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Introduction

There are an estimated 1.7 million traumatic brain injuries (TBI) per year in the United 

States, responsible for approximately 55,000 deaths.1,2 Direct costs of treating these patients 

is projected at over 9 billion US dollars per year.1 Of those patients with a TBI, the 

frequency of acute subdural hemorrhage (ASDH) in patients is between 10–30%.3–5 

Furthermore, patients with ASDH often present with intracranial hypertension or neurologic 

dysfunction that requires emergent surgical decompression.3 At the time of surgery, 

provided there is no extracranial herniation, it often remains unclear if the bone flap should 

be removed (decompressive craniectomy, DC) or replaced (craniotomy). There is wide 

variation in the clinical practice of neurosurgeons around the world.6,7
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There have been several small single-center retrospective cohort studies attempting to 

address this equipoise.5,8–13 These studies usually represent the practice patterns of a small 

number of neurosurgeons and contain data from a limited number of cases, limiting their 

generalizability.

National trends and estimates of the proportion of patients receiving craniotomy or DC for 

ASDH in the United States are unknown. Given the paucity of data, the goal of this 

retrospective cohort study is to characterize the surgical management of ASDH in the United 

States. In addition, we sought to determine the independent association of DC for ASDH, 

compared to craniotomy, on hospital mortality.

Materials and Methods

We report our study in accordance with the STrengthening the Reporting of OBservational 

studies in Epidemiology (STROBE) statement.14

Study Population

We obtained data from the Nationwide Inpatient Sample (NIS), a federal all-payer database 

which captures approximately 20% of all US hospital discharges.15 The NIS is a complex 

survey designed and powered to produce national estimates and proportions. It is produced 

by the Agency for Healthcare Research and Quality (AHRQ) via the Healthcare Cost and 

Utilization Project. As this study employed a retrospective de-identified dataset, a waiver of 

consent was obtained from the University of British Columbia Clinical Research Ethics 

Board (H15-01943).

We included patients who were 18 years of age or older with a primary discharge diagnosis 

of traumatic subdural hemorrhage (ICD9 codes 852.20–852.29) from the 2006–2011 NIS 

sample. While there are likely more patients who suffered TBI with subdural hematomas 

that were not captured in these codes, we attempted to be as specific as possible in isolating 

and defining the ASDH cohort. The sample population was further segregated into patients 

who underwent craniotomy and craniectomy (ICD9 codes 01.24 and 01.25 respectively). We 

excluded patients who had codes for both surgeries as well as patients who did not undergo 

surgery. Figure 1 displays the flow diagram for cohort selection.

The primary exposure of interest was craniotomy versus craniectomy for the management of 

ASDH. We gathered patient level variables including age, sex, race (white, black, hispanic 

or other), insurance status (coverage or no coverage), length of stay, in-hospital mortality as 

well as discharge location. Discharge location was defined as normal discharge home versus 

discharge to a type of facility (skilled nursing facility or rehab facility). We computed the 

Charlson Co-morbidity index as a method of measuring patient co-morbidities16. In 

addition, we included the Elixhauser Comorbidity Index17 and the All Patient Refined 

Diagnosis Related Groups (APRDRG) Severity Index into the final statistical model. The 

APRDRG indices are created by the AHRQ and are robust scores that adjust for injury 

severity18. Hospital characteristics were obtained including hospital region (Northeast, 

Midwest, South, West), size (as defined by the AHRQ15), teaching status (teaching vs non-

teaching) as well as rural versus urban location (based on US Census Data).
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Statistical Analysis

All analyses were performed using survey procedures in SAS version 9.4 (SAS Institute, 

Cary, NC). National estimates were obtained with appropriate weights as well as the use of 

complex survey procedures in SAS. We performed Chi-squared tests to analyze nominal or 

ordinal outcomes. Independent t-tests were used to analyze normally distributed continuous 

variables.

Propensity Score

We used a multivariable logistic regression model to estimate the propensity of a 

craniectomy being performed (compared to craniotomy). The risk of craniectomy was 

modeled using the following covariates chosen a priori: age, gender, race, insurance status, 

time to surgery, zip-code income quartile, the 29 Elixhauser co-morbidities, APRDRG 

Severity Index, hospital size, hospital region, hospital teaching status and urban vs rural 

hospital status.

Craniectomy patients were then matched in a 1:1 fashion with craniotomy patients by 

propensity score using a greedy matching algorithm set at a minimum 0.001 level match. 

The final propensity score model had a c-statistic of 0.872. Following propensity matching, 

the mortality rate outcomes were compared using a Chi-squared test. The variables included 

in the propensity score model are available in Appendix 1.

Mortality rates and percentage of surgical sample receiving craniectomy were calculated for 

each year to perform trend analysis. All tests were run with a 5% two-sided significance 

level. All percentages displayed on tables are obtained from complex survey procedures and 

estimate national percentages. In accordance with the AHRQ data use agreement, cells 

containing less than 10 patients are not reported in order to prevent identification of 

subjects.19 Imputed errors in the counts of patients in cells are displayed to prevent 

identification of individual patients, however the p values reflect actual data. Linear 

regression was utilized to determine statistically significant trends in the rates of procedures 

measured across years.

Results

A total of 47,911,414 (weighted national projection 235,911,271) admissions were 

examined from the 2006–2011 NIS samples. We isolated a cohort of 60,435 (weighted 

projection 298,896) patients with a primary diagnosis of traumatic subdural hematoma. 

From this cohort we identified 1763 patients who underwent craniotomy and 177 who 

underwent craniectomy. These represent 8,786 craniotomies and 883 craniectomies when 

weighted for national projections. There were 21 patients who had ICD9 codes for both 

procedures that were excluded from the analysis.

The baseline patient characteristics for the overall and propensity matched cohorts are 

presented in table 1. There were 26 craniectomy patients who were unable to be matched to 

a craniotomy patient at a propensity score match level of 0.001 or better. The mean age of 

patients who underwent a craniotomy was 68.9 (SD 17.1) years whereas the mean age of 

patients receiving a craniectomy was 49.5 (SD 20.8) years (p<0.0001). In the overall cohort, 
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craniectomy was associated with increased hospital mortality compared to craniotomy. This 

increased hospital mortality seen on the univariable analysis persisted after propensity score 

matching (32% vs. 22%, p=0.044). This represents an adjusted odds ratio of 1.67 (95%CI: 

1.02 to 2.76, p=0.044) for death associated with craniectomy compared to craniotomy. The 

variables included in the logistic regression model to determine the propensity score of 

receiving a craniectomy (vs. craniotomy) are presented in Appendix 1.

The rates of craniectomy and craniotomy as well as the yearly case mortality are displayed 

in Figure 2. The case-mortality rate for craniectomy significantly increased from 25.6% in 

2006 to 47.5% in 2011 (test for trend p=0.0052). Mortality rates in patients undergoing 

craniotomy were stable during the study period (p=0.66). The percentage of patients 

receiving a craniectomy as a percentage of all surgeries was stable between 7.4–11.7% over 

the time period of the study (p=0.9543).

Discussion

In our retrospective cohort study using data from the NIS, we demonstrated that craniotomy 

is performed approximately 10 times more often than DC in patients with ASDH in the 

United States. Patients who undergo DC are younger, have more acute comorbid conditions 

and higher severity indices but are less likely to have a neurologic comorbid condition. 

When adjusting for all identifiable variables, patients who undergo craniectomy have a 1.7-

fold higher risk of dying in the hospital. Management of these patients also varies by 

geographical location in the United States as well as hospital characteristics. When 

examining individual years, the mortality rate for craniectomy has steadily risen while the 

mortality rate for craniotomy has remained steady. This is in light of no significant change in 

the rates of craniectomy in the sample of patients undergoing surgical intervention.

The significant difference in mortality observed between the two groups confirms findings 

seen in other smaller studies.5,10,13,20 There may be underlying physiologic basis to account 

for the increased mortality observed with craniectomy. Removal of the bone segment allows 

for expansion of swollen brain through the defect leading to axonal stretch.21,22 Axonal 

stretch has been demonstrated by in-vivo models to cause neuronal injury.23–25 Furthermore, 

decompressive craniectomy has also been associated with alterations in cerebral auto-

regulation and hemodynamics.26 This may lead to pressure passive cerebral blood flow, 

increasing the risk of cerebral ischemia (from under perfusion) or cerebral edema (from over 

perfusion), respectively.

The decision to perform a craniectomy is at the discretion of the attending neurosurgeon and 

reflects a combination of measured and unmeasured patient factors. Craniectomy is likely 

preformed more often in patients with more severe injuries where post-operative swelling is 

anticipated. Parenchymal herniation during the operation of patients with more significant 

injuries may prevent replacement of the bone flap.3 The operating neurosurgeon may have 

been attempting to perform a craniotomy but due to technical reasons was unable to replace 

the bone. This is confounding by indication and occurs when variables associated with the 

outcome in the reference population, are also associated with the exposure.27 We attempted 

to adjust for confounding using propensity score matching. This results in balancing all of 
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the covariates that are used to generate the score, thereby minimizing confounding by these 

variables.28 Furthermore, using a propensity score analysis is subject to less bias than 

conventional logistic regression when the number of events per covariate is low, as in our 

case.29

It must be stressed however, that the severity of injury is included among the unmeasured 

patient factors contributing to the signal for increased mortality observed in patients who 

received a craniectomy. Worse injuries may influence the surgeon to leave the bone flap 

removed in order to account for anticipated post operative edema and elevated intracranial 

pressure. Also, craniectomy is often preformed as a lifesaving procedure in order to avoid 

progression to neurological death. If these patients were not operated on, they would have 

died and not have been included in this analysis. The increasing mortality rates for patients 

receiving craniectomy during the study period could also be a reflection of changes over 

time in traumatic brain injury management where neurosurgeons may increasingly perform 

craniectomies on more severely injured patients who were formerly considered 

unsalvageable.

The ratio of ten to one seen in favor of craniotomy versus DC confirms the preferred 

management technique for ASDH in the United States. The decision to perform a DC over a 

craniotomy is influenced by surgeon preferences, training, experience as well as patient and 

hospital characteristics. Some centers have reported only performing DC whereas others 

only perform craniectomy in patients with ASDH.30–32 While the present analysis does not 

capture the practices of individual hospitals, it is likely that surgeon preference and patient 

characteristics influence the decision of surgery selection more than hospital policies. The 

further characterization of the influences on surgical decision making would be a valuable 

addition to the literature.

Strengths of this study include the representative sample of ASDH patients treated across the 

United States. The NIS allows estimations of national trends in the management of patients, 

unlike previous retrospective studies focusing on single institutions. The large sample size 

obtained from the dataset allows measurement of patient outcomes on a national scale across 

many different types of hospitals. This is one of the largest cohorts of patients with 

exclusively ASDH in the literature.

These data must be interpreted in the context of the study design. The retrospective nature 

and lack of detailed patient level data to adjust for other factors may confound the results. It 

is also likely that we were unable to capture all patients with ASDH from the database due 

to them being coded as non-specific head injury codes. However, the authors attempted to 

analyze the management of these patients on a homogeneous and specific sample as 

possible. A lack of a functional outcome assessment is a factor in the interpretation of the 

findings in this study. An ability to capture 6-month functional status would allow a better 

characterization of patient outcomes beyond in-hospital mortality and facility discharge.

Further evidence for the best management of these patients will be provided once the 

RESCUE-ASDH trial results are available.33 This trial based at the University of Cambridge 

is currently enrolling patients and randomizing to decompressive craniectomy or craniotomy 
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in ASDH. Given the difficulty of recruiting these patients, it may be some time before 

results become available.

Conclusion

In the United States among patients with ASDH, craniotomy is performed ten times more 

often than decompressive craniectomy. Patients who undergo craniectomy are younger, have 

significantly longer hospitalizations, are more likely to be discharged to a facility as well as 

more likely to die in the hospital. While the optimal management of these patients remains 

highly debated, the vast majority of surgical management of these patients in the United 

States involves performing a craniotomy.
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• Management of acute traumatic subdural hematoma controversial

• Craniectomy and Craniotomy are both preformed for ASDH

• Craniotomy preformed 10:1 ratio over craniectomy for ASDH in the USA

• The case-mortality rate for craniectomy significantly increased from 25.6% in 

2006 to 47.5% in 2011

• Patients who underwent craniectomy had a 1.7 higher risk of in-hospital 

mortality than craniotomy patients
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Figure 1. 
Study design with inclusion and exclusion diagram for patient selection
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Figure 2. 
Rates of mortality for craniectomy and craniotomy during the study period. Test for trend: 

craniectomy p=0.0052 and craniotomy p=0.66.
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Appendix 1

Odds ratios from multivariable logistic regression model for odds of undergoing a craniectomy. For zip code 

income quartile, the first quartile is the reference. For hospital region, “Northeast” is the reference group. For 

hospital size, “small” is the reference category

Variable Odds Ratio Confidence Interval (95%) p

Age 0.96 0.94–0.97 <0.0001

Time to Surgery 0.99 0.94–1.04 0.61

Gender 0.96 0.64–1.48 0.91

Zip Code Income

 Q1 1.0 1.0

 Q2 1.18 0.70–1.99 0.55

 Q3 1.24 0.74–2.09 0.41

 Q4 1.22 0.71–2.11 0.47

Race

 White 1.0 1.0

 Black 0.87 0.43–1.79 0.71

 Hispanic 0.93 0.47–1.82 0.82

 Other 0.67 0.29–1.57 0.35

 Missing 1.17 0.68–1.99 0.57

Hospital teaching status 1.06 0.68–1.67 0.79

Hospital location (rural vs urban) 0.66 0.19–2.23 0.50

Hospital Size

 Small 1.0 1.0

 Medium 6.57 1.36–31.77 0.02

 Large 4.46 0.96–20.76 0.06

Hospital Region

 Northeast 1.0 1.0

 Midwest 0.41 0.23–0.75 0.003

 South 0.26 0.16–0.44 <0.0001

 West 0.56 0.32–0.96 0.04

AIDS Comorbidity <0.001 <0.001–>999 0.99

Alcohol Comorbidity 0.68 0.42–1.11 0.13

Anemia Comorbidity 0.78 0.45–1.34 0.36

Arthritis Comorbidity 1.03 0.13–8.31 0.98

Blood Loss Comorbidity 0.96 0.25–3.76 0.95

Congestive Heart Failure Comorbidity 0.63 0.28–1.44 0.27

Chronic Lung Comorbidity 0.67 0.33–1.34 0.25

Coagulopathy Comorbidity 1.12 0.65–1.93 0.68

Depression Comorbidity 1.12 0.47–2.64 0.80

Diabetes Comorbidity 0.88 0.49–1.58 0.67
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Variable Odds Ratio Confidence Interval (95%) p

Diabetes Comorbidity (Complicated) 1.13 0.24–5.35 0.88

Cardiopulmonary Comorbidity 4.39 1.44–13.49 0.01

Drug Abuse Comorbidity 1.30 0.54–3.13 0.57

Electrolyte Comorbidity 1.04 0.69–1.56 0.85

Hypertension Comorbidity 0.79 0.51–1.23 0.30

Hypothyroid Comorbidity 0.95 0.36–2.55 0.93

Liver Disease Comorbidity 1.83 0.80–4.18 0.15

Lymphoma Comorbidity 2.03 0.37–11.25 0.41

Metastatic Cancer Comorbidity <0.001 <0.001–>999 0.99

Neuro Comorbidity 0.35 0.15–0.78 0.01

Obesity Comorbidity 0.52 0.14–1.92 0.33

Paralysis Comorbidity 2.08 1.27–3.45 0.004

Peripheral Vascular Comorbidity 1.60 0.59–4.34 0.36

Psychiatric Comorbidity 1.55 0.60–4.02 0.37

Renal Failure Comorbidity 0.52 0.23–1.19 0.12

Tumor Comorbidity <0.001 <0.001–999 0.98

Ulcer Comorbidity <0.001 <0.001–999 0.99

Valve Comorbidity 0.63 0.18–2.24 0.48

Weight Loss Comorbidity 1.17 0.69–1.99 0.56

APRDRG Severity Index 2.36 1.92–2.89 <0.0001
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