
239Copyright © 2017 The Korean Neurosurgical Society  

Clinical Article
J Korean Neurosurg Soc 60 (2) : 239-249, 2017
https://doi.org/10.3340/jkns.2016.0404.009 pISSN 2005-3711   eISSN 1598-7876

Radiologic Findings and Patient Factors Associated with 
30-Day Mortality after Surgical Evacuation of Subdural 
Hematoma in Patients Less Than 65 Years Old

Myung-Hoon Han, M.D.,1 Je Il Ryu, M.D., Ph.D.,1 Choong Hyun Kim, M.D., Ph.D.,1 Jae Min Kim, M.D., Ph.D.,1  
Jin Hwan Cheong, M.D., Ph.D.,1 Hyeong-Joong Yi, M.D., Ph.D.2

Department of Neurosurgery,1 Hanyang University Guri Hospital, Guri, Korea
Department of Neurosurgery,2 Hanyang University Medical Center, Seoul, Korea

Objective : The purpose of this study is to evaluate the associations between 30-day mortality and various radiological and clinical 
factors in patients with traumatic acute subdural hematoma (SDH). During the 11-year study period, young patients who underwent 
surgery for SDH were followed for 30 days. Patients who died due to other medical comorbidities or other organ problems were not 
included in the study population.

Methods : From January 1, 2004 to December 31, 2014, 318 consecutive surgically-treated traumatic acute SDH patients were 
registered for the study. The Kaplan–Meier method was used to analyze 30-day survival rates. We also estimated the hazard ratios 
of various variables in order to identify the independent predictors of 30-day mortality.

Results : We observed a negative correlation between 30-day mortality and Glasgow coma scale score (per 1-point score increase) 
(hazard ratio [HR], 0.60; 95% confidence interval [CI], 0.52–0.70; p<0.001). In addition, use of antithrombotics (HR, 2.34; 95% CI, 
1.27–4.33; p=0.008), history of diabetes mellitus (HR, 2.28; 95% CI, 1.20–4.32; p=0.015), and accompanying traumatic subarachnoid 
hemorrhage (hazard ratio, 2.13; 95% CI, 1.27–3.58; p=0.005) were positively associated with 30-day mortality. 

Conclusion : We found significant associations between short-term mortality after surgery for traumatic acute SDH and lower 
Glasgow Coma Scale scores, use of antithrombotics, history of diabetes mellitus, and accompanying traumatic subarachnoid 
hemorrhage at admission. We expect these findings to be helpful for selecting patients for surgical treatment of traumatic acute 
SDH, and for making accurate prognoses.
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 INTRODUCTION

Traumatic acute subdural hematoma (SDH) is a common 

condition confronting neurosurgeons, and it is reported that 

the percentage of acute SDH in patients admitted with a trau-

matic brain injury (TBI) is approximately 10–20%16,24). A pre-
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vious study reported that approximately 60% of severe TBI 

patients have acute SDH to various extents. We evaluated the 

30-day mortality rate following surgery for traumatic acute 

SDH because identification of individual risk factors for early 

death is important for informing clinical management14). Ac-

cording to recent studies, the 30-day mortality rate after sur-

gery for TBI in approximately 17–26%14,24). One study includ-

ing mostly elderly patients (average age 70.9 years, range 14.1 

years) with various medical comorbidities found that the 30-

day mortality rate after surgery for acute SDH was about 

2-fold higher in patients over 60 years old24). The authors sug-

gested that death following SDH is influenced both by the ex-

tent of neurological damage and by the overall health of the 

patient at the time of surgery24). Therefore, the extent of the 

pure effects of severe TBI on short-term mortality is ambigu-

ous because of the short-term mortality associated with vari-

ous radiological and clinical factors. 

We here evaluate the associations between 30-day mortality 

and various radiological and clinical factors in young patients 

with no deaths due to medical comorbidities or other organ 

problems. Patients were followed during the initial 30 postop-

erative days after surgery for traumatic acute SDH.

MATERIALS AND METHODS

Patient data collection and general management 
We retrospectively collected traumatic acute SDH patient 

data from our two hospitals from January 1, 2004 to Decem-

ber 31, 2014. Since 2000, the medical center has been obligated 

to record all TBI patients in the registry. After retrieving data 

from patients with traumatic acute SDH from the registry, all 

medical records including operative records were reviewed by 

two specialized research teams using an Electronic Medical 

Records system database. Non-surgical patients and patients 

with surgery performed more than 48 hours after head trau-

ma were excluded. We also excluded patients younger than 15 

years and those older than 65 years due to increased risk of 

death from various medical comorbidities or other organ 

problems, rather than neurological conditions. A series of 318 

Fig. 1. Flow chart of the process for selecting eligible patients from our hospital’s Traumatic Brain Injury registry during the period from January 1, 2004 
to December 31, 2014. 

Non-surgical cases and surgery performed ＞48 h
after trauma were excluded. (n=817)

Patients younger than 15 and older than 65
years old were excluded. (n=203)

Patients with missing data or loss of follow-up (referred to another hospital within 30 
days after surgery) were excluded. (n=51)

Final enrollment data for study. (n=318)

Deaths due to medical or other organ problems (pulmonary embolism, acute respiratory 
distress syndrome, sepsis, myocardial infarction, hemopneumothorax, cardiac tamponade, 
hypovolemic shock and rhabdomyolysis) within 30 days after surgery were excluded. 
(n=35)

Traumatic Brain Injury Registry. (2004-2014)
Acute subdural hematoma. (n=1424)

Surgical treatment group for acute subdural
hematoma. (n=607)

Surgical treatment group for acute subdural
hematoma. (15-65 years) (n=404)

Surgical treatment group for acute subdural 
hematoma excluding deaths due to medical 
problems within 30 days after surgery. (15-65 
years) (n=369)
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Table 1. Clinical characteristics and radiologic �ndings of surgically-treated acute subdural hematoma patients, within 30 days after surgery

Variable Total Alive Dead p-value
Number 318 249 69 
Gender, male, n (%) 240 (75.5) 190 (76.3) 50 (72.5) 0.512
Age, mean (SD), y 47.8 (12.7) 47.1 (13.3) 50.0 (10.3) 0.095
Age group (median=50.5) 0.341

15-49, n (%) 159 (50.0) 128 (51.4) 31 (44.9)
50-65, n (%) 159 (50.0) 121 (48.6) 38 (55.1)

Mechanism of trauma 0.086
Traffic accident, n (%) 190 (59.7) 143 (57.4) 47 (68.1)
Fall, n (%) 99 (31.1) 79 (31.7) 20 (29.0)
Assault or others, n (%) 29 (9.1) 27 (10.8) 2 (2.9)

GCS score on admission, mean (SD) 7.77 (1.8) 8.21 (1.6) 6.19 (1.5) <0.001
    3–5 41 (12.9) 17 (6.8) 24 (34.8)
    6–8 159 (50.0) 117 (47.0) 42 (60.9)
    9–15 118 (37.1) 115 (46.2) 3 (4.3)
Accompanying brain injury

TICH+tSAH+IVH, n (%) 12 (3.8) 7 (2.8) 5 (7.2) 0.087
TICH+tSAH, n (%) 47 (14.8) 31 (12.4) 16 (23.2) 0.026
TICH+IVH, n (%) 25 (7.9) 18 (7.2) 7 (10.1) 0.426
tSAH+IVH, n (%) 24 (7.5) 16 (6.4) 8 (11.6) 0.150
TICH, n (%) 106 (33.3) 79 (31.7) 27 (39.1) 0.248
    TICH volume >5 mL, n (%) 49 (46.2) 33 (41.8) 16 (59.3) 0.116
    Multiple TICH, n (%) 44 (41.5) 34 (43.0) 10 (37.0) 0.585
tSAH, n (%) 84 (26.4) 57 (22.9) 27 (39.1) 0.007
    Fisher grade ≥3, n (%) 63 (75.0) 42 (73.7) 21 (77.8) 0.686
IVH, n (%) 37 (11.6) 27 (10.8) 10 (14.5) 0.403
EDH, n (%) 36 (11.3) 28 (11.2) 8 (11.6) 0.935
Skull fracture, n (%) 137 (43.1) 106 (42.6) 31 (44.9) 0.726

Bilateral acute SDH, n (%) 47 (14.8) 32 (12.9) 16 (23.2) 0.490
Midline shift, mean (SD), mm 7.38 (4.6) 6.72 (4.3) 9.73 (4.8) <0.001
Decompressive craniectomy 290 (91.2) 224 (90.0) 66 (95.7) 0.140
Re-operation 31 (9.7) 22 (8.8) 9 (13.0) 0.297
Patient comorbidities

Hypertension, n (%) 109 (34.3) 86 (34.5) 23 (33.3) 0.852
Diabetes, n (%) 48 (15.1) 32 (12.9) 16 (23.2) 0.034
Congestive heart disease, n (%) 5 (1.6) 3 (1.2) 2 (2.9) 0.317
Arrhythmia, n (%) 14 (4.4) 10 (4.0) 4 (5.8) 0.523
Liver disease, n (%) 12 (3.8) 9 (3.6) 3 (4.3) 0.777
Renal failure, n (%) 3 (0.9) 2 (0.8) 1 (1.4) 0.623
COPD, n (%) 4 (1.3) 4 (1.6) 0 0.289
History of stroke, n (%) 8 (2.5) 5 (2.0) 3 (4.3) 0.272

Stress-induced hyperglycemia 61 (19.2) 42 (16.9) 19 (27.5) 0.046
Alcohol drinking, n (%) 135 (42.5) 106 (42.6) 29 (42.0) 0.936
Smoking, n (%) 94 (29.6) 73 (29.3) 21 (30.4) 0.857
Antithrombotics, n (%) 39 (12.3) 26 (10.4) 13 (18.8) 0.060

Antiplatelet agent, n (%) 24 (7.5) 17 (6.8) 7 (10.1) 0.438
Anticoagulant agent, n (%) 15 (4.7) 9 (3.6) 6 (8.7) 0.104

Values are presented as number (%). SD : standard deviation, GCS : Glasgow coma scale, TICH : traumatic intracerebral hematoma, tSAH : traumatic 
subarachnoid hemorrhage, IVH : intraventricular blood, EDH : epidural hematoma, SDH : subdural hematoma, COPD : chronic obstructive pulmonary 
disease
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patients was identified for the study (Fig. 1). 

All operations were performed by four senior neurosur-

geons. Surgery was performed in a standardized manner us-

ing a trauma flap. For patients taking warfarin, we routinely 

administered intravenous vitamin K. Patients were further 

managed in the intensive care unit according to a standard 

protocol, and the target glucose concentration range was 80 to 

110 mg/dL with insulin therapy. In most cases, decompressive 

craniectomy and hematoma evacuation with duraplasty were 

performed. A decompressive craniectomy was performed 

based on the surgeon’s preference and brain edema in the op-

erative field. The decision to perform this craniectomy was 

not strictly standardized due to the retrospective nature of the 

study. There was no significant difference between the alive 

and dead patient groups based on operation type (craniecto-

my and craniotomy) (Table 1).

Re-operation (bilateral hemicraniectomy, hematoma evacu-

ation or drainage, or bifrontal craniectomy) was conducted in 

31 patients : new lesions appeared in the contralateral portion 

(SDH or epidural hematoma [EDH]) in 11 patients, and aggra-

vation of initial lesions or bleeding complications (SDH, trau-

matic intracerebral hematoma [TICH], exacerbation of intra-

ventricular hemorrhage [IVH] or EDH, or rebleeding) 

occurred in 20 patients, as assessed by immediate postopera-

tive computed tomography (CT) scans.

This study was approved by the Institutional Review Boards 

of our hospitals in both Seoul and Guri.

Radiologic variables
Initial CT scans of all 318 traumatic acute SDH patients 

were assessed by two senior neurosurgeons. Mean radiologic 

measurements (i.e., midline shift, TICH volume) were calcu-

lated and used in the analysis. We evaluated the bilaterality of 

the SDH and measured the midline shift in millimeters, 

which was compared with a line drawn between the anterior 

and posterior attachments of the falx to the inner table of the 

skull. We also evaluated the accompanying TBI in all 318 pa-

tients. We defined TICH lesions as those with a solid and well-

defined appearance and fewer well-defined areas of mixed at-

tenuation5). In well-defined TICH lesions, we measured the 

baseline volume of the ICH using the formula (A×B×C)/2, 

where A is the greatest hemorrhage diameter in the CT scan, 

B is the diameter measured 90 degrees to A, and C is the ap-

proximate number of 10-mm CT slices showing hemor-

rhage19). The diagnosis of traumatic subarachnoid hemorrhage 

(tSAH) was based on the presence of blood in the subarach-

noid space in the admission CT scans and was classified ac-

cording to the Fisher grade8). In all cases where the sequence 

of SAH and trauma was ambiguous, we routinely evaluated 

for vascular aneurysm through CT angiogram before surgery. 

In addition, we evaluated for other potential brain injuries in-

cluding IVH, EDH, and skull fracture. 

Clinical patient factors
We reviewed the medical charts and laboratory results 

for all 318 patients who met the inclusion criteria. We in-

vestigated age, gender, mechanism of trauma, and 

Glasgow coma scale (GCS) scores on admission. Accom-

panying injuries other than brain injuries were also eval-

uated. These non-lethal accompanying injuries were not 

associated with 30-day mortality in any patients in the 

study.  
Hypertension was defined as the previous use of antihyper-

tensive medication, medical records indicating a history of 

hypertension, or a confirmed history of hypertension. A his-

tory of diabetes was defined as previous use of antidiabetic 

oral medications, including the use of intravenous insulin 

therapy, medical records indicating a history of diabetes, or a 

confirmed history of diabetes. We classified stress-induced 

hyperglycemia (SIH) as random blood glucose >200 mg/dL 

on admission without a history of diabetic medication or di-

agnosis of diabetes. In addition, we investigated other major 

comorbidities that might affect the 30-day mortality after sur-

gery. A history of smoking was defined to include former and 

current smokers, and a history of drinking was defined to in-

clude former and current drinkers. We also investigated the 

use of antithrombotic medications in all patients, including 

anticoagulants (warfarin) and antiplatelet agents (aspirin and 

clopidogrel). No patients were taking both anticoagulants and 

antiplatelet agents. 

Outcome assessment
In-hospital 30-day mortality was the main outcome vari-

able of this analysis to evaluate the effect of the accompanying 

brain injury and patient clinical factors on mortality of trau-

matic acute SDH in patients between 15 and 65 years of age. 

Deaths due to other medical conditions or other organ prob-

lems after surgery were not considered in this study.  
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Statistical analysis
The baseline characteristics of patient data are presented as 

mean±standard deviation and number/percentage. The Chi-

square test for dichotomous variables and Student’s t-test for 

continuous variables were used to assess clinical differences 

between patients who survived and those who died within 30 

days of surgery. 

Univariate associations between radiologic findings, patient 

clinical factors, and 30-day mortality were assessed using Ka-

plan–Meier survival analysis, and significance was deter-

mined using the log-rank test. A p-value less than 0.05 was 

considered statistically significant.

We first calculated hazard ratios (HRs) with 95% confi-

dence intervals (CIs) for 30-day mortality based on the vari-

ous radiologic findings and patient clinical factors using uni-

variate Cox proportional hazards regression analyses. 

Covariates for the multivariate Cox model were selected on 

the basis of a p-value <0.05 in a univariate analysis, in addi-

tion to age and gender. We then estimated HRs with 95% CIs 

using a multivariate Cox proportional hazards regression 

model in order to identify potential predictors of 30-day mor-

tality. We evaluated multicollinearity for all variables with a 

multivariate Cox proportional hazards regression model. We 

calculated variance inflation factor (VIF), which is the inverse 

of 1–R2 and shows how much the variance of the coefficient 

estimate is inf lated by multicollinearity in the model23). We 

also evaluated log minus log plots for all variables in order to 

test the validity of the proportionality of hazards assumption 

over time, and all variables met this assumption. 

Statistical analyses were performed in R version 3.1.2 and 

SPSS for Windows, version 22.0 (IBM Inc., Chicago, IL, USA).

RESULTS

We included 318 consecutive patients between 15 and 65 

years of age who underwent surgery for traumatic acute SDH 

between January 1, 2004 and December 31, 2014. The average 

age of the patients was 47.8 years, and 75.5% were men. There 

were significant differences in Glasgow coma scale (GCS)  

score, accompanying TICH and tSAH together or tSAH 

alone, midline shift, diabetes, and SIH between patients who 

survived and patients who had died within 30 days. Further 

descriptive data are shown in Table 1.

We investigated accompanying injuries other than brain in-

juries, and these were not associated with 30-day mortality in 

patients with traumatic acute SDH in this study (Table 2). 

Fig. 2 shows the initial distribution of accompanying brain 

injuries in patients who were alive or dead within 30 days of 

surgery for acute SDH. We found significantly higher 30-day 

Table 2. Accompanying injuries other than brain injuries in patients in the study

Other accompanying injuries Total Alive Dead

Total, n 107 73 34

Facial bone fracture, n (%) 21 (19.6) 17 (23.3)   4 (11.8)

Temporal bone fracture, n (%) 16 (15.0) 11 (15.1)   5 (14.7)

Spine fracture (burst, compression or transverse process fracture), n (%) 6 (5.6)   5 (6.8)   1 (2.9)

Pelvic bone fracture, n (%) 6 (5.6)   3 (4.1)   3 (8.8)

Rib fracture, n (%) 7 (6.5)   5 (6.8)   2 (5.9)

Other bone fracture (long or short bone), n (%) 26 (24.3) 16 (21.9) 10 (29.4)

Lung contusion, n (%) 9 (8.4)   5 (6.8)   4 (11.8)

Minor hemothorax, n (%) 10 (9.3)   6 (8.2)   4 (11.8)

Minor pneumothorax, n (%) 2 (1.9)   2 (2.7)   0

Liver laceration, n (%) 1 (0.9)   1 (1.4)   0

Spleen laceration, n (%) 1 (0.9)   1 (1.4)   0

Kidney laceration, n (%) 1 (0.9)   1 (1.4)   0

Unknown hemoperitoneum, n (%) 1 (0.9)   0   1 (2.9)

Values are presented as number (%) 
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mortality rates in patients with accompanying TICH and 

tSAH together or tSAH alone.

Fig. 3 and 4 present the Kaplan–Meier curve with the log-

rank test showing survival probability within 30 days after 

surgery based on initial accompanying brain injury and clini-

cal and radiologic factors. The overall 30-day survival proba-

bility reached a plateau near 80%. There were associations be-

tween 30-day mortality and GCS score, TICH and tSAH 

together or tSAH alone, midline shift >5 mm, diabetes, SIH, 

and anticoagulant use. There was a tendency towards a higher 

mortality rate in the tSAH group and antithrombotics-use 

group immediately after surgery. However, mortality rates in-

creased around 6 days after surgery in the SIH group and nine 

days after surgery in the diabetes group, and then decreased 

with time thereafter. 

Table 3 shows the percentage of survivors at the end point 

(30 days after surgery) in the Kaplan–Meier test and the uni-

variate HRs of clinical and radiologic variables associated with 

30-day mortality after surgery. In the univariate analyses, 

Co
un

t

106 (29.3%)
31 (23.1%)

8 (6.0%)
10 (7.5%)

27 (20.1%)

8 (6.0%)
7 (5.2%)

27 (20.1%)
*p=0.007

16 (11.9%)
*p=0.026

28 (7.7%)

27 (7.5%)

57 (15.7%)

79 (21.8%)

16 (4.4%)
18 (5.0%)
31 (8.6%)

0.75

0.50

0.25

0.00

Alive Death

Accompanying_brain_injury
TICH + tSAH
TICH +IVH
tSAH+IVH
TICH
tSAH
IVH
EDH
Skull fracture

Mortality

Fig. 2. Dichotomized analysis of the distribution of initial accompanying 
brain injuries in patients who survived or died within 30 days of surgery for 
acute subdural hematoma. TICH : traumatic intracerebral hematoma, tSAH : 
traumatic subarachnoid hemorrhage, IVH : intraventricular blood, EDH : 
epidural hematoma. * p<0.05.
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GCS score (per 1 point score increase) was negatively associat-

ed with 30-day mortality, while tSAH presence, midline shift 

(per 1 mm increase), diabetes, SIH, and antithrombotic use 

were positively associated with 30-day mortality. There was 

no association between 30-day mortality after surgery and 

gender, age, TICH presence, bilateral acute SDH, smoking, or 

antiplatelet agent use. We evaluated multicollinearity of the 

variables before performing a multivariate Cox regression 

analysis. The VIF was 1.014 for antithrombotics, 1.197 for 

tSAH, 1.098 for diabetes, 1.372 for GCS score, 1.355 for mid-

line shift, 1.103 for SIH, 1.236 for age, and 1.040 for gender.  In 

the multivariate Cox regression analyses, we observed that 

GCS score (HR, 0.60 ; 95% CI, 0.52–0.70 ; p<0.001; per 1 point 

score increase) was inversely associated with 30-day mortality 

after surgery for acute SDH. However, antithrombotic use 

(HR, 2.34 ; 95% CI, 1.27–4.33 ; p=0.007), diabetes (HR, 2.28 ; 

95% CI, 1.20–4.32 ; p=0.012) and tSAH presence (HR, 2.13 ; 

95% CI, 1.27–3.58 ; p=0.004) showed independent associa-

tions with short-term mortality in surgically-treated acute 

SDH patients (Fig. 5). Although SIH showed about a 1.8-fold 

increase in 30-day mortality in the univariate analysis (HR, 

1.75 ; 95% CI, 1.03–2.98 ; p=0.037), this factor fell short of 

achieving statistical significance in the multivariate analysis 

(HR, 1.55 ; 95% CI, 0.86–2.78 ; p=0.145).   

DISCUSSION

Our study shows that a decreased GCS score, accompanying 

tSAH, history of diabetes, and antithrombotic use are inde-

pendent predictors of 30-day mortality after surgery for trau-

matic acute SDH in patients between 15 and 65 years of age. 

This finding excludes patients whose deaths were related to 

other medical conditions or organ problems. We observed that 

there were no associations between 30-day mortality and pa-

tient age, gender, or various accompanying brain injuries other 
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Fig. 4. Kaplan–Meier curve with log-rank test showing survival probability within 30 days of surgery based on clinical and radiologic factors. GCS : 
Glasgow coma scale,  SDH : subdural hematoma, SIH : stress-induced hyperglycemia.
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than tSAH. In addition, midline shift and SIH also showed no 

significant correlation with 30-day mortality in the multivari-

ate analysis. In the antithrombotic-use group, the anticoagu-

lant-agent group showed a significant correlation with 30-day 

mortality in the univariate analysis, whereas the antiplatelet 

group did not. However, we did not divide the antithrombotic 

group into an anticoagulant group and an antiplatelet group 

for the multivariate analysis because the resultant small num-

bers would have decreased the statistical power (Fig. 5). 

Sixty-nine patients died within 30 days after surgery for 

traumatic acute SDH, a mortality rate of 21.7%. Recently, 

Huang et al. reported a 30-day mortality rate of 26.4% in 

traumatic brain-injury patients undergoing decompressive 

craniectomy14). Our study has a mortality rate about five per-

centage points lower, and this difference might be explained 

by the fact that patients older than 65 years, who are more 

vulnerable to death after major trauma, were excluded from 

our study13). In addition, we excluded patients who died from 

other medical conditions or other non-neurological organ 

problems. Conversely, a recent U.S. study describes a 30-day 

mortality rate of 17% in surgically-treated SDH patients24). 

However, the researchers randomly selected surgical patients 

from a large database and focused mainly on the comorbidi-

ties in elderly patients. Therefore, the severity of the traumatic 

SDH and the presence of accompanying TBI are ambiguous 

in that study. The small number of patients in our study might 

also be a potential cause of the difference in mortality rate.  

Table 3. Kaplan–Meier and univariate hazard ratios for clinical and 
radiologic factors associated with 30-day mortality after surgery

Variable
Percent 

survivors (%)
HR (95% CI) p-value

Male 79.2 1

Female 75.6 0.82 (0.48–1.39) 0.458

Age (per 1-year increase) N/A 1.02 (0.99–1.04) 0.105

GCS score (per 1 increase) N/A 0.59 (0.52–0.68) <0.001

TICH

No 80.2 1

Yes 74.5 1.36 (0.84–2.20) 0.218

tSAH

No 82.1 1

Yes 67.9 1.94 (1.20–3.15) 0.007

IVH

No 79.0 1

Yes 73.0 1.36 (0.70–2.66) 0.369

EDH

No 78.4 1

Yes 77.8 1.02 (0.49–2.12) 0.967

Skull fracture

No 79.0 1

Yes 77.4 1.09 (0.68–1.75) 0.734

Bilateral acute SDH

No 79.0 1

Yes 74.5 1.23 (0.66–2.29) 0.514

Midline shift (per 1-mm 
increase)

N/A 1.12 (1.06–1.17) <0.001

Decompressive 
craniectomy

No 89.3 1

Yes 77.2 2.33 (0.73–7.41) 0.152

Re-operation

No 79.1 1

Yes 71.0 1.44 (0.72–2.90) 0.307

Hypertension

No 78.0 1

Yes 78.9 0.97 (0.59–1.60) 0.970

Diabetes

No 80.4 1

Yes 66.7 1.81 (1.03–3.17) 0.038

Stress-induced 
hyperglycemia

No 80.5 1

Yes 68.9 1.75 (1.03–2.98) 0.037

Table 3. Continued

Variable
Percent 

survivors (%)
HR (95% CI) p-value

Alcohol drinking

No 78.1 1

Yes 78.5 0.97 (0.60–1.57) 0.904

Smoking

No 78.6 1

Yes 77.7 1.03 (0.62–1.71) 0.920

Antithrombotics

No 79.9 1

Yes 66.7 1.93 (1.06–3.53) 0.033

HR : hazard ratio, GCS : Glasgow coma scale, TICH : traumatic intracerebral 
hematoma, tSAH :  traumatic subarachnoid hemorrhage, IVH : 
intraventricular blood, EDH : epidural hematoma, SDH : subdural hematoma, 
N/A : not applicable
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In our study, a lower GCS score was associated with the 30-

day mortality rate. Many previous studies have reported a 

correlation between low GCS scores and a poor outcome/

short-term mortality after TBI1,14,26,27). We confirmed that GCS 

score can be a prognostic predictor of short-term mortality in 

patients who undergo decompressive craniectomy. 

The use of antithrombotic medication was an independent 

predictor of 30-day mortality. Several previous studies have 

shown the adverse effects of anticoagulant use on prognosis 

and mortality in TBI3,6,9,11,27). A U.S. study reported that anti-

coagulation with warfarin does not adversely impact mortali-

ty or length-of-stay outcomes in patients with head injuries30). 

The researchers stated that the higher mortality in anticoagu-

lated elderly trauma patients was more attributable to the ef-

fects of age and comorbidities than the effects of warfarin ex-

posure. Devereaux et al. reported that administration of 

aspirin before surgery and throughout the early postsurgical 

period had no significant effect on the rate of composite 

death7).

In the univariate analysis in our study, diabetes and SIH 

were associated with 30-day mortality. However, only diabetes 

was an independent predictor of 30-day mortality in the mul-

tivariate analysis. Several studies have shown an association 

between mortality or neurological outcome and hyperglyce-

mia after TBI12,15,22,29). However, these studies included all hy-

perglycemic patients without considering the patients’ history 

of diabetes. Bosarge et al. found that SIH was associated with 

higher mortality after severe TBI than diabetic hyperglyce-

mia4). However, diabetic hyperglycemic patients might have 

some degree of stress response invoking their hyperglycemia. 

In our study, we included all patients with diagnosed diabetes 

including those with hyperglycemia and normoglycemia. Two 

previous studies have reported that diabetes was associated 

with mortality in TBI20,25). Ley et al. proposed that TBI in-

flammatory cytokines might lead to disruption in the display 

of the glucose transporter on the cell surface, while simultane-

ously causing inappropriate activation of the glucose synthase 

system20). Consequently, glucose availability from a relative 

insulin deficiency that is amplified in diabetes mellitus leads 

to increased mortality because of the inability to meet cellular 

energy demands. In addition, TBI might cause cerebral vascu-

lar injury, which leads to ischemic lesions in the brain17). Ac-

cording to a recent study, ischemic stroke is the second most 

common cause of death for patients with TBI, after decom-

pressive craniectomy14,21). Khoury et al. reported that diabetic 

patients showed a 3- to 4-fold increased incidence rate of isch-

emic stroke compared with those without diabetes mellitus18).

Lastly, accompanying tSAH was also an independent pre-

dictor of 30-day mortality. Several studies have reported that 

tSAH was an independent predictor of TBI mortality and se-

vere neurological outcome2,10,21,28,31). Aminmansour et al. de-

scribed an association between tSAH and an increased inci-

dence of cerebral vasospasm, with higher probability and 

greater severity in patients with severe TBI2). In addition, 

Zubkov et al. reported an increase in post-traumatic vaso-

spasm in patients with EDH, SDH, and ICH32). Therefore, 

tSAH in our study might have some additional effects on the 

incidence of vasospasm, relative to the effect of an isolated 

tSAH lesion, because our study was based on patients with 

traumatic SDH. In addition, a recent study from China 

showed that tSAH was an independent predictor of post-

traumatic cerebral infarction21). 

Although midline shift was associated with 30-day mortali-

ty in the univariate analysis, it fell short of significance in the 

multivariate analysis. Aarabi et al. reported that decompres-

sive craniectomy was associated with a better-than-expected 

functional outcome in patients with a malignant swelling 

from to severe head injuries1). In our study, most patients un-

derwent decompressive craniectomies, which might explain 

the lack of a significant relationship between midline shift and 

short-term mortality in the multivariate analysis. A recent 

study has also reported that midline shift was not associated 

Fig. 5. Multivariate hazard ratios of clinical and radiologic factors associated 
with 30-day mortality after surgery. HR : hazard ratio, CI : confidence 
interval, tSAH : traumatic subarachnoid hemorrhage, SIH : stress-induced 
hyperglycemia, GCS : Glasgow coma scale. *p<0.01, †p<0.05, ‡p<0.001.
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with 30-day mortality in patients undergoing decompressive 

craniectomy in a multivariate analysis14).

There are some limitations to the present study. Because of 

the retrospective nature of this study, there were inconsisten-

cies in the duration between the immediate postoperative CT 

scan and the follow-up CT scan. Therefore, we could not ac-

curately evaluate the cause of death. In addition, there was the 

possibility of incorrect or missing patient data. Therefore, the 

present study might be less accurate than prospectively 

planned research. Furthermore, we could not obtain informa-

tion regarding HbA1c on admission, because this value is not 

routinely measured in the emergency department. Therefore, 

we might have underestimated the number of diabetic pa-

tients. The present study was performed in only two hospitals, 

so the generalizability of these findings might be limited. Al-

though this study was performed in two major urban hospi-

tals over an 11-year period, the small number of patients 

might limit the statistical power. The small number of patients 

with antithrombotics used in our study, due to the study char-

acteristics (less than 65 years old), means that we could not 

clearly evaluate the influence of antithrombotic agents on the 

short-term mortality of acute SDH in relatively younger pa-

tients of our study, compared to the previous studies. Howev-

er, because of our exclusion criteria, this study did include a 

relatively large number of patients compared with previous 

studies. 

CONCLUSION

Regardless of the limitations described above, the present 

study suggests several predictors that deserve consideration 

when considering short-term mortality after surgery for trau-

matic acute SDH in patients less than 65 years old. We found a 

significant association between short-term mortality and low-

er GCS score, antithrombotic use, history of diabetes mellitus, 

and accompanying tSAH at admission in surgically-treated, 

traumatic acute SDH patients between 15 and 65 years of age. 

The independent factors associated with short-term mortality 

after TBI reported in previous studies that included the elderly 

were also similar with short-term mortality after surgery for 

traumatic acute SDH in patients less than 65 years old. We ex-

pect these findings to be helpful for selecting patients for sur-

gical treatment of traumatic acute SDH, and for making accu-

rate prognoses. Additional prospective multi-center studies 

will be required to further evaluate these findings.
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