdural hygroma (SDG) is an accumulation of 
cerebrospinal fluid (CSF) in the subdural space that develops in 
4–6% of patients with a head injury17). Most SDGs are asymp-
tomatic with little mass effect, and do not require surgical inter-
vention at the time of diagnosis. However, studies have reported 
the subsequent formation of chronic subdural hematoma (CSDH) 
following traumatic SDG5,7,12,16,17,19,22,27). Since Yamada et al.27) 
first reported three cases of traumatic SDG complicated by CSDH 
in 1979, several studies have reported CSDH rates of 4–58% fol-
lowing traumatic SDG5,7,12,17,19). 

Despite the considerable rate of transition to CSDH in patients 
with traumatic SDG, the pathomechanism remains unclear. 
Furthermore, no study has investigated the risk factors for de-
veloping CSDH following traumatic SDG. In the present study, 
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fection, and other brain pathology (n=15) were excluded. To avoid 
confusion for the differential diagnosis of atrophic brain with a 
widened CSF space, SDG found at the time of initial brain im-
aging on admission was also excluded (n=9). Finally, we identi-
fied 45 patients with traumatic head injury in which traumatic 
SDG developed during the follow-up period. 

The diagnosis of traumatic SDG was based on radiological 
findings showing homogenous subdural fluid collection with 
low computed tomography (CT) density similar to that seen in 
CSF after trauma. Regular follow-up CT was performed every 
week or at the onset of symptom exacerbation. If newly devel-
oped SDG was found on follow-up CT, we recommended fur-
ther evaluation with magnetic resonance imaging (MRI). Pachy-
meningeal enhancement was defined as linear enhancement of 
dura mater on contrast-enhanced T1-weighted or Fluid-attenu-
ated inversion recovery (FLAIR) imaging. We performed surgical 
drainage using a relatively consistent methodology in symptom-
atic patients with newly developed CSDH. Surgical procedures 
consisted of a single burr hole followed by inserting a drainage 
catheter. 

Initial mental status was evaluated by Glasgow Coma Score 
(GCS), and the last functional outcome was assessed by the 
Glasgow Outcome Scale (GOS). All patients were divided into 
two groups based on the presence or absence of CSDH. We in-
vestigated the associations between CSDH development and in-
dependent variables, including demographic factors and radio-
logical findings. The chi-square or Fisher’s exact test was used to 
compare categorical variables, and Mann-Whitney U-test was 
used to compare continuous data. All statistical tests were per-
formed using the two-tailed methods. Independent variables 
with p-values<0.20 were included in binary logistic regression 
analysis to determine the factors affecting CSDH development. 

The correlation between significant factors and hemorrhage-
free survival was analyzed using the Kaplan-Meier method and 
the log-rank test. A p-value<0.05 was considered statistically sig-
nificant. All statistical analyses were done using IBM SPSS soft-
ware ver. 22.0 (IBM Inc., Armonk, NY, USA).

RESULTS

Table 1 shows the results of the risk factor analysis for the de-
velopment of CSDH. Mean patient age was 62.36±16.47 years 
(range, 10–84 years). The female to male ratio was 1 : 3.1. The 
most common clinical manifestations were headache (86.7%), 
followed by altered mental status after trauma (13.3%). Traffic 
accidents (50%) and falls (50%) were the main causes of head 
trauma. The mean GCS score at admission was 14.22±1.43 
(range, 8–15), and 39 of 45 patients (86.7%) scored ≥14. The 
most common associated injury was traumatic subarachnoid 
hemorrhage in 21 patients (46.7%), followed by cortical contu-
sion in 15 patients (33.3%). The mean follow-up period was 
143.1±130.8 days (range, 10–510 days). The mean GOS score at 
the time of the last follow-up visit was 4.82±0.44 (range, 3–5).

Transition from traumatic subdural hygroma to chronic 
subdural hematoma

The mean time for development of SDG from trauma was 
8.02±8.35 days (range, 1–40 days). Thirty-one patients suffered 
from bilateral SDG, and the remaining 14 patients had unilateral 
SDG. Regular follow-up CT scans were performed in all patients, 
including those with newly developed clinical deterioration. 
Follow-up CT scans revealed regression of SDG in 25 of 45 pa-
tients (55.6%), including 13 patients with bilateral SDG and 12 
patients with unilateral SDG (Fig. 1). The mean time for SDG re-

Table 1. Analysis of risk factors for the development of chronic subdural hematoma

Variables Patients with CSDH development (n=20) Patients without CSDH development (n=25) p-value
Age (years) 65.15±16.81 60.12±16.17 0.112
Sex 0.044*

Female (n=11 ) 02 09
Male (n=34 ) 18 16

Initial presentation 0.383
Headache (n=39) 16 23
Altered mentality (n=6) 4 02

Initial GCS 14.05±1.820 14.36±1.030 0.648
Associated SAH (n=21) 10 11 0.688
Associated cortical contusion (n=15) 05 10 0.289
Mode of trauma 0.38

Traffic accidents 13 13
Falls 7 12

Interval between trauma and SDG (days) 06.5±7.04 09.24±9.210 0.279
Bilaterality of SDG 0.006*

Unilateral (n=14) 02 12
Bilateral (n=31) 18 13

*p<0.05 is significant. CSDH : chronic subdural hematoma, GCS : glasgow coma scale, SAH : subarachnoid hemorrhage, SDG : subdural hygroma
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gression was 112.1 days (range, 10–365 days). 
The remaining 20 patients (44.4%) showed transition to CSDH 

during the follow-up period (Fig. 2). The mean time from SDG 
to development of CSDH was 48.35±23.8 days (range, 17–120 
days). Eight patients developed bilateral CSDH, and 12 patients 
developed unilateral CSDH. The most common clinical mani-

festations were headache (9 of 20), followed by hemiparesis (6 
of 20), and drowsiness (2 of 20). Three asymptomatic patients 
were treated conservatively due to the small amount of CSDH. 
The remaining 17 patients with symptomatic CSDH underwent 
surgical drainage. Final CT scans after surgery revealed com-
plete regression of CSDH in 15 of 17 patients. Recurrence of 

A B C
Fig. 1. Initial CT scan of 63 years old male shows hemorrhagic contusion at the left frontal and temporal lobe (arrow) (A). Follow-up contrast-en-
hanced T1-weighted MRI reveals newly developed subdural hygroma (arrow) at the right frontal lobe with minimal enhancement of pachymeninx (B) 
after 4 days from trauma. Follow-up MRI after 10 days from trauma showed regression of subdural hygroma (C). CT : computed tomography, MRI : 
magnetic resonance imaging.
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Fig. 2. Initial CT scan of 70 years old male shows traumatic subarachnoid hemorrhage at the right frontal lobe (A). Follow-up T2-weighted MRI dem-
onstrated newly developed subdural hygroma (arrow) at the both frontal lobe (B), and strong enhancement of pachymeninx (arrow) (C) on contrast-
enhanced fluid-attenuated inversion recovery imaging after 2 days from trauma. Subdural hygroma developed into chronic subdural hematoma (ar-
row) at the right hemisphere after 3 month (D). The amount of subdural hematoma decheased after surgical drainage (E). CT : computed tomography, 
MRI : magnetic resonance imaging.
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CSDH occurred in two patients on the same side and they un-
derwent a re-operation later.

Risk factor analysis for the development of chronic 
subdural hematoma

The clinical and radiological risk factors for the development 
of CSDH are presented in Table 1. The mean age of patients with 
CSDH development tended to be older than those without CSDH 
development (65.15 vs. 60.12 years, p=0.112). Female and male 
patients showed significantly different transition rates to CSDH 
(22.2% vs. 52.9%, p=0.044). However, the clinical presentation 
and initial GCS were not different between the two groups. Nei-
ther associated traumatic subarachnoid hemorrhage nor cortical 
contusion was related with the development of CSDH. Interval 
from trauma to SDG was not significantly different between pa-
tients with CSDH development and patients without CSDH de-
velopment (6.5 vs. 9.24 days, p=0.279). Patients with bilateral 
SDG transitioned to the CSDH more frequently than those with 
unilateral SDG (58.1% vs. 14.3%, p=0.006). The multivariate anal-
ysis revealed that male (OR, 7.68; 95% CI 1.18–49.78; p=0.033) 
and bilateral SDG (OR, 8.04; 95% CI 1.41–45.7; p=0.019) were 
significant risk factors for development of CSDH (Table 2). 
Hemorrhage-free survival rates were significantly lower in the 
male and bilateral SDG group (log-rank test; p=0.043 and 
p=0.013, respectively) (Fig. 3).

Magnetic resonance imaging findings in patients with 
subdural hygroma

Among the 45 patients with newly developed SDG, 15 (33%) 
were evaluated with MRI. Of them, nine patients (60%) showed 
diffuse symmetric pachymeningeal enhancement (Fig. 2), and 
the remaining six (40%) did not (Fig. 1). Of the nine patients with 
pachymeningeal enhancement on contrast-enhanced MRI, sev-
en (78%) developed CSDH during the follow-up period. CSDH 
did not develop in the six patients who did not show pachymen-
ingeal enhancement on MRI.

DISCUSSION

Many studies have described the development of SDG after 
traumatic brain injury and the transition to CSDH. However, no 
study has investigated risk factors for the development of CSDH 
following traumatic SDG. This is the first study to perform a sta-
tistical analysis to elucidate the risk factors associated with tran-
sition to CSDH. 

Several mechanisms have been suggested with regard to the 
development of SDG after traumatic brain injury. Traumatic sep-
aration of the dura-arachnoid interface at the dural border cell 
layer, and effusion from traumatized vessels can lead to fluid 
collection18,25). An arachnoid tear and CSF influx into the sub-
dural space through a flap valve mechanism has also been pro-
posed3,4,10).

The possible explanation for the fate of traumatic SDG wheth-
er it regresses or evolves into CSDH is unclear. Some authors 
have suggested that premorbid conditions, such as cerebral at-
rophy, which is more common in older patients, may contribute 
to the development of CSDH9,12,14). Our results are contrary with 
this hypothesis. Although patients with CSDH tended to be old-
er than those without CSDH, the difference was not significant. 

Table 2. Multivariate analysis of factors affecting the development of 
chronic subdural hematoma 

Variables OR 95% CI p-value
Age 1.03 0.98 to 1.07 0.245
Male 7.68 1.18 to 49.78 0.033*
Bilaterality of SDG 8.04 1.41 to 45.7 0.019*
*p<0.05 is significant. SDG : subdural hygroma

Fig. 3. Kaplan Meier survival analysis according to gender (A) and bilaterality (B) of subdural hygroma.
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Because we excluded patients who had a collection of subdural 
fluid at the time of initial brain imaging and only included pa-
tients with newly developed SDG, we avoided the difficulty dis-
tinguishing between traumatic SDG and premorbid cerebral at-
rophy.

Delayed resorption of the SDG and tearing of the elongated 
bridging veins results in hemorrhage into the subdural space. A 
neomembrane forms if SDG with a bleeding component per-
sists1,13,26). Bleeding in the SDG induces migration or prolifera-
tion of inflammatory cells derived from dural border cells, result-
ing in a layer of fibroblasts along the dura, which develops into 
the outer membrane of the hematoma6,11,15,21). Hasegawa et al.8) 
reported meningeal enhancement on MRI with Gd-DTPA (gad-
olinium diethylene-triamine-pentaacetic acid) enhancement in 
five patients with traumatic SDG. In that study, a microscopic 
examination of the enhanced dura mater revealed a vascularized 
neomembrane in which the vessel endothelium showed numer-
ous pinocytic vesicles and fenestrations, suggesting that SDG 
with meningeal enhancement has potential to develop into 
CSDH. Although the number of patients evaluated by MRI was 
too small to show statistical significance, the results of our study 
also support this hypothesis, as seven of nine patients with pachy-
meningeal enhancement developed CSDH.

Previous studies have shown a marked male preponderance 
for the development of SDG, as well as transition to CSDH2,20,23,24). 
This tendency can also be seen in our study. One rationale for 
male dominance is that men generally have greater exposure to 
injuries. Although the significance of bilateral SDG for the de-
velopment of CSDH has not been described, our results show 
that bilateral SDG was a significant risk factor for the develop-
ment of CSDH. More severe injuries may have resulted in bilat-
eral rather than unilateral SDG. Furthermore, persistent bilater-
al fluid collection could have disturbed expansion of the brain 
parenchyma and facilitated formation of CSDH than that of uni-
lateral SDG. 

The limitations of this study should be considered. First, the 
diagnosis of SDG and CSDH was confirmed by radiology report 
based on visual assessment rather than objective measurement 
with parameters such as Hounsfield units. Second, this retro-
spective study was conducted in a single institute with relatively 
a small number of cases. Further prospective studies are needed 
to ascertain the role of sex differences and bilateral SDG for the 
development of CSDH.

 
CONCLUSION

CSDHs are common neurosurgical problems associated with 
significant morbidity in patients with traumatic brain injury. The 
potential to evolve into CSDH should be considered in patients 
with traumatic SDG, particularly male patients with bilateral 
SDG. Further studies are necessary to elucidate whether pachy-
meningeal enhancement on MRI is a prognostic factor for the 
development of CSDH in patients with SDG.
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