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Postoperative Mortality After Surgery
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in the United States
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Objective: To examine whether being uninsured is associated with higher in-hospital postoperative mortality
when undergoing surgery in the United States for a brain
tumor.
Design: Retrospective cohort study using the Nation-

wide Inpatient Sample, January 1, 1999, through December 31, 2008.
Setting: The Nationwide Inpatient Sample contains all
inpatient records from a stratified sample of 20% of hospitals in 37 states.
Patients: A total of 28 581 patients, aged 18 to 65 years,
who underwent craniotomy for a brain tumor. Three
groups were studied: Medicaid recipients and privately
insured and uninsured patients.
Main Outcome Measure: The main outcome mea-

sure was in-hospital postoperative death. Associations between this outcome and insurance status were examined within the full cohort and within the subset of
patients with no comorbidity using Cox proportional haz-
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ards models. These models were stratified by hospital to
control for any clustering effects that could arise from
differing access to care.
Results: In the unadjusted analysis, the mortality rate
for privately insured patients was 1.3% (95% CI, 1.1%1.4%) compared with 2.6% for uninsured patients (95%
CI, 1.9%-3.3%; P⬍ .001) and 2.3% for Medicaid recipients (95% CI, 1.8%-2.8%; P ⬍.001). After adjusting for
patient characteristics and stratifying by hospital in patients with no comorbidity, uninsured patients still had
a higher risk of experiencing in-hospital death (hazard
ratio, 2.62; 95% CI, 1.11-6.14; P=.03) compared with privately insured patients. In this adjusted analysis, the disparity was not conclusively present in Medicaid recipients (hazard ratio, 2.03; 95% CI, 0.97-4.23; P =.06).
Conclusions: Uninsured patients who underwent craniotomy for a brain tumor experienced the highest inhospital mortality. Differences in overall health do not
fully account for this disparity.
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NEQUALITIES IN HEALTH CARE CON-

tinue to be a matter of public concern. As new legislation is being
developed to improve health care
access in the United States, an examination of factors that give rise to differences in health outcomes would be especially informative. Insurance status may
be associated with differences in specialized medical and surgical care. For many
surgical procedures, including hypophysectomy,1 lung resection,2 coronary artery bypass,2 and gastrointestinal procedures,2,3 nonprivately insured patients fare
worse postoperatively than privately insured patients. The mechanisms responsible for insurance-related disparities have
not been identified, but public health efforts could be targeted more effectively if
more about them were known.
Limited research has examined insurance-related disparities in patients undergoing surgery for brain tumors. ApproxiARCH SURG/ VOL 147 (NO. 11), NOV 2012
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mately 612 000 people in the United States
have a diagnosis of a primary brain or central nervous system tumor.4 Malignant
brain tumors cause 13 000 deaths annually5 and have a 5-year survival rate of approximately 35%.6 Existing therapies only
modestly extend survival. Even small improvements on this prognosis might be
meaningful, regardless of whether they are
achieved by medical advances or nonclinical means, such as public health efforts.

See Invited Critique
at end of article
We hypothesized that after craniotomy for brain cancer, uninsured patients experience higher rates of inhospital death compared with privately
insured patients. To evaluate this hypothesis, we analyzed in-hospital mortality rates
in the Nationwide Inpatient Sample (NIS),
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A
452 965 Patients in the NIS diagnosed
as having brain tumor
(eTable 1)

88 165 Excluded patients who did
not have a craniotomy
(eTable 1)

364 800 Did not undergo a
craniotomy

56 689 Excluded patients who were
not aged 18 to 65 years

31 476 Not aged 18 to 65 years

49 231 Excluded patients with Medicare
or missing insurance status

5143 Medicare recipients
2315 Missing insurance status

28 581 Excluded records with missing
race, admission type, sex,
income, survival status, and/or
length of stay

20 650 Records with missing data
13 549 Missing race
6957 Missing admission type
233 Missing sex
1299 Missing income
56 Missing survival status
1 Missing length of stay

Full study cohort: patients with and
without comorbid medical conditions
(Table 1)

B
Full study cohort

10 689 Excluded patients with
comorbidity or missing
comorbidity data

Patients with no major medical
comorbidity

15 493 Elixhauser comorbidity
8525 1 Comorbidity
4243 2 Comorbidities
1804 3 Comorbidities
921 4 + Comorbidities
492 Missing comorbidity
data
6977 Patients with 198.3
diagnosis code for
secondary brain tumor

Figure 1. Flow of patients in the study. A, Derivation of the final study
cohort. A total of 78 210 598 patient records were available in the Nationwide
Inpatient Sample (NIS) database from 1999 to 2008. Of these, 28 581
patients underwent a craniotomy for a brain tumor; were 18 to 65 years of
age; had private insurance, Medicaid, or no insurance; and had no missing
data. B, For the subset analysis of patients with no major medical
comorbidity, 17 892 records were excluded because of the presence of a
comorbidity or missing comorbidity data, leaving 10 689 patients with no
major comorbid condition.

the largest all-payer inpatient database. Because any disparity could be attributed to baseline differences in overall health, we decided to include a subset analysis of patients with no major comorbidity. Furthermore, we
controlled for possible patient clustering effects that could
arise from differences in access to care.
METHODS

PATIENT POPULATION
This is a population-based, retrospective cohort study of patients hospitalized for surgical treatment of brain cancer in the
United States from January 1, 1999, through December 31, 2008.
The data source was the Agency for Healthcare Research and
Quality’s (AHRQ’s) NIS. The NIS contains all patient records
from a stratified sample of 20% of nonfederal short-term hospitals in 37 states. The sample is representative of hospitals in
these states along the parameters of region, urban vs rural locale, teaching status, bed size, and public ownership. The last

10 years of data were thought to be the most appropriate timeframe to analyze because they are most reflective of the current state of Medicaid recipients and the uninsured. Significant changes in the economy and government support programs
for the poor occurred during the mid-1990s, and these changes
could percolate into the ability to access health care through
mechanisms that are not identified or understood. This publicly available, deidentified database was exempt from review
by an institutional review board.

PATIENT SELECTION
Patients 18 to 65 years of age were included if they had a diagnosis consistent with a brain tumor per International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) codes; were admitted for a craniotomy per ICD-9-CM
procedural codes; and had private insurance, Medicaid, or no
insurance (eMethods 1.1 and eTable 1 [http://www.archsurg
.com], as well as Figure 1A). Patients older than 65 years were
not included because age-related factors in this population could
exert the dominant influence on postoperative prognosis. Patients younger than 18 years were not included because younger
patients are affected by different types of brain tumors than adults
(eMethods 1.2). Patients with Medicare were excluded because individuals younger than 65 years are not eligible for Medicare unless they are in a severe medical state. Eligibility for Medicare for individuals younger than 65 years is limited to those
who are permanently disabled (for ⬎2 years), have end-stage
renal disease, or have amyotrophic lateral sclerosis. Patients were
excluded if data on insurance type, race, admission type, sex,
income, length of stay, and/or survival status were missing
(eMethods 1.3 and eTable 2).

COVARIATES
The primary variable of interest was insurance status, classified
as private, Medicaid, or uninsured (eMethods 1.4). Patient characteristics that were studied included admission type, age, sex,
race, income, malignant vs benign tumor characteristics, and year.
Admission type was classified as emergent, urgent, or elective,
as defined by the AHRQ criteria. Race was assessed because prior
studies7-10 reported that African Americans have less access to
neuro-oncologic care and poorer neurosurgical outcomes. Race
was classified according to categories predefined by state inpatient databases from which the NIS derives. Available categories
were white, black, Hispanic, Asian/Pacific Islander, Native American, other, or unspecified. Patients classified as other or unspecified were not analyzed because it is difficult to infer the racial composition of this group. Income data from 1999 to 2002 were
supplied as a range and were merged into income quartile data
from 2003 to 2008 (eMethods 1.5).

ROLE OF COMORBID CONDITIONS
For each medical record, we determined whether a major medical comorbidity was present using the Elixhauser method.11 The
Elixhauser method is designed to minimize the possibility of
mislabeling as a comorbidity a condition that was, in reality,
related to the primary reason for the hospitalization (as reflected in the principal diagnosis), the severity of the principal
diagnosis, or a complication of care. For example, a patient who
was hospitalized for a kidney transplantation could not be assigned renal failure as a comorbidity under the Elixhauser
method because these 2 entities have a high likelihood of being
related. More important, an Elixhauser comorbidity must not
relate directly to the diagnosis-related group assigned to the
patient, thus maximizing the likelihood that the comorbidity
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is a discreet and separate condition from the primary diagnosis. The Elixhauser method has been shown to capture most
comorbid conditions experienced among surgical admissions
and may be superior to the Charlson/Deyo method when administrative databases are used to study surgical populations.12,13 Elixhauser comorbidities were determined for each
patient through an established series of algorithms that are available in software from the AHRQ.14
Comorbid medical conditions presented one possible confounding element because insurance companies may disproportionately enroll patients in good health (the insurance selection
bias), and simultaneously these patients are less prone to die of
their medical state than patients in poor health.15 It was problematic to control for the effects of comorbid disease statistically
for several reasons. First, the number of possible comorbidities
is large, even with Elixhauser classifications. Second, the interactions of these conditions are complex and probably lack consistency from patient to patient. Third, there is no information
on the severity of each comorbidity or how well it was managed.
Poor management of comorbid conditions (in particular, hyperglycemia) decreases survival of neurosurgical patients.16,17 For these
reasons, it was believed that any attempt to model comorbidity
would require strong assumptions, which are unlikely to hold and
whose violations could drastically influence any inference. Instead, an alternate approach was used to isolate the effects of insurance status from those of comorbid conditions.
We asked whether an insurance-related disparity observed in
the full patient cohort would also be present in a subset of patients in whom it is not likely for comorbidity to be a confounding factor: those with no known comorbid illness. The presence
of a disparity in this subset would argue against differences in baseline health as being the causal mechanism for differing outcomes. In addition, this subset would be relevant to study because, in practice, patients with a high disease burden (aside from
the intracranial disease) are often excluded from neurosurgical
consideration because of the added risks of operative intervention on an already precarious medical state. Therefore, the subset of patients with no Elixhauser comorbidity was isolated and
studied (eMethods 1.6 , eTable 3 , and Figure 1B).

Table 1. Characteristics of the Full Study Cohort,
by Insurance Status a

Characteristic
Insurance
Private
Medicaid
Uninsured
Admission type
Emergent
Urgent
Elective
Age
Mean (SD), y
Median age, y
18-44 Years old
45-65 Years old
Sex
Male
Female
Race
White
Black
Hispanic
Asian/Pacific Islander
Native American
Median income quartile
1 (lowest)
2
3
4 (highest)
Tumor
Nonmalignant
Malignant
Region
South
Northeast
Midwest
West
Hospital size
Large
Medium
Small
Hospital location
Rural
Urban
Hospital teaching status
Nonteaching
Teaching

STATISTICAL ANALYSIS
The outcome of interest was in-hospital death. Results were reported as odds ratios or hazard ratios (HRs), comparing nonprivately insured groups (Medicaid recipients and uninsured patients) and privately insured patients. An unadjusted logistic
regression was performed first on the full cohort and next on the
subset of patients with no comorbidity. Subsequently, an adjusted analysis was performed on the subset of patients with no
comorbidity. A Cox proportional hazards model was used because time to event (death or discharge) can be derived from the
length of the hospitalization (eMethods 1.7). The model was stratified by hospital and adjusted for admission type, age, sex, race,
income, malignant vs benign tumor characteristics, and year. All
tests were 2-sided, with a type I error rate set to .05. Models were
checked via visual inspection and statistical tests for proportionality based on Schoenfeld residuals.18 R (version 2.12.0, The R
Project) was used for statistical analysis.
RESULTS

STUDY COHORT
The full study cohort was composed of 28 581 patients,
of whom 23 051 (80.7%) had private insurance, 3685
(12.9%) had Medicaid, and 1845 (6.5%) were unin-

Final Cohort
Private
Medicaid Uninsured
(N = 28 581) (n = 23 051) (n = 3685) (n = 1845)
80.7
12.9
6.5
26.8
14.7
58.5

23.2
14.1
62.7

40.4
16.4
43.2

44.4
18.2
37.4

48.5 (11.2)
51
32.2
67.8

49.0 (10.9) 45.4 (12.1) 47.6 (11.6)
51
47
49
30.2
43.8
34.2
69.8
56.2
65.8

46.6
53.4

46.5
53.5

44.6
55.4

50.8
49.2

82.0
9.1
7.0
1.6
0.4

86.6
7.2
4.6
1.4
0.4

62.6
18.6
15.9
2.2
0.8

63.7
14.0
19.2
2.7
0.4

16.2
23.6
26.4
33.8

12.8
22.1
27.2
38.0

32.5
30.3
22.5
14.8

26.1
29.0
24.8
20.0

29.0
71.0

29.4
70.6

26.3
73.7

28.8
71.2

46.7
29.3
16.7
7.2

44.4
30.5
17.8
7.4

49.8
28.4
14.2
7.6

70.6
16.2
8.4
4.9

78.3
16.6
5.1

78.7
16.0
5.3

78.4
18.2
3.4

73.4
20.5
6.1

2.2
97.8

2.1
97.9

2.2
97.8

2.5
97.5

20.9
79.1

20.6
79.4

20.5
79.5

25.2
74.8

a Data are presented as percentage of study participants unless otherwise
indicated.

sured (Figure 1A and Table 1). The mean age of all patients was 48.5 years, with privately insured patients having a mean age of 49.0 years, Medicaid recipients having
a mean age of 45 years, and uninsured patients having a
mean age of 48 years. Almost half of the patients were
male (13 305 [46.6%]). Most patients were white (23 431
[82.0%]), followed by African American (2595 [9.1%]),
Hispanic (1990 [7.0%]), Asian/Pacific Islander (445
[1.6%]), and Native American (120 [0.4%]), a distribution similar to the US population from US Census data.19
A total of 79.1% of cases took place in teaching hospitals. All baseline characteristics differed significantly by
insurance type because even small differences in these
categories could be detected statistically because of the
large number of patients. Baseline characteristics of the
full cohort were similar to those of the subset with no
comorbidity (Table 2 and Figure 2). A slightly higher
percentage of the latter was insured privately (83.0%)
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Table 2. Characteristics of the Subset of Patients With No
Comorbidity, by Insurance Status a

Characteristic
Insurance
Private
Medicaid
Uninsured
Admission type
Emergent
Urgent
Elective
Age
Mean, y
Median, y
18-44 Years old
45-65 Years old
Sex
Male
Female
Race
White
Black
Hispanic
Asian/Pacific Islander
Native American
Median income quartile
1 (lowest)
2
3
4 (highest)
Tumor
Nonmalignant
Malignant
Region
South
Northeast
Midwest
West
Hospital size
Large
Medium
Small
Hospital location
Rural
Urban
Hospital teaching status
Nonteaching
Teaching

Final Cohort Private
Medicaid Uninsured
(N = 10 689) (n = 8866) (n = 1145) (n = 678)
83.0
10.7
6.3
21.1
13.0
65.9

18.2
12.6
69.2

32.8
14.7
52.5

39.2
16.2
44.5

44.0
45
48.4
51.6

44.8
46
45.5
54.5

39.0
38
66.7
33.3

41.9
42.5
55.0
45.0

49.6
50.4

49.6
50.4

47.8
52.2

53.0
47.0

83.4
6.4
7.9
1.9
0.4

87.5
5.1
5.4
1.6
0.4

63.7
13.7
18.6
3.1
0.9

62.7
10.5
22.9
3.8
0.2

13.4
23.0
26.4
37.1

11.0
21.4
26.9
40.7

26.9
33.0
23.1
17.0

22.3
27.6
26.4
23.8

34.6
65.4

34.9
65.1

31.6
68.4

34.7
65.3

45.3
28.9
18.0
7.8

43.3
29.7
19.1
7.9

47.2
29.8
14.7
8.4

68.6
17.0
9.1
5.3

79.2
15.9
5.0

79.5
15.3
5.2

78.0
19.3
2.7

76.6
17.3
6.2

2.2
97.8

2.2
97.8

2.4
97.6

2.4
97.6

17.9
82.1

17.6
82.4

17.9
82.1

22.1
77.9

a Data are presented as percentage of study participants unless otherwise
indicated.

compared with the full cohort (80.7%). In addition, the
mean age of this subset was approximately 5 years younger
than the full patient cohort because comorbidity becomes more likely with age.
UNIVARIATE ANALYSES
OF POSTOPERATIVE OUTCOMES
In the unadjusted analysis of the full study cohort, lack of
insurance and Medicaid receipt were associated with higher
in-hospital postoperative mortality compared with private insurance (Table 3). The in-hospital mortality rate
for privately insured patients was 1.3% (n = 295; 95% CI,
1.1%-1.4%) compared with 2.6% for uninsured patients
(n = 48; 95% CI, 1.9%-3.3%; P ⬍ .001) and 2.3% for Medicaid recipients (n = 86; 95% CI, 1.8%-2.8%; P ⬍ .001). The
overall in-hospital mortality rate of this subset was 1.5%
(95% CI, 1.4%-1.6%; n = 429 patient deaths).

This insurance-related disparity was also present in
the subset of patients with no known comorbid illness
(Table 3). The mortality rate for privately insured patients was 0.7% (n = 65; 95% CI, 0.6%-0.9%) compared
with 1.8% for uninsured patients (n = 12; 95% CI, 0.8%2.8%; P = .005) and 1.6% for Medicaid recipients (n = 18;
95% CI, 0.8%-2.3%; P = .004). The overall in-hospital
mortality rate of this subset was 0.9% (95% CI, 0.7%1.1%; n = 95 patient deaths).
In the full patient cohort, other factors were also associated with in-hospital postoperative mortality, including
admission type, age, sex, race, malignant vs benign tumor
characteristics, hospital size, and hospital teaching status.
However, in the subset of patients with no comorbid disease, only admission type, age, race, and malignant vs benign tumor characteristics continued to be associated with
in-hospital postoperative mortality (Table 3). Patients admitted nonelectively experienced higher in-hospital mortality rates compared with elective admissions (1.4% for
urgent and 1.9% for emergent admissions vs 0.5% for elective admissions, P ⬍ .001). Race was also associated with
in-hospital mortality (P ⬍ .001). Whites experienced a 0.7%
mortality, whereas Hispanics and blacks experienced 1.3%
and 2.0% mortality, respectively. In addition, an association was found between malignant tumors and postoperative death (P = .001).
MULTIVARIATE ANALYSIS
OF POSTOPERATIVE OUTCOMES
IN PATIENTS WITH NO COMORBIDITY
The subset of patients with no comorbidity was further
examined to determine whether insurance-related disparities would be present in a multivariate analysis. With
the use of a Cox proportional hazards model, controlling for patient demographics, admission type, malignant vs benign tumor characteristics, and year and after
stratification by hospital, uninsured status was still associated with higher in-hospital mortality rates than private insurance, with an adjusted HR of 2.62 (95% CI, 1.116.14) (Table 4). In the adjusted analysis, Medicaid receipt
was not definitively associated with higher in-hospital
mortality compared with private insurance. The Medicaid adjusted HR was 2.03 (95% CI, 0.97-4.23) (Table 4).
A post hoc subset analysis was performed on patients
with no comorbidity in teaching hospitals. Teaching hospitals account for 79.1% of neurosurgical procedures and
provide training for future generations of medical and
surgical physicians. Within teaching hospitals, uninsured patients still experienced higher in-hospital mortality than privately insured patients (adjusted HR, 3.55;
95% CI, 1.41-8.95). However, Medicaid receipt was not
associated with higher in-hospital mortality (adjusted HR,
1.63; 95% CI, 0.69-3.85). Nonteaching hospitals could
not be analyzed reliably because they represented such
a small portion of the sample size.
COMMENT

Among patients with brain tumors with no other major
medical condition, uninsured patients (but not neces-

ARCH SURG/ VOL 147 (NO. 11), NOV 2012
1020

WWW.ARCHSURG.COM

©2012 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 07/30/2015

100
No comorbidity

All patients

Patients, %

80
60
40

West

Midwest

Northeast

South

Nonmalignant tumor

Native American

Black

Hispanic

White

Male sex

45-65

18-44

Urgent

Asian/ Pacific Islander

l
ita

sp

ho

ale

c
lo

g
in

n

ch

a
Te

ba
Ur

all
Sm
m
iu
ed
M
e
rg

Income Quartile

La

d
3r

h
4t

t

Age, y

d
2n

Admission
Type

1s

Elective

0

Emergent

20

Hospital Region

Hospital Size

Race

Figure 2. Baseline characteristics for all neurosurgical patients vs those with no comorbid disease. By selecting patients with no comorbidity, there is minimal
inadvertent selection for other characteristics. Patients with no comorbidity have similar baseline characteristics compared with all neurosurgical patients. The
main exception was age, which was approximately 5 years younger in patients with no comorbidity compared with the full patient cohort and was among the
variables adjusted for in the final analysis.

sarily Medicaid recipients) have higher in-hospital mortality than privately insured patients, a disparity that was
pronounced in teaching hospitals. These findings further reinforce prior data indicating insurance-related disparities in medical and surgical settings.2,20-22
These insurance-related disparities might be explained by 1 of 3 possible mechanisms. Insurance status
could influence health outcomes by affecting (1) a patient’s overall state of health,20 (2) the ability to access
care (affecting the acuity of disease presentation),23-26 or
(3) the quality of treatment that is provided.27,28 With regard to the first possibility, we tried to control for the
effects of comorbid disease as best as possible by studying the subset of patients with no recorded comorbidity. However, the reliability of comorbidity data for uninsured patients remains questionable. Uninsured patients
are less likely to see a physician regularly, and there is
probably a tendency for medical conditions to be undiagnosed in this group. These data may be problematic
because hospital records often depend on what patients
know and say when asked about their medical history.
Furthermore, diagnosing some comorbidities in the acute
care setting is not always straightforward; for example,
high-dose corticosteroids interfere with blood glucose levels, and blood pressure values are routinely labile after
craniotomy. With regard to the second possibility, there
is no direct measure of disease severity in the NIS, but
there was an indirect indication that uninsured patients
may present with more advanced stages of brain cancer.
Uninsured patients tended to undergo biopsy procedures more often than privately insured patients or Medicaid recipients (eMethods 1.8 and eTable 4). This finding may give some insight about disease progression
because biopsy without surgery may be reserved for larger,
more invasive tumors, particularly eloquent cortex, in
sicker patients. This finding is reflected in a higher mortality rate in patients who undergo biopsy procedures
alone (eMethods 1.8 and eTable 4). Third, it is possible
that hospitals provide different care to uninsured patients, but our study does not prove this, and the avail-

able data do not support unambiguous conclusions or
policy statements in this regard. We think it is important to mention this possibility because it might prompt
health care professionals to reflect on this question of the
quality of care that we provide to our patients.29
The phenomenon of statistical clustering is unlikely
to explain the insurance-related disparity observed in this
study. A disparity may seem to be present if patients with
a certain insurance status disproportionately seek care
at hospitals that have poor overall outcomes (which arise
independently of factors related to the insurance status
of their patients). Alternatively, both the diagnosis of an
operative brain tumor and lack of insurance could make
it far more likely that a patient will be transferred to a
tertiary care center, which may skew the population being
cared for at teaching hospitals. This possible clustering
effect, in which both the exposure (insurance type) and
outcome of interest (in-hospital mortality) are associated with the same hospital type, may result in statistical confounding.30,31 A difference in outcomes that arises
only from such clustering effects would not be genuine
evidence of unequal care, although it may indicate variations in hospital choice or impaired access to highquality institutions. To minimize the possibility of confounding by clustering, we used a model that was stratified
by hospital. In this model, the insurance-related disparity was still present, suggesting that clustering did not
account for the disparity.
Putting our results in context with data from other
medical specialties, there are several points to be made.
First, insurance-related disparities are not unique to the
field of neurosurgery. Uninsured patients fare worse than
privately insured patients in the settings of critical illness 32 (higher chance of having life support withdrawn), ischemic or hemorrhagic stroke21,33 (higher mortality and neurologic impairment), myocardial infarction21
(higher mortality), and physical trauma (higher
mortality).34,35 However, it is not clear that enrolling in
a state-funded health plan would help the uninsured because Medicaid recipients also seem to experience a simi-
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Table 3. Unadjusted Outcomes After Surgery for Brain Tumors
All Patients
Characteristic
Overall
Insurance
Private
Medicaid
Uninsured
Admission type
Emergent
Urgent
Elective
Age, y
18-44
45-65
Sex
Male
Female
Race
White
Black
Hispanic
Asian/Pacific Islander
Native American
Median income quartile
1 (lowest)
2
3
4 (highest)
Tumor
Nonmalignant
Malignant
Region
South
Northeast
Midwest
West
Hospital size
Large
Medium
Small
Hospital location
Rural
Urban
Hospital teaching status
Nonteaching
Teaching

No. (In-Hospital Mortality, %)

Patients With No Comorbidity
P Value

No. (In-Hospital Mortality, %)

28 581 (1.5)

P Value

10 689 (0.9)

23 051 (1.3)
3685 (2.3)
1845 (2.6)

⬍.001

8866 (0.7)
1145 (1.6)
678 (1.8)

.001

7650 (2.7)
4199 (2.2)
16 732 (0.8)

⬍.001

2258 (1.9)
1391 (1.4)
7040 (0.5)

⬍.001

9207 (1.2)
19 374 (1.6)

.002

5174 (0.7)
5515 (1.2)

.04

13 305 (1.8)
15 276 (1.3)

.001

5307 (1.0)
5382 (0.7)

.11

23 431 (1.4)
2595 (2.2)
1990 (2.0)
445 (2.0)
120 (0.8)

.002

8913 (0.7)
683 (2.0)
846 (1.3)
205 (2.4)
42 (0)

⬍.001

.12

1437 (1.0)
2459 (1.2)
2826 (0.7)
3967 (0.8)

.15

8286 (0.8)
20 295 (1.8)

⬍.001

3694 (0.5)
6995 (1.1)

.001

13 360 (1.6)
8374 (1.4)
4775 (1.5)
2072 (1.2)

.39

4843 (1.0)
3091 (0.8)
1925 (0.8)
830 (0.6)

.49

22 391 (1.4)
4741 (2.0)
1449 (1.1)

.003

8460 (0.8)
1697 (1.2)
532 (0.9)

.37

621 (1.1)
27 960 (1.5)

.44

236 (0.8)
10 453 (0.9)

.94

5962 (1.9)
22 619 (1.4)

.005

1911 (1.0)
8778 (0.8)

.42

4618 (1.9)
6739 (1.5)
7560 (1.4)
9664 (1.4)

lar disparity in other settings, including pneumonia,21 appendicitis,36,37 abdominal aortic aneurysm repair,38,39 limbthreatening ischemia, 39 and surgery for colorectal
carcinoma.3 Of note, this Medicaid disparity was also present in our full cohort but was not convincingly present
in the adjusted analysis of patients with no comorbid disease, especially in teaching hospitals. This observation
led us to wonder whether differences in baseline health
contribute to the Medicaid disparity and, moreover, what
would have happened if prior studies had analyzed patients with no comorbidity separately. Finally, there is
the question of a disparity’s effect size. With the advanced state of modern medicine, catastrophic outcomes are infrequent. In this setting, many of the high
HRs reported in past studies and in this study originate
from small absolute percentage differences. Although pro-

fessional ethics compel us to be concerned with all inequalities, the question is whether correcting small effect size disparities should take priority over other
promising strategies for improving public health.
Uninsured patients are a heterogeneous group and
should not necessarily be thought of as being poor. Uninsured patients usually fall into one of several categories: (1) poor and/or unemployed people who cannot afford insurance; (2) individuals who qualify for Medicaid
but have not yet signed up for it; (3) young, healthy individuals who choose to forgo insurance; or (4) selfemployed people at a broad range of incomes who are
deterred by the high cost of individual insurance. This
last group of patients is probably not small, as reflected
by the fact that 1 of 5 uninsured patients in our study
were in the highest income quartile. In addition, state-
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Table 4. In-Hospital Mortality After Surgery for a Brain Tumor
Unadjusted Outcomes, OR (95% CI)

Covariate
Insurance type (vs private)
Medicaid
Uninsured
Admission type (vs emergent)
Urgent
Elective
Age
Female vs male
Race (vs white)
Black
Others
Income quartile
Malignant tumor (vs benign)
Year

Adjusted Outcomes, HR (95% CI)

All Patients
(N = 28 581)

Patients With
No Comorbidity
(n = 10 689)

Patients With
No Comorbidity
(n = 10 689)

Patients With
No Comorbidity
in Teaching Hospitals
(n = 8778)

1.84 (1.45-2.35) a
2.06 (1.51-2.81) c

2.16 (1.28-3.66) b
2.44 (1.31-4.54) d

2.03 (0.97-4.23)
2.62 (1.11-6.14) e

1.63 (0.69-3.85)
3.55 (1.41-8.95) f

0.66 (0.30-1.43)
0.69 (0.37-1.26)
1.01 (0.99-1.03)
0.88 (0.53-1.47)

0.51 (0.21-1.25)
0.60 (0.29-1.23)
1.00 (0.98-1.03)
0.97 (0.55-1.71)

1.12 (0.44-2.87)
0.83 (0.35-1.95)
0.97 (0.73-1.28)
1.32 (0.70-2.48)
0.99 (0.89-1.11)

0.80 (0.27-2.38)
1.01 (0.39-2.56)
0.99 (0.72-1.35)
1.22 (0.61-2.42)
0.99 (0.87-1.12)

Abbreviations: HR, hazard ratio; OR, odds ratio.
a P ⬍ .001 (all P values are compared with patients with private insurance).
b P = .004.
c P ⬍ .001.
d P = .005.
e P = .03.
f P = .002.

specific policies and procedures may give rise to regional variations in the demographics of the uninsured.
Some states in the South make it extremely hard to enroll in Medicaid, and 70.6% of this study’s uninsured patients came from the South. In contrast, Massachusetts
has a universal insurance law that covers almost everyone except for a few mostly affluent, self-employed people
who choose to pay a fine for not enrolling. These variations in patient demographic characteristics underscore
the need for adjusting for socioeconomic variables, such
as income status and geographic location, in studies of
the uninsured.
For this study, a retrospective analysis performed with
the NIS database was the best available design. The NIS
presented several advantages over other data sources. Its
massive size was critical for a study of rare outcomes, such
as in-hospital mortality. It is the only database with information on all patients regardless of payer, including
those with no payer.40 The NIS is amenable to statistical
analyses that are stratified at the hospital level because
its sampling method is based at the hospital level (not
the patient level). Finally, the possibilities for a prospective design were limited by the low overall incidence of
surgically resectable brain tumors, the rarity of inhospital mortality as an outcome, and the difficulty of
obtaining a representative sample of the entire country.
There are 4 limitations that could not be overcome. First,
Medicaid and privately insured groups are heterogeneous in terms of what medical procedures they cover.
Medicaid coverage varies by state, and private insurance varies by plan. Even some privately insured patients may not have adequate coverage for major surgery. Second, the patient follow-up interval was confined
to the time between admission and discharge, although

deaths that occurred immediately after discharge would
also have reflected the quality of postoperative care. Third,
no detailed information is recorded for tumor histologic
type, anatomical location, grade, or stage, although such
factors are related to treatment choice and mortality risk.
Fourth, uninsured patients sometimes enroll in Medicaid during their hospitalization, and the rates at which
this occurs may vary by state. The NIS classifies them as
Medicaid recipients, although the more appropriate classification may be uninsured. It is difficult to separate these
patients from other Medicaid recipients (eMethods 1.9
and eFigure).
Uninsured patients undergoing craniotomy for a brain
tumor experience worse outcomes than privately insured patients, and this difference is pronounced in teaching hospitals. This variation in postoperative outcomes
remains unexplained by hospital characteristics, including clustering effects, comorbid disease, or socioeconomic variations. This study did not exclude the possibilities that comorbid conditions are underdiagnosed in
uninsured patients or that uninsured patients are presenting with more advanced stages of disease.
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Correspondence: Alfredo Quiñones-Hinojosa, MD, Department of Neurosurgery, Johns Hopkins University
School of Medicine, 600 N Wolfe St, Baltimore, MD 21287
(aquinon2@jhmi.edu).
Author Contributions: Study concept and design: Momin,
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