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Abstract

Although the pre-surgical management of patients with acute traumatic subdural hematoma 

prioritizes rapid transport to the operating room, there is conflicting evidence regarding the 

importance of time interval from injury to surgery with regards to outcomes. We sought to 

determine the association of surgical timing with outcomes for subdural hematoma. A 

retrospective review was performed of 522 consecutive patients admitted to a single center from 

2006–2012 who underwent emergent craniectomy for acute subdural hematoma. After excluding 

patients with unknown time of injury, penetrating trauma, concurrent cerebrovascular injury, 

epidural hematoma, or intraparenchymal hemorrhage greater than 30 mL, there remained 45 

patients identified for analysis. Using a multiple regression model, we examined the effect of 

surgical timing, in addition to other variables on in-hospital mortality (primary outcome), as well 

as the need for tracheostomy or gastrostomy (secondary outcome). We found that increasing 

injury severity score (odds ratio [OR] 1.146; 95% confidence interval [CI] 1.035–1.270; p = 

0.009) and age (OR1.066; 95%CI 1.006–1.129; p = 0.031) were associated with in-hospital 

mortality in multivariate analysis. In this model, increasing time to surgery was not associated 

with mortality, and in fact had a significant effect in decreasing mortality (OR 0.984; 95%CI 

0.971–0.997; p = 0.018). Premorbid aspirin use was associated with a paradoxical decrease in 

mortality (OR 0.019; 95%CI 0.001–0.392; p = 0.010). In this patient sample, shorter time interval 

from injury to surgery was not associated with better outcomes. While there are potential 

confounding factors, these findings support the evaluation of rigorous preoperative resuscitation as 

a priority in future study.
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1. Introduction

Acute, traumatic subdural hematoma (SDH) is one of the most devastating form of traumatic 

brain injury (TBI), with mortality rates estimated between 40–60%1. In most situations, 

especially in patients with profound neurological deficits, SDH is considered a neurosurgical 

emergency requiring immediate evacuation of the hematoma2. However, there is some 

ambiguity regarding what factors influence outcomes following surgical treatment, making 

prognostication a challenge in these patients.

The effect of the amount of time that elapses between injury and surgery (“time to surgery”) 

is of particular interest, as this is one of the few factors that may be under some clinical 

control. A report by Seelig et al. of 82 patients with SDH who presented as comatose and 

underwent surgery within 4 hours of injury had significantly lower mortality than patients 

who underwent surgery later, with mortality rates of 30% and 90%, respectively.3These 

data, published in 1981, suggested that faster times to surgery could significantly decrease 

mortality. Although a few other reports have corroborated this finding4,5, a number of 

subsequent studies have failed to find a similar effect of time to surgery on mortality, even 

with up to a 10 hour interval6–9. In fact, some studies have even reported a significant 

association between faster times to surgery and increased mortality rates10–12. While it is a 

commonly held belief in many neurotrauma centers that emergency surgery benefits 

patients, the overall body of evidence and lack of clinical trial data suggests that the 

association between outcomes and time to surgery remains uncertain. In this study, we 

sought to examine the effect of time to surgery on outcomes in a relatively focused group of 

patients with severe TBI: those undergoing craniectomy for SDH.

2. Materials and methods

Following Institutional Review Board approval (Protocol Assurance #2011-P-000269/1), we 

identified a consecutive, retrospective cohort of patients undergoing surgical treatment for 

SDH at our center between 2006 and 2012.

2.1. Inclusion and exclusion criteria

Patients of all ages were included if their SDH was traumatic in origin. Following head CT 

scan, patients with acute SDH >1 cm in thickness or resulting in >0.5 cm of midline shift 

underwent surgical evacuation as soon as possible, congruent with guidelines from the Brain 

Trauma Foundation. All cases were performed on an emergent basis. Patients were excluded 

from analysis if they did not have a documented time of injury. Additionally, we excluded 

all patients with penetrating trauma (for example, gunshot wound), cerebrovascular injury, 

epidural hematoma, or intraparenchymal hemorrhage greater than 30 ml. As per 

departmental practice pattern, patients with acute traumatic SDH who presented with 

significant midline shift underwent prophylactic craniectomy. Patients undergoing 

craniotomy (bone flap replaced at the conclusion of the procedure) were also not included, 

as they were thought to represent a separate subgroup of patients with less severe injury.

Walcott et al. Page 2

J Clin Neurosci. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



2.2. Variable and outcome selection

Age, sex, transfer status from other hospital, injury severity score13, presence of fixed 

pupil(s), midline shift on CT scan, subdural thickness, coma (Glasgow Coma Scale [GCS] 

score ≤8) on presentation to the emergency department, whether the patient was taking 

aspirin, whether the patient was anticoagulated with warfarin, and time interval to surgery 

were extracted from the medical record. Time to surgery was defined as the documented 

time of injury to time of incision. To account for brain atrophy and/or propensity for 

cerebral edema in different patients, we also calculated the ratio of midline shift to SDH 

thickness. These variables were each selected based on previous reports of their association 

with outcomes following SDH.3,4,14–19 Perioperative resuscitation associated characteristics 

were also recorded, including hypotension (systolic blood pressure of <90 mmHg observed 

in the emergency department or intraoperatively), hypoxemia (PaO2 <60 mmHg; O2 

saturation <90%), location of intubation (pre-hospital, emergency department, or operating 

room), operating room blood product transfusion (measured in units administered), 

operating room fluid administration (colloid and crystalloid), estimated blood loss, and urine 

output.

Our primary outcome was in-hospital mortality. Secondary outcomes included the 

requirement for tracheostomy and/or gastrostomy, both objective data points that were 

readily accessible from the medical record. In-hospital complications were recorded, in 

addition to causes of death.

2.3. Statistical analysis

Univariate analyses were performed for each variable and outcome measure. Comparisons 

of categorical variables were made with the Pearson χ2 test and comparison of continuous 

variables with non-normal distributions were made by the use of nonparametric statistics 

(Mann–Whitney U test). We then constructed a multiple logistic regression model by first 

entering all variables into the model and then using stepwise backward elimination (Wald 

method) to generate the most parsimonious model. All statistical tests were two-sided, and p 

< 0.05 was predetermined to establish statistical significance. All analyses were performed 

using The Statistical Package for the Social Sciences version 21 (SPSS Inc., Chicago, IL, 

USA).

3. Results

Of the 522 patients presenting to our center with SDH, 45 met study criteria (Table 1, 2). 

The mean age of the group was 45.7 years (standard deviation = 19.8), and consisted of 34 

men (75.6%) and 11 women (24.4%). The majority (62.2%) of patients were transferred 

from a referring hospital, and 29 (64.4%) were comatose on arrival (GCS ≤8). The average 

time to surgery was 326 minutes, or 5.4 hours (standard deviation = 222 minutes). Of these 

patients, a total of 11 (24.4%) died during their hospitalization. The causes of death were 

brain death (n = 3), withdrawal of care secondary to neurological prognosis (n = 6), 

complications related to abdominal compartment syndrome (n = 1), and intraoperative 

cardiac arrest (n = 1). Complications occurred in all but 16 patients (Table 3). Nineteen 

(42.2%) required tracheostomy or gastrostomy placement.
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Univariate analysis showed significant associations between in-hospital mortality (primary 

outcome) and both interhospital transfer (p = 0.048) and increasing injury severity score (p = 

0.018) (Table 4). We also found that faster time to surgery was significantly associated with 

greater mortality (p = 0.010). The presence of a fixed pupil approached significance (p = 

0.050). Factors associated with tracheostomy or gastrostomy placement (secondary 

outcome) were male sex (p = 0.028), midline shift (p = 0.034), coma (GCS ≤8) at 

presentation (p = 0.024), and anticoagulation with warfarin (p = 0.036). Time to injury was 

not significantly associated with requirement for tracheostomy or gastrostomy in univariate 

analysis.

In our multivariate model for mortality, stepwise backward elimination identified four 

factors with significant effects (Table 5). These were age (p = 0.031), injury severity score 

(p = 0.009), time to surgery (p = 0.018), and antiplatelet therapy (p = 0.010). In a multiple 

regression model for tracheostomy or gastrostomy, significant factors were male sex (p = 

0.009), ratio of midline shift to subdural thickness (p = 0.033), and coma (GCS ≤8) on 

presentation (p = 0.011) (Table 6).

Comparison of perioperative resuscitation-associated factors between survival categories did 

not demonstrate any significant differences (Table 7).

4. Discussion

In this study, we sought to determine the effect of time to surgery on outcomes in patients 

with SDH requiring emergent craniectomy. We utilized multiple logistic regression 

modeling to determine the contribution of multiple clinical variables that have been 

previously reported to be associated with outcome. In our model, injury severity score and 

age were associated with increased mortality, while antiplatelet therapy and time to surgery 

had a seemingly protective effect. These results suggest that shorter time to surgery may not 

result in better outcomes, contrary to the results of a few previous reports.3

Previous studies that have found faster time to surgery to be associated with worse outcomes 

have been met with skepticism because of the argument that patients who had more severe 

injuries tended to be operated on sooner than others. This selection bias can certainly skew 

results without correcting for potential confounders. For example, in a study by Dent et al. 

that reported earlier surgery was associated with worse outcomes, patients who had surgery 

within 4 hours tended to have lower GCS scores, more severe intracranial injuries, and 

greater incidence of brain herniation than patients who had later surgery. However, the 

authors did not control for these confounding factors.11 To avoid a similar bias, we limited 

our sample of patients to those who had limited additional structural brain injury other than 

SDH. Our multivariate model controlled for injury severity score, GCS score, and brainstem 

compression (as signified by fixed pupils) among other variables, which greatly reduces the 

likelihood that our results were confounded by injury severity.

Why might faster times to surgery be associated with higher mortality? It is possible that 

pre-surgical stabilization and resuscitation, which may cause a delay to surgery, could 

contribute to improved survival. Indeed, a few studies have found that mortality is increased 
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among patients with severe TBI who present with hypoxia or hypotension, suggesting that 

treatment of these systemic perturbations before surgical intervention may be of greater 

importance than already thought.20–22 Accurate assessment of this phenomenon would 

require detailed knowledge of both pre-hospital and referring hospital variables, which were 

not routinely available in our medical records. In hospital observation of hypotension or 

hypoxemia failed to demonstrate a significant difference between categories of survival. 

Other perioperative characteristics of resuscitation available in the medical record, such as 

blood product transfusion and urine output also failed to demonstrate differences between 

the two groups. It is possible that a type II error contributed to these findings, especially 

considering the sample size available.

Another finding in our study was a significant association between premorbid aspirin use 

and lower mortality (p = 0.010). Although some studies have shown that antiplatelet activity 

increases the incidence of SDH23, few have directly examined the effect of aspirin on 

outcomes following traumatic injury. Recently, Harr and colleagues reported that pre-

hospital antiplatelet therapy was associated with reduced incidence of lung dysfunction, 

multiple organ system failure, and mortality in trauma patients.24 They suggested that the 

pathogenesis of post-injury organ dysfunction might be at least in part mediated by fibrin 

deposition, microthrombosis formation, and inflammation, all of which are associated with 

platelet activation and may be mitigated by aspirin use.24 There is some evidence that a 

similar effect occurs in the brain following TBI – post-traumatic coagulopathy can result in 

a disseminated intravascular coagulation phenomenon, causing intravascular 

microthromboses and ischemia.25 Indeed, histopathological26 and diffusion-weighted MRI 

studies27 have confirmed the presence of ischemic lesions caused by intravascular 

microthromboses following TBI. The association between premorbid aspirin use and lower 

mortality in our study may reflect protective effect of aspirin on the development of 

intravascular microthromboses, a potentially important contributor to outcomes following 

traumatic injury.

4.1. Strengths and limitations

The main strengths of our study are the strict inclusion criteria that limited the potential for 

extraneous confounding factors. For example, it is well regarded that the outcomes from 

acute epidural hematoma and SDH are different, which is why we attempted to limit our 

patient population to a single disease entity. By increasing the homogeneity of our sample, 

we also limited our sample size and the generalizability of these findings to other 

populations with TBI. Also limiting our sample size was the large proportion of patients 

who did not have a documented time of injury. Sometimes, this was a result of 

circumstances, as in the cases where patients are “found down” without any witness or 

historical account available. Other times, there is a lapse in documentation, highlighting the 

need for efforts to collect accurate data for both clinical care and research.

Our use of a logistic regression model allowed for the interpretation of numerous factors that 

have been shown to be associated with outcome. Nevertheless, like all retrospective studies, 

our findings may have been skewed by selection bias. In particular, our sample may have 

been biased against patients with very severe injury who died before arrival at our center and 
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were therefore not considered in this study. This could have affected our results by omitting 

severely injured patients who might have benefited from early surgery. Future, prospective 

studies are needed to validate some of the preliminary findings suggested here.

5. Conclusions

In patients undergoing craniectomy for SDH, the time interval from injury to surgery is 

inversely related to mortality. Additionally, antiplatelet therapy is associated with decreased 

mortality. Systemic effects of traumatic injury appear to play a significant role in patients 

with TBI. The pre-surgical period represents an important and modifiable time period that 

warrants further study.
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Table 1

Descriptive statistics for continuous variables for the 45 patients who met inclusion criteria

Factor Mean SD SEM Range

Age, years 45.73 19.828 2.956 3–85

Injury severity score 22.93 10.206 1.521 5–48

Midline shift, cm 0.978 0.5143 0.0767 0–2.5

Subdural thickness, cm 1.438 0.6499 0.0969 0.8–4.0

Midline shift : Subdural thickness 0.743 0.40875 0.06093 0–2.00

Time to surgery, minutes 326.42 222.482 33.166 100–1037

SD = standard deviation, SEM = standard error of the mean.
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Table 2

Descriptive statistics for categorical variables for the 45 patients who met inclusion criteria

Factor Categories Frequency Percent

Sex
Male 34 75.6

Female 11 24.4

Transport
From scene 17 37.8

Interhospital transfer 28 62.2

Pupils
Reactive pupils 28 62.2

Fixed pupil(s) 17 37.8

Comatose
GCS at presentation to ED >8 16 35.6

GCS at presentation to ED ≤8 29 64.4

Anticoagulation (warfarin)
Not anticoagulated 42 93.3

Anticoagulated 3 6.7

Antiplatelet therapy (aspirin)
No antiplatelets 39 86.7

Antiplatelets 6 13.3

ED = emergency department, GCS = Glasgow Coma Scale.
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Table 3

In-hospital complications

Type n

Abdominal compartment syndrome 1

Acute renal failure 2

Acute respiratory distress syndrome 1

Bloodstream infection (central line related) 1

Deep vein thrombosis 2

Diabetes insipidus 1

Hydrocephalus requiring permanent cerebrospinal fluid diversion 1

Infectious colitis 2

Liver failure 1

Myocardial infarction 3

None 16

Pancreatitis 1

Pneumonia 15

Syndrome of inappropriate antidiuretic hormone 1

Urinary tract infection 1

Wound infection 3

J Clin Neurosci. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Walcott et al. Page 11

Table 4

Univariate analysis of factors associated with mortality (primary outcome) and tracheostomy or gastrostomy 

(secondary outcome)

Factor Association with
mortality, p value

Association with
tracheostomy/PEG,
p value

Age, years 0.411 0.696

Sex, male 0.296 0.028

Transport (interhospital transfer) 0.048 0.260

Injury severity score (increasing) 0.018 0.305

Fixed pupil(s) 0.050 0.260

Midline shift, cm 0.354 0.034

Subdural thickness, cm 0.785 0.473

Midline shift : Subdural thickness 0.382 0.264

Coma (GCS ≤8) on presentation 0.180 0.024

Time to surgery, minutes 0.010 0.462

Antiplatelet therapy (aspirin) 0.586 0.636

Warfarin alone 0.711 0.036

GCS = Glasgow Coma Scale, PEG = percutaneous endoscopic gastrostomy.

Significant p values are in bold.
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Table 5

Factors significantly associated with mortality (primary outcome) in multiple logistic regression model

Factor OR 95%CI p value

Age, years 1.066 1.006–1.129 0.031

Injury severity score (increasing) 1.146 1.035–1.270 0.009

Antiplatelet therapy (aspirin) 0.019 0.001–0.392 0.010

Time to surgery, minutes 0.984 0.971–0.997 0.018

CI = confidence interval, OR = odds ratio.
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Table 6

Factors significantly associated with tracheotomy or gastrostomy placement in multiple logistic regression 

model

Factor OR 95%CI p value

Sex (male) 0.036 0.003–0.0437 0.009

Midline shift : Subdural thickness 3.329 1.100–10.072 0.033

Coma (GCS ≤8) on presentation 0.161 0.039–0.660 0.011

CI = confidence interval, GCS = Glasgow Coma Scale, OR = odds ratio.
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Table 7

Comparison of resuscitation-associated factors between groups of patients who survived versus died

Factor p value Interpretation

Hypotension 0.62 No difference between categories of survival

Hypoxemia 0.06 No difference between categories of survival

Location of intubation 0.33–0.51 No difference between categories of survival

Packed red blood cell transfusion 0.08 No difference between categories of survival

Platelet transfusion 0.41 No difference between categories of survival

Fresh frozen plasma transfusion 0.11 No difference between categories of survival

Crystalloid/colloid transfusion volume 0.74 No difference between categories of survival

Estimated blood loss 0.65 No difference between categories of survival

Urine output 0.67 No difference between categories of survival
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