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a b s t r a c t

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 sur-
gical timing with outcomes for subdural hematoma. A retrospective review was performed of 522 con-
secutive 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 exam-
ined the effect of surgical timing, in addition to other variables on in-hospital mortality (primary out-
come), 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 asso-
ciated with better outcomes. While there are potential confounding factors, these findings support the
evaluation of rigorous preoperative resuscitation as a priority in future study.

� 2014 Elsevier Ltd. All rights reserved.

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
hematoma [2]. 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 sig-
nificantly lower mortality than patients who underwent surgery
later, with mortality rates of 30% and 90%, respectively [3]. These
data, published in 1981, suggested that faster times to surgery
could significantly decrease mortality. Although a few other
reports have corroborated this finding [4,5], a number of subse-
quent studies have failed to find a similar effect of time to surgery
on mortality, even with up to a 10 hour interval [6–9]. In fact, some
studies have even reported a significant association between faster
times to surgery and increased mortality rates [10–12]. While it is
a commonly held belief in many neurotrauma centers that emer-
gency surgery benefits patients, the overall body of evidence and
lack of clinical trial data suggests that the association between out-
comes 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.
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2. Materials and methods

Following Institutional Review Board approval (Protocol Assur-
ance #2011-P-000269/1), we identified a consecutive, retrospec-
tive 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 surgi-
cal 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 intrapa-
renchymal hemorrhage greater than 30 ml. As per departmental
practice pattern, patients with acute traumatic SDH who presented
with significant midline shift underwent prophylactic craniec-
tomy. 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.

2.2. Variable and outcome selection

Age, sex, transfer status from other hospital, injury severity
score [13], presence of fixed pupil(s), midline shift on CT scan, sub-
dural thickness, coma (Glasgow Coma Scale [GCS] score 68) 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 vari-
ables were each selected based on previous reports of their associ-
ation with outcomes following SDH [3,4,14–19]. Perioperative
resuscitation associated characteristics were also recorded, includ-
ing 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-hospi-
tal, emergency department, or operating room), operating room
blood product transfusion (measured in units administered), oper-
ating room fluid administration (colloid and crystalloid), estimated
blood loss, and urine output.

Our primary outcome was in-hospital mortality. Secondary out-
comes included the requirement for tracheostomy and/or gastros-
tomy, 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 out-
come measure. Comparisons of categorical variables were made
with the Pearson v2 test and comparison of continuous variables
with non-normal distributions were made by the use of nonpara-
metric 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 sta-
tistical 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,
Chicago, IL, USA).

3. Results

Of the 522 patients presenting to our center with SDH, 45 met
study criteria (Tables 1 and 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 68). 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 hospitaliza-
tion. 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 intraop-
erative cardiac arrest (n = 1). Complications occurred in all but 16
patients (Table 3). Nineteen (42.2%) required tracheostomy or gas-
trostomy placement.

Univariate analysis showed significant associations between in-
hospital mortality (primary outcome) and both interhospital trans-
fer (p = 0.048) and increasing injury severity score (p = 0.018)
(Table 4). We also found that faster time to surgery was signifi-
cantly associated with greater mortality (p = 0.010). The presence
of a fixed pupil approached significance (p = 0.050). Factors associ-
ated with tracheostomy or gastrostomy placement (secondary out-
come) were male sex (p = 0.028), midline shift (p = 0.034), coma
(GCS 68) 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 multi-
ple 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 68) on presentation
(p = 0.011) (Table 6).

Comparison of perioperative resuscitation-associated factors
between survival categories did not demonstrate any significant
differences (Table 7).

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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