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Introduction

Acute subdural hematoma (ASDH) is one of the leading 

causes of death in trauma patients and present in 12% to 29% 
among the patients with severe traumatic brain injury.3,12,30) 
Surgical treatment of ASDH depends on patient neurolog-
ic status which can be evaluated by pupil response, size, 
Glasgow Coma Scale (GCS) score, and brain computed to-
mography (CT) scan. Bullock et al.3) recommended surgi-
cal treatment in patients with ASDH with the hematoma 
thickness greater than 10 mm or midline shifting greater 
than 5 mm on brain CT scan. Patients not in the above crite-
ria with GCS score less than 9, decrease in GCS scores by 2 
from the initial status, or abnormal pupil change should be 
considered for surgical intervention.3)
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The general surgical procedure for ASDH is craniotomy 
with removal of hematoma and decompressive craniecto-
my (DC) if necessary. The decision of the surgical tech-
nique depends on individual surgeon’s experience in pre-
operative neurologic status, preoperative CT findings, and 
intraoperative findings. In some studies, more craniotomies 
than decompressive craniectomies were performed as a 
surgical treatment of choice for ASDH.14,24) Even though DC 
has its own complications and requires a subsequent cra-
nioplasty, preemptive DC can provide more effective con-
trol of intracranial pressure (ICP) and aggressive brain ede-
ma. Some patients who underwent craniotomy for removal 
of hematoma suffered refractory intracranial hypertension 
and brain edema, as a result required reoperation with DC. 
To avoid reoperation, we investigated predictable values 
that could indicate DC as a surgical treatment of choice by 
comparing groups that did and did not require reoperation 
using DC after craniotomy in ASDH patients.

Materials and Methods

We retrospectively reviewed 155 cases of ASDH surgi-
cally managed with craniotomy in our hospital from Sep-
tember 2007 to September 2017. The 26 exclusions were 
made in patients younger than 16 years old, who underwent 
bilateral craniotomy, patients with non-traumatic ASDH, 
and ASDH in the posterior fossa. After exclusion there 
were 129 patients, and they were sorted into two groups; 
24 patients in DC after craniotomy group, 105 patients in 
only craniotomy group. Among 24 cases in group A, 5 pa-
tients who underwent DC due to epidural hematoma, re-
bleeding of subdural hematoma (SDH) after primary cra-
niotomy were excluded. Finally, 19 patients who needed 
additional reoperation using DC to control intracranial hy-
pertension and brain edema (group A), and 105 patients 
who performed primary craniotomy without reoperation 
(group B) were analyzed.

We hypothesized that patients with underlying conditions 
inducing bleeding tendency, more severe brain injury, and 
diffuse intracerebral combined lesions with ASDH would 
tend to develop more aggressive intracranial hypertension 
and brain edema. Patients’ age, gender, liver cirrhosis, chron-
ic kidney disease, history of medication inducing bleeding 
tendency, and history of alcohol ingestion were collected 
through retrospective review of the medical records. The 
data of neurologic status at the time of the admission (pupil 
response, GCS scores) were also collected. Preoperative 
brain CT findings were also reviewed and the length of max-
imal SDH thickness and midline shifting were measured. 

We also calculated the length of midline shifting to maxi-
mal SDH thickness ratio (magnetization transfer [MT] ra-
tio) to depict if there is extra mass effect other than ASDH 
or not. Combined lesions such as traumatic subarachnoid 
hemorrhage (TSAH), intraventricular hemorrhage (IVH), 
and traumatic intracerebral hemorrhage (TICH) were also 
evaluated. TICH is defined as a well-defined appearance 
hematoma with a diameter greater than 10 mm.5)

Craniotomy was performed based on indications sug-
gested by Bullock et al.3) All patient’s operative records 
were reviewed to estimate existence of intracranial hyper-
tension, brain edema sign (macroscopic brain bulging, 
abrupt hematoma drainage after durotomy, grossly invisi-
ble brain pulsation), and sign of bleeding tendency (exis-
tence of multiple contusion, diffuse oozing without bleed-
ing focus). We defined the prior as operative findings 1, 
and the later as operative findings 2. Total bleeding amount 
was also reviewed. DC after craniotomy was performed 
when patients showed worsening GCS scores or pupil re-
sponse with worsening midline shifting more than 5 mm 
in follow-up brain CT.

Data were analyzed using SPSS software for personal com-
puters (SPSS version 21; IBM Corp., Armonk, NY, USA). 
Continuous variables were analyzed by using unpaired Stu-
dent’s t-test and Categorical variables were analyzed by 
using Pearson χ2 test. Variables with statistical significance 
were selected as predictable values and underwent multi-
variate logistic regression analysis. A p-value of less than 
0.05 was considered as statistically significance.

Results

Of total 124 ASDH patients treated with craniotomy, 19 
(15.3%) underwent reoperation using DC. Comparison of 
total 17 variables was performed between group A and 
group B (Table 1). Mean age was higher in group A (63.21± 
12.4, p=0.414) and it also had higher proportion (57.9%) of 
elders (age, >65; odds ratio [OR], 1.697; 95% confidence in-
terval [CI], 0.631-4.560; p=0.291). There was higher pro-
portion of men in both group (p=0.308). Demographic 
data showed no significant difference between two groups. 
Past medical history with bleeding tendency such as liver 
cirrhosis, chronic kidney disease, antiplatelet/anticoagu-
lant drugs, and alcohol consumption history (greater than 
two drinks per day for male, greater than one drink per day 
for female) was also analyzed, but we could not find signif-
icant differences.

Patient’s neurologic status at the admission was defined 
by GCS score and pupil response. Average GCS score was 
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lower in group A (7.05±3.80, p=0.050). We divided patients 
into two groups by GCS score of 9 as it had been considered 
as severely injured state in other articles.3,30) Group A showed 
higher proportion of GCS less than 9 (3-8) (63.2%; OR, 
2.571; p=0.061). Abnormal pupil response defined as pupil 
size other than normal size (3 mm) or light reflex. Group A 
showed higher proportions of abnormal pupil response 
(68.4%; OR, 2.476; 95% CI, 0.875-7.010; p=0.081). Neurolog-
ic status was worse in group A but had no significant dif-
ferences.

Group A’s preoperative brain CT findings were compared 
to those of group B, which showed significantly higher pro-
portions of combined lesions like TSAH (100%, 0.003), IVH 
(52.6%; OR, 7.863; 95% CI, 2.698-22.96; p<0.001), and 
TICH (84.2%; OR, 6.841; 95% CI, 1.879-24.90; p=0.001). 
All of group A had TSAH, so it was considered improper 
to get OR. Midline shifting length was significantly longer 
in group A than that of group B (15.37±7.39 mm; p=0.018), 
but maximal SDH thickness was longer in group B than the 

other (15.48±6.06 mm; p=0.800). It demonstrated higher 
proportions of MT ratio >1 in group A, and there was a sig-
nificant difference (63.2%; OR, 5.786; 95% CI, 2.060-16.33; 
p<0.001).

Intraoperative finding was divided into operative find-
ings 1 and 2. Both operative findings showed significantly 
higher proportions in group A (operative findings 1, 52.6%; 
OR, 6.667; 95% CI, 2.325-19.12; p<0.001; operative find-
ings 2, 57.9%; OR, 4.641; 95% CI, 1.676-12.85; p=0.020). 
Mean bleeding was higher in group A (1,183.33±856.3 
cc; p=0.244), but did not show any significant difference.

Among 17 candidate variables, six values (IVH, TICH, 
midline shifting length, MT ratio, operative findings 1, and 
2 have significant relation to the need for DC. Midline shift-
ing length was modified as midline shifting >15 mm to clar-
ify the criteria of predictable value. It showed higher pro-
portions in group A (52.6%) than group B (30.5%) but did 
not have statistical significance (OR, 2.535; 95% CI, 0.940-
6.834; p=0.060); therefore excluded. Finally we got 5 pre-

TABLE 1. General characteristics of study population and odd ratios for each variable

Variables Group A* (n=19) Group B† (n=105) p-value OR (95% CI)

Demographic data
Age

<65, n (%) 8 (42.1%) 58 (55.2%) 0.291 1.697 (0.631-4.560)

>65, n (%) 11 (57.9%) 47 (44.8%)

Mean±SD 63.21±12.40 60.61±15.05 0.414
Gender (M:F) 22:6 83:13 0.308
LC/CKD 3 (15.8%) 5 (4.8%) 0.072 3.750 (0.816-17.24)

Bleeding tendency medications‡ 2 (10.5%) 19 (18.1%) 0.418 0.533 (0.113-2.502)

Alcohol consumption 8 (42.1%) 50 (47.6%) 0.658 0.800 (0.298-2.149)

Neurologic status at the admission
Mean GCS±SD 7.05±3.80 8.80±3.49 0.050
GCS < 9 12 (63.2%) 42 (40.0%) 0.061 2.571 (0.936-7.064)

Abnormal pupil response 13 (68.4%) 49 (46.7%) 0.081 2.476 (0.875-7.010)

Preoperative brain CT findings
TSAH 19 (100.0%) 70 (66.7%) 0.003
IVH 10 (52.6%) 13 (12.4%) <0.001 7.863 (2.693-22.96)

TICH 16 (84.2%) 46 (43.8%) 0.001 6.841 (1.879-24.90)

Midline shifting (mm) 15.37±7.39 11.82±5.67 0.018
Maximal SDH thickness (mm) 15.08±7.80 15.48±6.06 0.800
MT ratio>1 12 (63.2%) 24 (22.9%) <0.001 5.786 (2.060-16.33)

Intraoperative findings
Operative findings 1§ 10 (52.6%) 15 (14.3%) <0.001 6.667 (2.325-19.12)

Operative findings 2ǁ 11 (57.9%) 24 (22.9%) 0.020 4.641 (1.676-12.85)

Mean bleeding amount (cc) 1,183.33±856.3 933.01±523.4 0.244

*Patients reoperated with decompressive craniectomy after craniotomy, † patients only operated with primary craniotomy, 
‡antiplatelets, anticoagulants, §macroscopic brain bulging, abrupt hematoma drainage after durotomy, or grossly invisible 
brain pulsation,  ǁexistence of multiple contusion, or diffuse oozing without bleeding focus. OR: odds ratio, CI: confidence in-
terval, SD: standard deviation, M: male, F: female, LC: liver cirrhosis, CKD: chronic kidney disease, GCS: Glasgow Coma 
Scale, CT: computed tomography, TSAH: traumatic subarachnoid hemorrhage, IVH: intraventricular hemorrhage, TICH: trau-
matic intracerebral hemorrhage, SDH: subdural hematoma, MT ratio: magnetization transfer ratio
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dictable values, MT ratio >1, TICH, IVH, operative find-
ings 1 and 2. Average number of predictable values in group 
A was 2.74 (p<0.001) and proportion of predictable values 
>2 was 52.6% while only 7.6% in group B (OR, 13.47; 95% 
CI, 4.251-42.70; p<0.001) (Table 2). These predictable val-
ues were analyzed through multivariate logistic regression 
(Table 3). MT ratio >1, IVH, and operative findings 1 showed 
higher ORs with statistical significance than TICH and 
operative findings 2.

Discussion

Performing DC or craniotomy in ASDH patients has re-
mained an unresolved topic. Several comparative studies 
between these two operative techniques were conducted. 
Some preferred craniotomy because DC had shown unfa-
vorable outcome and was considered more invasive with 
possible severe complications such as rebleeding of contu-
sions, developing of contralateral mass lesion, and external 
cerebral herniation.6,15,27,31) On the other hand, other studies 
preferred DC in selective patients because it would supply 
more flexible ICP control and provide extra space for edem-
atous brain tissue that was prepared for the refractory in-
tracranial hypertension and further brain edema.8,16,19,28) 
Phan et al.20) meta-analyzed six comparative studies between 
DC and craniotomy groups, and depicted that DC was as-
sociated with worse postoperative outcome. It could be in-
terpreted that these studies were biased to select patients with 
greater severity who ultimately underwent DC. Therefore, 
merely comparing these two groups has limitations to pro-

vide clues to make a decision on operational technique in 
ASDH patient. So, we investigated the patients who need-
ed further DC among the patients who had undergone cra-
niotomy.

In consideration of performing craniotomy in patients with 
ASDH, postoperative progression of brain edema, refracto-
ry intracranial hypertension, and additional bleeding risks 
should be estimated. If there is higher possibility to have 
these features, preemptive DC would be better alternatives 
than craniotomy. High initial intraoperative ICP monitor-
ing, age, early hypotension, and combined lesions were 
identified as independent risk factors of reoperations using 
DC by Zhao et al.33) In addition, we identified preoperative 
brain CT finding of IVH, MT ratio >1, TICH, operative 
findings 1, 2 as predictable values. 

Group A showed older average age and higher proportions 
of age >65 but did not show statistical significance. In the 
study of Zhao et al.33) which has a larger sample size in DC 
after craniotomy group (n=41), it was decided that age is 
also an independent risk factor for salvage DC. Potts et al.21) 
also suggested that age was a predictive value for unfavor-
able outcome of patients who underwent DC. Cerebral at-
rophy is more common in elders which creates extra crani-
al space, therefore possibly more endurable to brain edema 
and consequent intracranial hypertension. However, Oertel 
et al.18) depicted the association of elder’s fragile microvas-
cular structure and tendency of developing progressive hem-
orrhagic injury after head trauma. Degenerated blood brain 
barrier is more permeable to posttraumatic inflammatory 
factors and vulnerable to osmotic stress, consequently lead-
ing to vasogenic and cytotoxic edema.9,10) Even though age 
was not identified as a predictable value in our study, it still 
could be considered as a possible predictor.

Huang et al.11) used Rotterdam CT score as a prognostica-
tor in DC patients, and patients with higher Rotterdam CT 
score had worse outcome. Since IVH is part of this scoring 
system, our results of higher IVH occurrence in group A 
correlated with postoperative change of these patients. MT 
ratio and TICH provide information on mass effect other 
than SDH in ASDH patients. Even though both midline 
shifting length, and SDH thickness themselves did not show 
correlation, when it was combined as MT ratio, it showed 
higher proportion of MT ratio >1 in group A. We got this 

TABLE 2. Predictable values for reoperation

Variables Group A* (n=19) Group B† (n=105) p-value OR (95% CI)

Mean predictable values 2.74±1.52 0.93±1.00 <0.001
Predictable values > 2 10 (52.6%) 8 (7.6%) <0.001 13.47 (4.251-42.70)

*Patients reoperated with decompressive craniectomy after craniotomy, †patients only operated with primary craniotomy. 
OR: odds ratio, CI: confidence interval

TABLE 3. Odd ratio of predictable values using multiple logistic 
regression analysis

Variables OR (95% CI) p-value
MT ratio >1 3.536 (1.029-12.16) 0.045
TICH 2.921 (0.692-12.34) 0.145
IVH 4.450 (1.124-17.62) 0.034
Operative findings 1* 4.241 (1.123-16.02) 0.033
Operative findings 2† 2.944 (0.801-10.83) 0.104

*Macroscopic brain bulging, abrupt hematoma drainage 
after durotomy, or grossly invisible brain pulsation, †existence 
of multiple contusion, or diffuse oozing without bleeding fo-
cus. OR: odds ratio, CI: confidence interval, MT ratio: mag-
netization transfer ratio, TICH: traumatic intracerebral hem-
orrhage, IVH: intraventricular hemorrhage
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idea from the fact that group A had more frequent intracra-
nial combined lesion which may give extra mass effect in 
addition to ASDH, consequently inducing brain edema and 
intracranial hypertension. Other studies also showed sig-
nificant correlation of TICH, IVH with poorer prognosis of 
acute traumatic SDH patients.4,11,12,17,28) Therefore MT ratio 
which can describe the existence of additional mass effect 
was measured as a predictable value.

Although craniotomy is sufficient to reduce the elevated 
ICP by removal of SDH, remaining mass effects by other 
types of hematoma cannot be solved solely by craniotomy 
because ICP reduction effect is limited due to bone closure. 
This will result in sustained increased ICP which cause brain 
ischemia and compromised brain oxygen, which leads to 
additional brain edema.29,33) Operative findings 1 is the wit-
nessing of this phenomenon. The operative findings 2 is 
related to bleeding tendency. Although successful bleeding 
control was done intraoperatively, TICH can be reformed by 
the negative pressure of cavitated space or solely due to the 
hemorrhagic progression tendency of TICH.5) Enlarged 
hematoma also gives additional mass effect after cranioto-
my, ultimately increasing the ICP. Therefore, even though it 
is subsided enough to close the bone flap, if operative find-
ings 1, 2 were combined with predictable values from pre-
operative CT, it should be carefully considered to leave the 
bone flap without replacement.

Surgeons should be cautious when selecting DC as the pri-
mary operation. In some cases decompression creates ex-
cessive pressure gradient across the injured capillary and 
induces subsequent edema aggravation. This was proved 
by Cooper et al.7) in their animal models. This was also as-
sociated with developing of contralateral mass lesion.25) Be-
sides drastic pressure change by removal of bone flap im-
pairs autoregulatory capacity which induces hyperemia or 
oligoemia.22,26) They are related to early stage complications 
of DC like blossoming of contusion, or ischemic damages.2) 
Due to these complications, DC was reserved as a second tier 
therapy after all possible medical therapeutic modalities were 
applied, so indiscreet use of preemptive DC should be avoid-
ed.30,32) Even though preemptive DC has its own limitation 
and drawback, it would be preferred in selective cases. Bor-
Seng-Shu et al.1) demonstrated that ICP is effectively de-
creased and cerebral perfusion pressure is increased signif-
icantly after DC. This consequently supplies more oxygen 
to the damaged tissue which helps to normalize abnormal 
metabolic parameters, finally promoting the recovery and 
preventing secondary ischemic insults.23) The predictable 
values we identified were related to the postoperative pro-
gression of brain edema, refractory intracranial hyperten-

sion, and additional bleeding risks. In patients with these 
values preemptive DC can be carefully considered, so they 
will make it possible to avoid unnecessary reoperation by 
using DC.

This study has several limitations. This is a retrospective 
analysis in a single medical center, so selection bias may 
have occurred. Although we performed both univariate, and 
multivariate analysis to reinforce the confidentiality of pre-
dictable values, due to small sample size, further studies with 
larger sample size are required such as Randomised Eval-
uation of Surgery with Craniectomy for patients Undergo-
ing Evacuation of ASDH (RESCUE-ASDH) trial.13) Oper-
ative findings 1, and 2 were defined as predictable values 
but have subjective components in itself, so additional ef-
forts are needed to uniform the descriptive terms of opera-
tive findings to objectificate these values. Despite these lim-
itations, predictable values that we found can be referred 
to when making a decision as to whether to perform DC or 
craniotomy in ASDH patients.

Conclusion

MT ratio, IVH, TICH in brain CT image, and intraopera-
tive signs of intracranial hypertension, brain edema (opera-
tive findings 1), and bleeding tendency (operative findings 
2) can be considered as predictable values for re-operation 
using salvage DC after craniotomy. Despite the complica-
tions that may occur after DC, Preemptive DC can be con-
sidered a reasonable option to prepare for postoperative re-
fractory intracranial hypertension and brain edema in patients 
with these values. 

■ The authors have no financial conflicts of interest. 
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