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While socioeconomic disparities in health care are 
widely documented for medical services,8 less 
research has been conducted to fully understand 

similar disparities in surgical care. Existing literature, 
however, does demonstrate that uninsured patients face 
increased risks of postoperative complications following 
surgery.5,11 Research also demonstrates that the uninsured 

are more likely to die following a traumatic injury than 
their insured counterparts.9 When the uninsured do receive 
surgery, it is more likely to be with outdated technology 
that is no longer the standard of care.20 Previous reports 
have demonstrated racial, ethnic, and socioeconomic dis-
parities in the treatment of brain tumors5 and in outcomes 
after craniotomy for tumor,6 conditions that are typically 
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obJect This study was designed to assess the relationship between insurance status and likelihood of receiving a 
neurosurgical procedure following admission for either extraaxial intracranial hemorrhage or spinal vertebral fracture.
methods A retrospective analysis of the Nationwide Inpatient Sample (NIS; 1998–2009) was performed. Cases of 
traumatic extraaxial intracranial hematoma and spinal vertebral fracture were identified using International Classification 
of Diseases, Ninth Revision (ICD-9) diagnosis codes. Within this cohort, those patients receiving a craniotomy or spinal 
fusion and/or decompression in the context of an admission for traumatic brain or spine injury, respectively, were identi-
fied using the appropriate ICD-9 procedure codes.
results A total of 190,412 patients with extraaxial intracranial hematoma were identified between 1998 and 2009. 
Within this cohort, 37,434 patients (19.7%) received a craniotomy. A total of 477,110 patients with spinal vertebral frac-
ture were identified. Of these, 37,302 (7.8%) received a spinal decompression and/or fusion. On multivariate analysis 
controlling for patient demographics, severity of injuries, comorbidities, hospital volume, and hospital characteristics, 
uninsured patients had a reduced likelihood of receiving a craniotomy (odds ratio [OR] 0.76, 95% confidence interval [CI] 
0.71–0.82) and spinal fusion (OR 0.67, 95% CI 0.64–0.71) relative to insured patients. This statistically significant trend 
persisted when uninsured and insured patients were matched on the basis of mortality propensity score. Uninsured pa-
tients demonstrated an elevated risk-adjusted mortality rate relative to insured patients in cases of extraaxial intracranial 
hematoma. Among patients with spinal injury, mortality rates were similar between patients with and without insurance.
coNclusioNs In this study, uninsured patients were consistently less likely to receive a craniotomy or spinal fusion 
for traumatic intracranial extraaxial hemorrhage and spinal vertebral fracture, respectively. This difference persisted after 
accounting for overall injury severity and patient access to high- or low-volume treatment centers, and potentially reflects 
a resource allocation bias against uninsured patients within the hospital setting. This information adds to the growing 
literature detailing the benefits of health reform initiatives seeking to expand access for the uninsured.
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somewhat elective in nature. However, it is unknown 
whether disparities persist in emergent or urgent neuro-
surgical conditions such as traumatic brain or spine injury.

In acute neurosurgical trauma injuries such as extra-
axial intracranial hemorrhage and vertebral fracture, there 
are reasons to postulate that a socioeconomic bias may 
be less likely to exist compared with a more chronic or 
elective surgical condition. Trauma systems in the US are 
generally well organized and patient access to graded lev-
els (I–III) of trauma centers is highly systematized. Fac-
tors such as insurance screening, which may take place for 
elective conditions, are less likely to be present in the set-
ting of trauma. In addition, patients admitted for traumatic 
injuries often have high-acuity injuries in which there is 
less likely to be discretionary judgment as to the suitabil-
ity of a given procedure.

To test the hypothesis of whether socioeconomic dis-
parities exist in acute neurosurgical trauma treatment, we 
examined the likelihood of receiving a neurosurgical pro-
cedure for patients admitted following a traumatic extra-
axial hemorrhage or vertebral fracture and evaluated this 
outcome in relation to insurance status. We also examined 
the relationship between insurance status and patient out-
comes, including length of stay, total charges, and mortal-
ity.

methods
inclusion and exclusion criteria

This study was a retrospective analysis of the Nation-
wide Inpatient Sample (NIS). The NIS is the largest na-
tional administrative database for all payer categories and 
represents a 20% stratified sample of US hospitals. Pa-
tients with an extraaxial intracranial hematoma from 1998 
to 2009 were identified using International Classification 
of Diseases, Ninth Revision (ICD-9) diagnosis codes: 
800.20–26,29; 800.70–76,79; 801.20–26,29; 852.20–26,29; 
852.30–36,39; 801.70–76,79; 803.20–26,29; 803.70–76,79; 
804.20–26,29; 804.70–76,79; 852.00–06,09; 852.10–16,19; 
852.40–46,49; and 852.50–56,59. Patients with vertebral 
fracture were identified using the following ICD-9 diagno-
sis codes: 733.13; 805.00–08; 805.10–18; 805.2–9; 806.00–
09; 806.10–19; 806.20–29; 806.30–39; 806.4–5; 806.8–9; 
806.60–62,69; and 806.70–72,79.

Patients were excluded from analysis if they received 
care at a facility in which the volume of either procedure 
was equal to zero within the year of admission (n = 13,511 
for extraaxial hematoma, n = 160,970 for spinal fracture). 
Patients coded as being transferred from another institu-
tion (n = 16,960 for extraaxial hematoma, n = 28,487 for 
spinal fracture) were also excluded, as were patients coded 
as receiving either procedure electively (n = 9021 for ex-
traaxial hematoma, n = 71,985 for spinal fracture).

outcome variables
The primary outcome of interest for this study was sur-

gical management during admission. For patients with an 
intracranial hematoma, craniotomy was defined using the 
ICD-9 procedure codes for incision of cerebral meninges 
(01.31), craniotomy (01.21, 01.24, and 01.25), and other 
cranial puncture (01.09). Spinal fusion and decompres-

sion were assessed using the ICD-9 codes 810.0–8, 845.1, 
816.2–4, 80.51, and 03.09. Secondary outcomes included 
risk-adjusted total charges, length of stay, and in-hospital 
mortality.

patient and hospital characteristics
Variables including insurance status, race, sex, hospital 

setting, location of hematoma (epidural or subdural/sub-
arachnoid), age, hospital volume, hospital geographic lo-
cation, and year were coded within the NIS. Patients were 
identified as insured if they were covered by private insur-
ance, Medicaid, or Medicare, according to their recorded 
insurance status. Likewise, uninsured patients were re-
corded as such within the NIS. Patients were placed into 
1 of 7 age categories: < 10, 10–17, 18–29, 30–49, 50–64, 
65–89, and 90+ years of age. The Charlson Comorbidity 
Index was calculated to assess patient comorbidities using 
the method established by Romano and colleagues.15

Patients were assessed based on whether they received 
care at a for-profit hospital versus a not-for-profit hospital, 
and whether their care was at an institution with a neuro-
surgical residency program. To control for differences in 
patient access to high-volume centers, annual volume at 
the admitting hospital was calculated and hospitals were 
divided into 1 of 3 groups: hospitals performing less than 
10 craniotomies per year, 10–49 per year, and more than 
50 per year.

Given previous studies demonstrating increased risks of 
mortality associated with loss of consciousness (LOC),4,16 
this variable was used as a surrogate for neurological se-
verity for patients with extraaxial hematoma. Patients were 
considered to have a prolonged LOC if they experienced 
LOC greater than 1 hour or LOC without return to base-
line status (information provided by the fifth digit in the 
ICD-9 code). Patients were classified as brief LOC if there 
was no LOC or if LOC was less than 1 hour with return 
to baseline. The ICD-based Injury Severity Score (ICISS) 
commonly used in trauma was employed as an additional 
measure of severity. The ICISS uses survival risk ratios to 
assess the effect of other presenting injuries on the likeli-
hood of survival.18 For both hematoma and vertebral frac-
ture we calculated this metric for each patient.

Mechanism of injury was also specified in the NIS via 
external cause of injury or “E” codes for patient admis-
sions starting in 2003. With this variable, patients were 
classified according to whether their injury was attribut-
ed to a fall, motor vehicle accident, or other/unspecified 
mechanism.

sensitivity and subset analysis
Two sensitivity analyses were performed. The first sen-

sitivity analysis repeated the initial multivariate model 
for operative management with the addition of a variable 
specifying the mechanism of injury (fall, motor vehicle 
accident, or other/unspecified). This variable was not in-
cluded in the first analysis because it was not available 
until 2003. This sensitivity analysis was conducted to de-
termine if results were confounded by etiology of trauma.

The second sensitivity analysis used a nearest-neighbor 
propensity score matched algorithm12 to validate the effect 
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of patient insurance status on the probability of operative 
management. This method allowed for “virtual random-
ization” between the insurance cohorts so that the cohorts 
were similar in terms of baseline likelihood of mortal-
ity.19 Propensity scores represent the predicted probability 
that a patient will experience an outcome of interest when 
risk-adjusted for available variables. For this sensitivity 
analysis, the outcome of interest was mortality. Propensity 
scores were generated for each patient using a multivariate 
logistic regression model adjusting for survival risk ratio, 
LOC, epidural versus subdural/subarachnoid hematoma, 
Charlson Index, teaching status of the treating institution, 
hospital for-profit status, hospital volume, hospital urban-
icity, hospital region, sex, age, race, and year of admission. 
Each uninsured patient was then matched to an insured 
patient with the nearest mortality propensity score. Rates 
of operative management were then compared between 
the matched cohorts.

Finally, the original multivariate analyses investigating 
the likelihood of operative management were repeated in 
subset populations. The subsets analyzed were white pa-
tients, black patients, patients with prolonged LOC (> 1 
hour), patients with brief LOC (< 1 hour), for-profit hos-
pitals, hospitals with a neurosurgical residency program, 
patients less than 18 years of age, patients between 18 and 
65 years of age, and patients greater than 65 years of age.

statistical analysis
Statistical analysis was performed using commercially 

available software (Stata/SE version 11.2, StataCorp LP). 
Multivariate analyses to determine the likelihood of re-
ceiving a neurosurgical operation were performed using 
multivariate logistic regression models, adjusting for in-
surance status, race, sex, age, survival risk ratio, hospital 
setting (for-profit, hospitals with neurosurgical residency 
programs), Charlson Comorbidity Index, hospital volume, 
geography, and year. Analysis of patients with extraaxial 
hematomas included an additional measure of severity as 
indexed by extent of LOC as described above. Matched 
propensity score analysis was completed using the PS-
MATCH2 software module for Stata.12 When multivariate 
analyses were conducted to determine risk-adjusted total 
charges, length of stay, and mortality rates, an additional 
covariate was added to control for whether the patient re-
ceived the operation of interest (i.e., craniotomy or spinal 
fusion). Statistical significance was established at the 5% 
significance level.

results
extraaxial hematoma

A total of 190,412 patients were diagnosed with a trau-
matic fracture associated with either an epidural or sub-
dural/subarachnoid intracranial hematoma (Table 1). Of 
these patients, 19.7% received a craniotomy. The overall 
mortality rate for patients was 13.1%. Most patients (89.1%) 
were insured. Most (71.6%) were white, with blacks and 
Hispanics comprising 9.6% and 11.7%, respectively. More 
men than women had this injury (63.2% vs 36.8% of total, 
respectively). Among the total cohort, the mean and me-
dian ages were 52.9 and 56 years, respectively. A minority 

of patients (19.8%) had a prolonged LOC (> 1 hr). A mi-
nority of patients (19.8%) was treated at a hospital with a 
neurosurgical residency program, and few (4.3%) received 
care at a for-profit institution. Few patients presented with 
an epidural hematoma without subdural or subarachnoid 
involvement (3.2%). The majority of patients (62.2%) were 
admitted at mid-volume centers performing 10–49 crani-
otomies per year.

Meaningful differences in patient characteristics were 
observed between insured and uninsured patients with 
extraaxial hematomas (Table 2). Notably, the median age 
of uninsured patients was significantly lower than that of 
insured patients (36 vs. 63 years, respectively; p < 0.0001). 
There was a significantly greater proportion of females 
among insured patients (42.3% vs 19.1%, respectively; p < 
0.0001). There was also a greater proportion of white pa-
tients within the insured cohort (74.8% vs 53.4%, respec-
tively; p < 0.0001). The proportion of black patients, by 
comparison, was significantly higher among uninsured pa-
tients (15.2% vs 8.8%, respectively; p < 0.0001). Insured pa-
tients had a significantly greater mean Charlson comorbid-
ity score than uninsured patients (0.71 vs 0.22, p < 0.0001).

On multivariate analysis uninsured patients were less 
likely than their insured counterparts to receive a crani-
otomy following an extraaxial hematoma (odds ratio [OR] 
0.76, p < 0.001; Table 3). Race and ethnicity also exhibited 
an independent effect on a patient’s likelihood of undergo-
ing operative management. Blacks (OR 1.19, p < 0.001) 
and Hispanics (OR 1.16, p < 0.001) were more likely to re-
ceive surgery relative to their white counterparts. Females 
were associated with a decreased likelihood of surgical 
management (OR 0.69, p < 0.001). There were also im-
portant differences between hospital settings. Hospitals 
with neurosurgical residency programs were less likely 
than those without residency programs to perform surgery 
(OR 0.84, p < 0.001). For-profit hospitals were more likely 
than nonprofit institutions to operate (OR 1.27, p < 0.001). 
Medium- (OR 1.27, p < 0.001) and high-volume centers 
(OR 1.27, p < 0.001) were more likely to operate than low-
volume facilities.

spinal vertebral Fracture
There were 477,110 patients with traumatic vertebral 

fracture between 1998 and 2009 (Table 1). Of the total 
cohort, 7.8% received a spinal decompression and/or fu-
sion procedure. The unadjusted mortality rate for verte-
bral fracture patients was 4.0%. The average and median 
ages were 63.9 and 72 years, respectively. Most patients 
(94.1%) were insured. Most patients were white (82.3%) 
and female (58.1%). A minority of patients received care at 
a facility with a neurosurgical residency program (12.9%) 
or for-profit institution (6.8%). Patients were most com-
monly admitted to mid-volume centers (42.0%).

There were significant differences in patient character-
istics between insured and uninsured patients (Table 2). 
Insured patients were associated with an older median 
age (75 vs 36, respectively; p < 0.0001). Among the in-
sured, there was a significantly greater proportion of fe-
males (62.2% vs 28.1%, respectively; p < 0.0001). Whites 
made up a greater proportion of insured patients (84.5% vs 
61.8%, respectively; p < 0.0001). The proportion of black 
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patients, by comparison, was significantly higher among 
the uninsured (13.2% vs 5.2%, respectively; p < 0.0001). 
Insured patients had a significantly greater mean Charl-
son comorbidity score (1.3 vs 0.4, respectively; p < 0.001). 
These differences were consistent with those observed in 
the extraaxial hematoma intracranial cohort.

On multivariate analysis of spinal fusion/decompres-
sion following vertebral fracture, similar trends to those 
established for extraaxial hematoma were noted (Table 3). 
Uninsured patients (OR 0.67, p < 0.001) were associated 
with decreased odds of surgical management relative to 
patients with insurance. Females, again, were less likely 
to receive an operation (OR 0.69, p < 0.001). Patients were 
also more likely to receive surgery when cared for at a for-
profit institution (OR 1.09, p = 0.016). Medium- (OR 2.22, 
p < 0.001) and high-volume centers (OR 2.74, p < 0.001) 
were associated with increased odds of operative manage-
ment relative to low-volume facilities. Operative manage-
ment in vertebral fracture differed from that in extraaxial 
hematoma with regard to race and neurosurgical residency 
status. With vertebral fracture, there was no difference in 
the likelihood of operative management between white 
and black patients. Hispanic patients were less likely to 
undergo spinal fusion (OR 0.90, p < 0.001). Hospitals 
with neurosurgical residency programs were more likely 
to perform surgery (OR 1.10, p < 0.001) relative to those 
without residency programs.

sensitivity and subset analyses
Sensitivity analysis was completed by adding mecha-

nism of injury as a covariate in the multivariate model 
used to assess the likelihood of operative management 

table 1. patient characteristics among patients with extraaxial 
hematoma and vertebral fracture from 1998 to 2009

Variable
Extraaxial 
Hematoma 

Vertebral  
Fracture 

Procedure (%)
  Nonoperative 152,978 (80.3) 439,808 (92.2)
  Operative 37,434 (19.7) 37,302 (7.8)
Insurance status (%)
  Insured 156,658 (89.1) 423,091 (94.1)
  Uninsured 19,121 (10.9) 26,602 (5.9)
Race (%)
  White 104,309 (71.6) 302,617 (82.3)
  Black 14,048 (9.6) 21,656 (5.9)
  Hispanic 17,090 (11.7) 26,173 (7.1)
  Asian or Pacific Islander 4227 (2.9) 7680 (2.1)
  Native American 880 (0.6) 1356 (0.4)
  Other 5214 (3.6) 8151 (2.2)
Sex (%)
  Male 119,949 (63.2) 199,495 (41.9)
  Female 69,829 (36.8) 276,973 (58.1)
Hospital Setting (%)
  Non-neurosurgical 

residency
152,760 (80.2) 415,484 (87.1)

  Neurosurgical residency  37,652 (19.8) 61,626 (12.9)
  Not for profit 182,286 (95.7) 444,845 (93.2)
  For profit  8126 (4.3) 32,265 (6.8)
Severity (%)
  Brief LOC 88,565  (80.2) NA
  Prolonged LOC 21,936 (19.8) NA
  Subdural/subarachnoid 184,338 (96.8) NA
  Epidural 6074 (3.2) NA
Mean age in yrs (median) 52.9 (56) 63.9 (72)
Charlson Comorbidity Index 

(%)
  0 127,777 (67.1) 244,859 (51.3)
 1 33,571 (17.6) 105,179 (22.1)
 2 15,432 (8.1) 56,632 (11.9)
 3 7438 (3.9) 27,422 (5.8)
 4 2831 (1.5) 11,811 (2.5)
  5 940 (0.5) 4765 (1.0)
  6+ 2423 (1.3) 26,442 (5.5)

Hospital craniotomy volume 
per year (%)
  <10 38,086 (20.0) 178,598 (37.4)
  10–49 118,042 (62.2) 200,281 (42.0)
  50+ 33,924 (17.8) 98,231 (20.6)

Geography (%)
  Northeast 36,203 (19.0) 83,516 (17.5)
  Midwest 38,575 (20.3) 105,567 (22.1)
  South 74,510 (39.1) 186,077 (39.0)
  West 41,124 (21.6) 101,950 (21.4)
  Urban  184,702 (97.0) 451,136 (94.6)

(continued)

table 1. patient characteristics among patients with extraaxial 
hematoma and vertebral fracture from 1998 to 2009 (continued)

Variable
Extraaxial 
Hematoma 

Vertebral  
Fracture 

Year (%)
  1998 10,187 (5.4) 30,678 (6.4)
  1999 11,196 (5.9) 31,673 (6.6)
  2000 10,936 (5.7) 29,763 (6.2)
  2001 10,901 (5.7) 31,917 (6.7)
  2002 13,162 (6.9) 36,748 (7.7)
  2003 15,422 (8.1) 38,797 (8.1)
  2004 17,847 (9.4) 41,982 (8.8)
  2005 16,645 (8.7) 42,612 (8.9)
  2006 19,377 (10.2) 45,595 (9.6)
  2007 19,701 (10.4) 45,253 (9.5)
  2008 21,482 (11.3) 52,113 (10.9)
  2009 23,556 (12.4) 49,979 (10.5)
Mean total charges in $ 

(median)
66,313 (31,949) 51,058 (24,577)

Mean length of stay in days 
(median)

8.4 (5.0) 7.53 (5.0)

Unadjusted mortality rate (%) 13.1 4.0

NA = not available.
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(results not shown). With the exception of 2 factors, all as-
sociations established in the original multivariate analyses 
were qualitatively similar despite controlling for mecha-
nism of injury. Hispanic ethnicity and for-profit hospital 
status in patients with spinal vertebral fractures were nota-
ble exceptions. Upon controlling for mechanism of injury, 
Hispanics were as likely as whites to receive an operation. 
Similarly, for-profit institutions were as likely as other 
hospitals to provide surgical management.

When the original multivariate analyses were repeated 
in subset populations, the results were not qualitatively 
different regardless of race, severity (for instances of ex-
traaxial hematoma), or hospital setting (Fig. 1). With the 
exception of patients over the age of 65 years, uninsured 
patients were always less likely to receive an operation 
than their insured counterparts. For both extraaxial hema-
toma and spinal vertebral fracture, the likelihood of op-

erative management for uninsured patients over the age of 
65 was not significantly different from that of their insured 
counterparts.

When uninsured and insured patients were matched on 
the basis of mortality propensity score, the results were 
qualitatively similar as in the original analysis. In the case 
of extraaxial hematoma, the uninsured were less likely 
than their insured counterparts to receive operative man-
agement (OR 0.74, p < 0.001). Uninsured patients with a 
vertebral fracture were also less likely than the insured to 
receive operative management (OR 0.83, p < 0.001).

secondary outcomes: risk adjusted mortality, charges, 
and length of stay

Differences in risk-adjusted mortality rates, total 
charges, and lengths of stay between insured and unin-
sured patients were analyzed (Fig. 2). For cases of extra-
axial hematoma, mortality was significantly higher among 
uninsured patients. Length of stay and total charges were 
significantly less for the uninsured. For spinal vertebral 
fracture, total charges were significantly greater among 
uninsured patients relative to insured patients. While sig-
nificant differences were also noted with regard to risk-
adjusted mortality and length of stay, these differences did 
not appear to be clinically meaningful.

discussion
In this study, we demonstrate by multivariate and pro-

pensity score matched analyses that the odds of receiving a 
neurosurgical operation following a traumatic extraaxial in-
tracranial hematoma or vertebral fracture are significantly 
less for uninsured patients relative to their insured counter-
parts. This observation was independent of other available 
variables including age, location of hematoma (epidural 
vs subdural/subarachnoid), ICISS, LOC, and mechanism 
of injury. The association between patient insurance status 
and likelihood of operative management was stable across 
multiple subset and sensitivity analyses and was consistent 
for two very different neurosurgical conditions. It is sig-
nificant that the observed discrepancies in care occurred 
during the course of an inpatient admission after access to 
a health care facility was already obtained. The observed 
results, therefore, may reflect decision making at the pro-
vider or administrator level rather than systemic level.

The findings of this report corroborate prior work dem-
onstrating that disparities exist at a larger magnitude for 
other, nontraumatic procedures within neurosurgery.2,5,6 
Results from this study also reinforce previous trauma re-
search documenting that the uninsured face disparities in 
access to procedures.10 While previous research has sug-
gested that physicians are less likely to withhold care from 
patients in medically urgent scenarios,7 the current study 
suggests that biases are not entirely eliminated under such 
conditions.

In this study the uninsured were associated with in-
creased risk-adjusted mortality rates in cases of extraaxial 
hematoma. However, disparities in risk-adjusted mortality 
did not appear to be clinically significant in the case of 
vertebral fracture. The latter result may simply reflect a 
lower baseline rate of mortality associated with vertebral 

table 2. patient characteristics by insurance status for both 
extraaxial hematoma and vertebral fracture

Characteristic Insured Uninsured p Value*

Extraaxial hematoma
  Black (%) 8.8 15.2 <0.0001
  White (%) 74.8 53.4 <0.0001
  Female (%) 42.3 19.1 <0.0001
  Mean age in yrs (median) 56 (63) 37 (36) <0.0001
  Age 65+ yrs (%) 49.0 5.1 <0.0001
  Age 18–64 yrs (%) 38.1 88.4 <0.0001
  Age <18 yrs (%) 12.9 6.5 <0.0001
  Mean Charlson Index 

(median)
0.71 (0) 0.22 (0) <0.0001

  Prolonged LOC (%) 18.6 27.8 <0.0001
  Epidural (%) 3.1 3.8 <0.0001
  Mean ICISS (median) 0.80 (0.79) 0.76 (0.73) <0.0001
  In-hospital mortality (%) 13.1 14.0 0.0003
  Length of stay (days) 8.5 7.2 <0.0001
  Operative rate (%) 20.3 14.8 <0.0001
  Average charges ($) 65,880 61,274 <0.0001
Vertebral fracture
  Black (%) 5.2 13.2 <0.0001
  White (%) 84.5 61.8 <0.0001
  Female (%) 62.2 28.1 <0.0001
  Mean age in yrs (median) 66 (75) 38 (36) <0.0001
  Age 65+ yrs (%) 65.3 5.4 <0.0001
  Age 18–64 yrs (%) 31.8 91.5 <0.0001
  Age <18 yrs (%) 2.9 3.0 0.3453
  Mean Charlson Comorbid-

ity Index (median)
1.3 (1) 0.4 (0) <0.0001

  Mean ICISS (median) 0.86 (0.83) 0.80 (0.73) <0.0001
  In-hospital mortality (%) 4.0 4.1 0.6497
  Length of stay (days) 7.5 7.4 0.9105
  Operative rate (%) 7.2 11.6 <0.0001
  Average charges ($) 48,949 62,416 <0.0001
*  Values in bold are statistically significant.
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table 3. results of multivariable logistic regression analysis for surgical management following extraaxial hematoma 
or vertebral fracture (1998–2009) 

Variable
Craniotomy Spinal Fusion

OR (95% CI) p Value* OR (95% CI) p Value*

Insurance Status
  Insured 1 [Reference] 1 [Reference]
  Uninsured 0.76 (0.71–0.82) <0.001 0.67 (0.64–0.71) <0.001
Race
  White 1 [Reference] 1 [Reference]
  Black 1.19 (1.10–1.25) <0.001 0.96 (0.90–1.01) 0.106
  Hispanic 1.16 (1.09–1.23) <0.001 0.90 (0.85–0.95) <0.001
  Asian or Pacific Islander 1.31 (1.19–1.45) <0.001 1.16 (1.04–1.29) 0.007
  Native American 1.09 (0.85–1.39) 0.486 1.09 (0.90–1.33) 0.360
  Other 1.08 (0.98–1.19) 0.123 1.05 (0.96–1.15) 0.273
Severity
  Survival risk ratio 3.10 (2.74–3.52) <0.001 2.87 (2.60–3.18) <0.001
  Brief LOC 1 [Reference]
  Prolonged LOC 2.91 (2.67–3.16) <0.001 N/A
  Subdural 1 [Reference]
  Epidural 2.14 (1.96–2.34) <0.001 N/A
Age (yrs)
  <10 1 [Reference] 1 [Reference]
  10.0–17 1.24 (1.11–1.38) <0.001 1.49 (1.19–1.87) <0.001
  18–29 1.14 (1.03–1.25) 0.009 1.73 (1.40–2.16) <0.001
  30–49 1.29 (1.18–1.41) <0.001 1.71 (1.37–2.12) <0.001
  50–64 1.56 (1.43–1.72) <0.001 1.31 (1.06–1.63) 0.014
  65–89 2.05 (1.90–2.23) <0.001 0.58 (0.46–0.72) <0.001
  90+ 1.20 (1.06–1.35) <0.001 0.13 (0.10–0.17) <0.001
Hospital setting
  Neurosurgical residency vs others 0.84 (0.80–0.89) <0.001 1.10 (1.05–1.14) <0.001
  For profit vs others 1.27 (1.18–1.38) <0.001 1.09 (1.02–1.17) 0.016
Female vs male sex 0.69 (0.66–0.71) <0.001 0.69 (0.67–0.71) <0.001
Charlson Comorbidity Index
  0 1 [Reference] 1 [Reference]
 1 1.14 (1.08–1.20) <0.001 0.94 (0.90–0.98) 0.006
 2 1.50 (1.41–1.60) <0.001 0.92 (0.86–0.98) 0.011
 3 1.57 (1.45–1.71) <0.001 0.79 (0.72–0.87) <0.001
 4 1.54 (1.35–1.76) <0.001 0.63 (0.54–0.74) <0.001
  5 1.46 (1.17–1.84) 0.001 0.59 (0.45–0.77) <0.001
  6 0.94 (0.80–1.09) 0.398 0.57 (0.49–0.68) <0.001
Hospital craniotomy volume/yr
  <10 1 [Reference] 1 [Reference]
  10–49 1.27 (1.21–1.34) <0.001 2.22 (2.12–2.33) <0.001
  50+ 1.27 (1.19–1.36) <0.001 2.74 (2.60–2.89) <0.001
Year
  1998 1 [Reference] 1 [Reference]
  1999 0.88 (0.80–0.97) 0.013 0.85 (0.79–0.93) <0.001
  2000 0.82 (0.74–0.91) <0.001 0.90 (0.83–0.98) 0.012
  2001 0.81 (0.74–0.90) <0.001 0.86 (0.79–0.93) <0.001
  2002 0.73 (0.66–0.80) <0.001 0.77 (0.71–0.84) <0.001
  2003 0.73 (0.67–0.81) <0.001 0.83 (0.77–0.89) <0.001

(continued)

J Neurosurg  Volume 123 • August 2015 411

Unauthenticated | Downloaded 05/23/23 11:16 PM UTC



b. a. mccutcheon et al.

fracture. Other outcomes such as postoperative functional 
status, however, may be more susceptible to disparities in 
treatment options and should thus be considered in future 
work.

For both extraaxial hematoma and vertebral fracture, 
surgical management was progressively less likely over 
time. This may reflect temporal changes in the indications 
for operative management. Alternatively, the observation 
period for this study occurred during a time in which the 
field of neurocritical care witnessed both advances in out-

comes and rapid growth beyond tertiary academic insti-
tutions.14 Such growth in neurocritical care may help to 
explain the observed decrease in operative management.

There was 1 patient cohort in which insurance status 
did not impact the likelihood of surgical management. In-
surance status was not associated with the likelihood of 
operative management in the subset of patients 65 years of 
age and older. This may reflect the fact that surgeons may 
be less willing to intervene in older patients regardless of 
insurance status.

table 3. results of multivariable logistic regression analysis for surgical management following extraaxial hematoma 
or vertebral fracture (1998–2009) (continued)

Variable
Craniotomy Spinal Fusion

OR (95% CI) p Value* OR (95% CI) p Value*

Year (continued)
  2004 0.65 (0.59–0.71) <0.001 0.74 (0.68–0.80) <0.001
  2005 0.64 (0.59–0.71) <0.001 0.77 (0.71–0.83) <0.001
  2006 0.59 (0.54–0.65) <0.001 0.75 (0.69–0.81) <0.001
  2007 0.60 (0.55–0.66) <0.001 0.77 (0.71–0.83) <0.001
  2008 0.54 (0.50–0.59) <0.001 0.73 (0.68–0.78) <0.001
  2009 0.53 (0.48–0.58) <0.001 0.77 (0.72–0.83) <0.001
Geography
  Northeast 1 [Reference] 1 [Reference]
  Midwest 1.10 (1.03–1.17) 0.003 1.17 (1.11–1.23) <0.001
  South 1.11 (1.06–1.17) <0.001 1.08 (1.03–1.13) 0.001
  West 1.32 (1.24–1.39) <0.001 1.26 (1.20–1.32) <0.001
  Urban vs rural 0.75 (0.67–0.84) <0.001 1.03 (0.95–1.12) 0.513

*  Values in bold are statistically significant.

Fig. 1. Subset analysis of ORs of receiving neurosurgery for uninsured patients relative to insured patients. With the exception of 
patients 65 years and older, uninsured patients were less likely to receive operative management in all cohorts. NS = neurosurgical.
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Females, like the uninsured, were also less likely to re-
ceive both a craniotomy and spinal fusion. Although the 
neurotrauma literature is limited in this regard, studies 
from other surgical fields demonstrate mixed results re-
garding sex disparities in surgical care. One study report-
ed that women have less access to transplant services.17 At 
least 1 other failed to identify disparities in the likelihood 
of operative versus nonoperative management in relation 
to patient sex status.1 Others have suggested better post-
surgical outcomes for women following traumatic care,13 
although it is unclear whether this benefit extends to neu-
rotrauma.

Our use of the NIS database for this 12-year study rep-
resents a particular strength of this report. The NIS affords 
greater generalizability than institutional chart reviews. 
The NIS also allows analysis to be conducted across mul-
tiple health care settings, geography, and time. By selecting 
two representative procedures such as craniotomy and spi-
nal fusion/decompression, these results are more likely to 
reflect a socioeconomic trend across the neurosurgical field 
that is not idiosyncratic to any one neurosurgical condition.

This study comes with all the attendant limitations at-
tributed to administrative data sets including inaccuracies 
in coding and reporting inconsistencies.21 However, inac-
curacies are not necessarily problematic so long as they 
are not biased or distributed unevenly between cohorts. 
This study is also limited in its ability to specify the rea-
son why the uninsured are less likely to receive operative 
management. Although we reason that the mechanism lies 
at the hospital level, it is unclear whether administrative 
policies, provider decisions, or other variables are at work.

The most notable limitation of this study is the absence 

of detailed clinical variables and imaging. Information re-
garding clot thickness, Glasgow Coma Scale score, midline 
shift, pupillary dilation, and intracranial pressure would 
be useful in determining whether operative management 
was indicated for patients with an intracranial hematoma.3 
Without this information it may be difficult to answer ques-
tions regarding the appropriateness of care. For example, 
the results of this study may be explained if the uninsured 
present with fewer indications for operative management. 
Conversely, insured patients may undergo nonindicated 
operations with greater frequency. The distinction between 
appropriate and inappropriate care, however, is ultimate-
ly determined by patient outcomes. In the case of extra-
axial hematoma, uninsured patients were associated with 
a higher risk-adjusted mortality relative to the insured. If 
operative management was indeed completed despite few 
indications in the insured, we would expect the opposite 
mortality trend. Likewise, if the uninsured presented with 
fewer indications for operative management, we would not 
expect them to be experiencing worse outcomes in terms 
of mortality after risk adjustment. The findings of this 
study are further corroborated by the fact that results were 
robust across multiple patient subsets for both extraaxial 
hematoma and spinal vertebral fracture. Taken together, 
these results suggest that the uninsured may be receiving 
less appropriate care than their insured counterparts.

This study attempted to address the issue of differences 
in clinical presentation between the insured and uninsured 
with multivariate analyses that controlled for a larger 
number of clinically relevant variables than is typically 
afforded to such large databases. Differences in clinical 
presentation were adjusted for using variables on the ex-
tent of LOC, epidural versus subdural/subarachnoid hem-
orrhage, survival risk ratio, patient age, and mechanism of 
injury, all of which provide some insight into the sever-
ity of injury or reflect information regarding the patient’s 
neurological status. Moreover, potential biases with regard 
to indications for operative management were further ad-
dressed by matching uninsured and insured patients on 
the basis of mortality propensity score. With matching, 
the two cohorts were “virtually randomized” to have simi-
lar likelihoods of mortality at baseline.19 In doing so, this 
study minimizes the potential confounding effect of un-
observed variables that both influence mortality and the 
patient’s likelihood of operative management.

conclusions
Even in traumatic scenarios, uninsured patients do not 

appear to receive surgical management at the same rate as 
their insured counterparts. Although disparities appear to 
be less than those observed in semi-elective neurosurgical 
conditions, they are not absent. This work should reinforce 
the need for policy makers, hospital administrators, and 
clinicians to develop solutions that seek to minimize dis-
parity in access to neurosurgical care, and should support 
efforts to maintain recent policies that have sought to ex-
pand access to insurance coverage. While the disparities 
literature often focuses on systemic issues of delayed ac-
cess to primary care, disparities that occur in the traumatic 
setting following admission to the hospital suggest provid-

Fig. 2. Risk-adjusted outcomes for patients with extraaxial intracranial 
hematoma and spinal vertebral fracture according to patient insurance 
status. All p values from comparisons between insured and uninsured 
patients were < 0.001.
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er-level or hospital-level biases. Provider-level or hospital-
level interventions may, therefore, be particularly useful 
in reducing this disparity. Further work will be needed to 
identify detailed mechanisms in which insurance biases 
arise to optimally design and implement interventions.
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