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INTRODUCTION

EECCICIER  Racial differences in American patients undergoing brain tumour surgery remain
poorly characterized within urban medical centres. Our objective was to assess racial differences in
operative brain tumour patients at a single academic hospital in Los Angeles, California.

PETEEE  We reviewed medical records of adult patients undergoing craniotomy for tumour re-
section from March 2013 to January 2017 at UCLA Medical Centre. Patients were categorized as
Asian, Hispanic, Black, or White. Racial cohorts were matched on demographic variables for compari-
sons. Our primary outcome was post-operative length of stay (LOS). Secondary outcomes included
hospital mortality and discharge disposition.

TS I this study, 462 patients identified as Asian (15.1%), Hispanic (8.7%), Black (3.9%),
or White (72.3%). After cohort matching, non-White patients had elevated risk of prolonged LOS [odds
ratio (OR)=2.62 (1.44, 4.76)]. No differences were observed in hospital mortality or non-routine dis-
charge. Longer LOS was positively correlated with non-routine discharge [r» (458)=0.41, p<0.001].
Black patients with government insurance had average LOS 2.84 days shorter than Black patients
with private insurance (p=0.04). Among Hispanics, government insurance was associated with non-
routine discharge [OR=4.93 (1.03, 24.00)].

Racial differences manifested as extended LOS for non-White patients, with compa-
rable rates of hospital mortality and non-routine discharge across races. Prolonged LOS loosely re-
flected complicated clinical course with greater risk of adverse discharge disposition. Private insurance
coverage predicted markedly lower risk of non-routine discharge for Hispanic patients, and LOS of
three additional days among Black patients. Further research is needed to elucidate the basis of these
differences.

Key Words Brain neoplasms; Craniotomy; Socioeconomic factors; Racial factors.

of morbidity and mortality compared to White patients even
after controlling for differences in socioeconomic status, edu-

Racial differences in health care outcomes among patients in
the United States continue to be revealed in the literature [1-12].
It has been shown that minority patients have greater burdens
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cation, and treatment [6-8,13-23]. Some studies attribute the
origin of these differences to increased comorbidities in minor-
ity patients [24-28], while others describe decreased access to
care, disparate health care networks, distrust in the medical es-
tablishment, and doctor-centred biases as contributing to health
care inequities [6,22,29-31].

Recent studies have focused on racial differences among
Black patients diagnosed with brain tumours, but less work has
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been done with respect to other vulnerable populations. Asian
and Hispanic people comprise a large subset of patients in many
urban academic medical centres, yet have received less atten-
tion [6,7]. Moreover, previous research investigating racial dif-
ferences in brain tumour patients has relied heavily on the use
of national databases and multicentre survey studies [5,7,8,22,23].
Although helpful, the clinical granularity of such studies is lim-
ited. To our knowledge, the results of those studies have not
been validated at the institutional level.

Here, we investigate outcomes of adult brain tumour patients
who underwent craniotomy for tumour resection at a large ac-
ademic medical centre in Los Angeles, California between
March 2013 and January 2017. We chose hospital stay as our
primary outcome measure. We also reviewed hospital mortali-
ty, discharge disposition, and delivery of adjuvant therapies at
our institution (chemotherapy and radiotherapy). We assessed
racial differences in these clinical measures across all patients,
and again after identifying racial sub-cohorts matched on de-
mographic and socioeconomic variables. We hypothesized that
racial differences exist at the institutional level among adult pa-
tients undergoing brain tumour surgery, which may manifest
as differences in length of stay (LOS) or rates of non-routine
discharge.

MATERIALS AND METHODS

Study design and selection of patients

We conducted a retrospective cross-sectional study that in-
cluded adult patients (18 years or older) who underwent crani-
otomy for brain tumour resection at a single academic medical
centre in Los Angeles, California from March 2013 to January
2017. Patients were selected using International Classification
of Diseases, 9th and 10th Revision and Current Procedural
Terminology, version 4 codes. Informed consent was obtained
from all individual participants included in the study. The study
had prior approval from our institutional review board and
ethics committee before data collection was initiated (IRB ap-
proval number 17-000579).

Data collection

Medical records were reviewed to identify race and to eval-
uate clinical variables of interest. Demographics (age, sex, race,
Los Angeles County resident status, median income by zip code,
and insurance status) and brain tumour pathologic diagnoses
were also collected. We categorized patients into four major
racial groups based on self-identification: Asian, Hispanic,
Black, and White. Those patients whose race was reported as
other, unknown, or those who refused to identify with a race
were excluded. Median incomes were determined using the
website https://www.incomebyzipcode.com. Insurance status
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was defined as government (including Medicaid, Medicare, or
Tricare for U.S. military veterans) or nongovernment (i.e.,
private insurance or self-pay).

Outcomes

The primary outcome was hospital length of stay (LOS). Sec-
ondary outcome measures were hospital mortality, discharge
disposition, and access to adjuvant therapies including chemo-
therapy and radiotherapy. LOS was also dichotomized and
analysed as a categorical dependent variable where a prolonged
LOS was defined as LOS greater than 7 days. Hospital mortal-
ity was defined as death occurring during hospitalization for
brain tumour surgery. Discharge disposition was categorized
as routine (to home) or non-routine (other than to home). Ac-
cess to adjuvant therapies was determined through review of
the medical records; only chemotherapy and/or radiotherapy
for the brain tumour were considered.

Statistical analysis

We performed standard univariate analyses to compare out-
comes of Asian, Hispanic, and Black patients to White patients.
We performed additional comparisons stratified by specific
brain tumour pathologies (meningioma and glioblastoma) with-
in each of the four racial groups. Group-wise differences in
continuous measures were identified using two-sample ¢ tests.
Variances were pooled between samples. However, if a viola-
tion of equal sample variances was detected based on Folded
F tests, Satterthwaite’s approximation for degrees of freedom
was used to compute the p value. Statistical significance was
determined a priori at an alpha level of 0.05.

Pearson (r) and point-biserial correlations (r,;) were per-
formed to test for linear relationships between continuous/con-
tinuous and continuous/dichotomous variable pairs, respec-
tively. We used the Mantel-Haenszel method [32] to test for
bivariate associations between binary outcomes. Group-wise
differences in binary measures were also analysed using odds
ratio (OR), with 95% confidence interval (CI) for contingency
tables evaluated using Fisher’s exact tests. The above analyses
were performed using SAS Studio (Cary, NC, USA).

Matched cohort analysis

We performed a secondary analysis with 1:1 matched co-
horts, which matched Asian, Hispanic, and Black patients to
White patients according to age, sex, Los Angeles County
resident status, median income by zip code, and insurance
status to isolate the effects of race on the outcomes of inter-
est. This procedure was carried out through propensity score
matching using the nearest neighbour approach [33] and
was implemented using the “MatchlIt” package in R (Univer-
sity of Auckland, Auckland, New Zealand).
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RESULTS

Study population

A total of 517 adult patients were eligible. Of those, 55 pa-
tients who reported race as “other” or declined to identify with
a race were excluded, leaving 462 patients who self-identified
with a race and were included in the analysis. The study popu-
lation included 70 patients who identified as Asian (15.1%), 40
Hispanic (8.7%), 18 Black (3.9%), and 334 White (72.3%). The
racial breakdown of the overall cohort and the subset residing
within Los Angeles County are depicted in Fig. 1, with com-
parison provided to the population demographics of Los An-
geles reported in the 2010 U. S. Census.

The mean age of patients was 54.8+14.5 years. Fifty-two per-
cent of patients were female and 56% lived in Los Angeles Coun-
ty at the time of surgery. Meningioma was more frequently di-
agnosed in Asian, Hispanic, and Black patients (all p<0.001),
whereas glioblastoma was less frequently diagnosed in Asian
and Black patients when compared to White patients (all p=
0.002). The results of our unmatched analyses are summarized
in Table 1. The proportions of brain tumor pathology observed
for patients of each race is also depicted graphically in Fig. 2.
There were no significant differences in insurance status when
we compared Asian, Hispanic, or Black patients to White pa-
tients. However, Asian (p=0.02), Hispanic (p<0.001), and Black
(p=0.01) patients lived in residential areas associated with lower
median incomes when compared to White patients, on average.

Hospital length of stay

Across the entire cohort of 462 patients who identified as
Asian, Hispanic, Black or White, the average LOS and 95% con-
fidence interval was 6.41 (5.70, 7.11) days. Average LOS in pa-
tients stratified by race is tabulated in Table 1 and presented
graphically in Fig. 3A. Average LOS was 8.70 (5.80, 11.61) days
in Asians, 8.46 (6.56, 10.36) days for Hispanics, 5.28 (3.64, 6.93)
days for Blacks, and 5.74 (5.04, 6.45) days for Whites. A standard

Analysis of Variance (ANOVA) confirmed a significant main
effect of patient race on LOS [F(3,458)=4.04, p=0.007]. Com-
paring specific racial groups, there was a higher average LOS
in Asian compared to White patients, but the difference was not
statistically significant (8.70 vs. 5.75 days, p=0.06). Asian pa-
tients had a significantly increased risk of prolonged LOS (be-
yond 7 hospital days). compared to White patients [OR 2.21,
95% CI (1.27-3.87)]. Hispanic patients stayed in the hospital on
average longer than White patients (8.46 vs. 5.75 days, p<0.01).

Table 2 and Fig. 3B compare LOS in patients stratified by
brain tumor pathology. Overall, ANOVA demonstrated no
main effect of brain tumor pathology on LOS [F(5,146)=0.496,
p=0.78]. The longest LOS was observed following resection
of intracranial metastases, with average LOS of 7.94 days (4.08,
11.80), while the shortest LOS of 4.89 days (3.46, 6.32) was ob-
served following resection of low grade glioma. The most com-
mon brain, meningioma and glioblastoma, together consisted
of 75% of all cases, and had similar LOS of 6.31 (5.17, 7.45) and
6.37 (5.28, 7.46) days, respectively.

Comparison of LOS stratified by patients’ medical insurance
status is provided in Fig. 3C and Table 3. ANOVA revealed no
significant effect of insurance type (private, government, or no
insurance) on LOS, although a trend was observed [F(2,203)=
2.56, p=0.078]. Average LOS for patients who had some form
of billable health insurance for the inpatient stay was 6.39 (5.67,
7.11) days. Overall, patients with government insurance had
the longest hospital stays on average [7.50 (6.20, 8.80) days], pa-
tients with private insurance had intermediate LOS [5.81 (4.96,
6.66) days], and patients with no registered health insurance
had the shortest LOS [4.92 (2.39, 7.44) days].

Next, we considered whether LOS was correlated with pa-
tient’s age. Across all 462 patients in the cohort regardless of
brain tumor pathology, we observed no significant correlation
between age at surgery LOS [r(460)=0.05, p=0.28]. We also as-
sessed for correlations between age and LOS stratified by each
the specific type of tumor, but found no significant correlations

All craniotomy patients in cohort

Asian or Pacific
Islander, 70, 15.1%

72,828, 1%

‘ African-
American,
‘White non-Hispanic, 334, 18,3.9% .
African-
72.3% Ameri
merican, -
856,874, 8%
A B

Los Angeles County population demographics (2010)
Native American,\ r Other, 98,734, 1%

Islander, 1,372,959,
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‘or Latino, ‘White non-
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2,728,321, 28%

Craniotomy patients residing in Los Angeles County

Asian or Pacific
Islander, 48, 18%
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Fig. 1. Racial composition of patients undergoing craniotomy for tumor resection. A: All craniotomy patients within our institutional study.
B: Craniotomy patients within our study residing in Los Angeles County at time of surgery. C: Racial demographics of Los Angeles Coun-

ty reported in 2010 United States Census.
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Table 1. Summary of patients (unmatched cohort) (n=462)
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Asian Hispanic Black White
Patients, n (%) 70 (15.15) 40 (8.65) 18 (3.89) 334 (72.29)
Demographics
Age (yrs) 55.89+14.57 52.83+16.22 53.89+16.86 54.85+14.17
Sex, n (%)
Male 22 (31.43) 13 (32.50) 6(33.33) 179 (53.59)
Female 48 (68.57) 27 (67.50) 12 (66.67) 155 (46.41)
Median income, US dollars’ 72,957* 57,799* 64,218* 81,688
Private insurance, n (%) 25(35.71) 22 (55.00) 12 (66.67) 219 (65.57)
Pathology, n (%)
Meningioma 39 (55.71)* 26 (65.00)* 14 (77.77)* 106 (31.74)
Glioblastoma 14 (20.00)* 12 (30.00) 1(5.56)* 134 (40.12)
High grade glioma 6(8.57) 0(0) 1 (5.56) 38 (11.38)
Low grade glioma 4(5.71) 0(0) 0(0) 27 (8.08)
Glioma (not otherwise specified) 0(0) 2 (5.00) 0(0) 3(0.90)
Gliosarcoma 0(0) 0(0) 0(0) 4(1.20)
Metastases 7 (10.00) 0(0) 2 (11.11) 22 (6.59)
Outcomes
Length of stay (days) 8.70£12.39 8.4616.14* 5.28%3.56 5.7516.60
Meningioma 8.51114.02 8.76+6.44* 5.43+3.87 5.0214.70
Glioblastoma 7.1814.59 7.0314.32 8.35%3.37 6.2117.52
Hospital mortality, n (%) 1(1.43) 0(0) 0(0) 4(1.20)
Meningioma 0(0) 0(0) 0(0) 1(0.29)
Glioblastoma 0(0) 0(0) 0(0) 3(0.89)
Non-routine discharge, n (%) 21 (30.00) 11 (27.50) 4(22.22) 88 (26.35)
Meningioma 7 (10.00) 7 (17.50) 2(11.11) 20 (5.99)
Glioblastoma 7 (10.00) 3(7.50) 1(5.56) 45 (13.47)
Chemotherapy, n (%) 21 (30.00) 10 (25.00) 2(11.11) 151 (45.21)
Meningioma 0(0) 1(2.50) 0(0) 5(1.50)
Glioblastoma 9 (12.86) 8 (20.00) 0(0) 92 (27.54)
Radiotherapy, n (%) 30 (42.86) 14 (35.00) 8 (44.44) 145 (43.41)
Meningioma 13 (18.57) 9 (22.50) 6(33.33) 25 (7.49)
Glioblastoma 4(5.71) 0(0) 4(22.22) 66 (19.76)

Values are presented as n (%) or mean+SD unless otherwise indicated. *p<0.05 for the comparisons of specific race versus White, "Mean of

median incomes by zip code

100
80
Il Meningioma
60 I Glioblastoma
. [ High grade glioma
= [ Low grade glioma
40 [ Metastases

[ 1Glioma NOS

[ IGliosarcoma
20

Asian  Hispanic Black White

Fig. 2. Relative frequencies of brain tumor pathologies by race in
patients undergoing craniotomy for tumor resection at our institu-
tion.

between age and LOS for any of the tumor pathologies in our
cohort (Table 4). Additionally, we assessed for possible corre-
lations between LOS and patients’ economic status, as approxi-
mated based upon the median income of patients’ residential
postal codes. There was no significant relationship between
residential median income and LOS across patients [r(460)=
0.05, p=0.28]. We further assessed correlations between resi-
dential median income and LOS within all tumor types with
adequate sample size, and again found no significant correla-
tions between LOS and residential median income (Table 5).

Longer average LOS in Hispanic patients relative to Whites
was especially pronounced for patients diagnosed with menin-
giomas (8.76 vs. 5.02 days, p=0.001). For Hispanic patients di-
agnosed with a meningioma, higher median income was pos-
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Fig. 3. Comparisons of average hospital length of stay in patients undergoing craniotomy for tumor resection stratified by (A) patient race,
(B) brain tumor pathology, and (C) type of medical insurance. Error bars indicate 95% confidence intervals.

Table 2. Average length of hospital stay stratified by brain tumor
pathology

Insurance type n (%) Average LOS days (95% CI)
Meningioma 185 (40) 6.31(5.17,7.45)
Metastases 31(7) 7.94 (4.08,11.80)

All glioma 76 (16) 6.28 (5.38,7.18)
Low grade glioma 31(7) 4.89 (3.46,6.32)
High grade glioma 45 (10) 6.29 (3.95, 8.64)
Glioblastoma 161 (35) 6.37 (5.28,7.46)
Gliosarcoma 4(1) 6.90 (3.67,10.13)
Overall 462 (100) 6.41(5.70,7.11)

n, number of patients; LOS, length of stay; CI, confidence interval

Table 3. Average length of hospital stay stratified by patient insur-
ance status

Insurance type n (%) Average LOS days (95% CI)
Any insurance 454 (98) 6.39 (5.67,7.11)
Private 295 (64) 5.81 (4.96, 6.66)
Government 159 (34) 7.50 (6.20, 8.80)

No insurance 7(2) 4.92(2.39,7.44)
Overall 462 (100) 6.41 (5.70,7.11)

n, number of patients; LOS, length of stay; CI, confidence interval

itively associated with prolonged LOS (r,4=0.42, p=0.03). Black
patients with government insurance had post-operative hospi-
tal stays 2.8411.86 days shorter on average than Black patients
with private insurance coverage (p=0.04).

After cohort matching, Asian patients still had an increased
risk of prolonged LOS [OR 3.05, 95% CI (1.30-7.12)], and His-
panic patients still stayed in the hospital 2.70+1.28 days longer
than White patients (p=0.04). Collectively, non-White (Asian,
Hispanic, and Black) patients had a higher risk of prolonged
LOS whether pooling tumour types [OR 2.62, 95% CI (1.44-
4.76)] or examining meningioma [OR 4.35, 95% CI (1.19-15.88)]
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or glioblastoma separately [OR 3.05, 95% CI (1.12-8.30)].

Secondary outcomes

Across all patients, residential median income was not cor-
related with the probability of receiving adjuvant chemother-
apy [r(440)=0.07, p=0.14] or adjuvant radiation therapy [r(440)=
-0.02, p=0.61] within our health system, and no correlations
between residential income and receipt of adjuvant therapy
were observed when stratifying patients by tumor pathology
(Table 5). There were no significant differences in hospital mor-
tality or discharge disposition observed between races in ei-
ther the unmatched (Table 5, 6) or matched (Table 7, 8) cohort
analyses (see Methods for details of cohort matching). There
were five cases of hospital mortality (1.1%) and 124 cases of
non-routine discharge (26.8%). The most common types of
non-routine discharge were to acute rehabilitation units (89
cases, 71.8%) or skilled nursing facilities (21 cases, 16.9%). For
Hispanic patients, government insurance was associated with
an increased risk of non-routine discharge [OR 4.93, 95% CI
(1.03-24.00)]. For Black patients, higher median income was
correlated with an increased risk of non-routine discharge
(r,5=0.60, p=0.03).

For Hispanic patients diagnosed with glioblastoma, higher
median income was positively associated with delivery of adju-
vant radiotherapy at our institution (r,,=0.65, p=0.03). Among
Hispanic patients diagnosed with glioblastoma, those treated
with adjuvant radiotherapy at our institution had on average
higher median incomes compared to patients not treated with
adjuvant radiotherapy at our institution ($76,819 vs. $51,509,
p=0.03). In the matched cohort analysis, Asian and non-White
patients were less likely to receive chemotherapy at our institu-
tion [OR 0.42, 95% CI (0.20-0.87) and OR 0.35, 95% CI (0.20-
0.60), respectively] compared to White patients. However, non-
White patients were more likely to have diagnoses of benign
tumors, while White patients had higher rates of high-grade
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Table 4. Correlations between age and length of stay stratified by brain tumor pathology

Tumor type All Meningioma Low grade glioma High grade glioma GBM All glioma Metastases
Age vs. LOS 1(460)=0.05  1(183)=-0.001 1(29)=0.06 1(43)=0.20 1(159)=0.05  r(240)=0.09  1(29)=0.02
p=0.28 p=0.99 p=0.76 =020 p=051 p=0.15 p=091

LOS, length of stay; GBM, glioblastoma; r, Pearson’s correlation; p, two-tailed significance level

Table 5. Correlations between median income and length of stay, probability of receiving adjuvant chemotherapy, and probability of receiv-
ing adjuvant radiation therapy within our health system following surgical resection, stratified by type of brain tumor

Tumor type All Meningioma Low grade glioma High grade glioma GBM All glioma Metastases
LOS r(440)=0.03 r(177)=-0.08 r(29)=-0.34 r(42)=0.07 r(147)=0.06 r(227)=0.6 r(28)=0.44
p=0.48 p=0.28 p=0.06 p=0.64 p=045 p=0.40 p=0.015
q=0.79 q=0.79 q=0.45 q=0.79 q=0.79 q=0.79 q=0.31
Adjchemo  r(440)=007  r(177)=0.02 1(29)=0.36 1(42)=-0.05 1(147)=-0.04  1(227)=0.04  1(28)=0.13
p=0.14 p=0.81 p=0.045 p=0.72 p=0.61 p=0.59 p=051
q=0.61 q=0.85 q=0.45 q=0.80 q=0.79 q=0.79 q=0.79
AdjRT 1(440)=0.03  r(183)=-0.05 1(29)=0.30 1(42)=-0.02 r(147)=-0.09  r(227)=-0.032  r(28)=0.07
p=0.61 p=0.32 p=0.10 p=0.90 p=027 p=0.63 p=0.71
q=0.79 q=0.79 q=0.55 q=0.90 q=0.79 q=0.79 q=0.80

LOS, length of stay; Adj, adjuvant; chemo, chemotherapy; RT, radiation therapy; GBM, glioblastoma; r, Pearson’s correlation; p, two-tailed
significance level; g, FDR-adjusted significance level

Table 6. Secondary clinical outcomes stratified by race (unmatched cohort analysis)

Chemotherapy
[OR (95% CI)]

Radiotherapy
[OR (95% CI)]

Prolonged LOS (over 7 days) Non-routine discharge
[OR (95% CI)] [OR (95% CI)]

Race (Reference: White)

Asian 2.21(1.27-3.87)*
Meningioma 1.92 (0.81-4.55)
Glioblastoma 2.39 (0.77-7.40)

Hispanic 3.99 (2.03-7.83)*
Meningioma 4.89 (1.95-12.28)*
Glioblastoma 3.19 (0.96-10.57)

Black 0.80 (0.22-2.83)
Meningioma 0.82(0.17-3.96)
Glioblastoma -

Non-White 2.39 (1.53-3.74)*
Meningioma 2.40 (1.20-4.78)*
Glioblastoma 2.96 (1.26-6.94)*

1.19 (0.67-2.09)
0.94 (0.36-2.44)
1.93 (0.64-5.85)
1.05 (0.50-2.19)
1.58 (0.59-4.28)
0.64 (0.17-2.50)
0.79 (0.25-2.47)
0.72 (0.15-3.46)
1.08 (0.69-1.71)
1.09 (0.52-2.27)
1.33 (0.57-3.10)

0.52 (0.30-0.90)*
0.82 (0.26-2.60)
0.40 (0.19-0.85)*
0.81 (0.09-7.23)
0.91 (0.26-3.20)
0.15 (0.03-0.67)*

0.42 (0.27-0.66)*
0.26 (0.03-2.26)
0.78 (0.33-1.84)

0.98 (0.58-1.65)
1.62 (0.73-3.62)
0.41 (0.12-1.38)
0.70 (0.35-1.39)
1.72 (0.68-4.32)
0.52 (0.15-1.79)
1.04 (0.40-2.71)
243 (0.77-7.67)
0.89 (0.59-1.35)
1.78 (0.94-3.38)
0.43 (0.18-1.06)

*p<0.05. CI, confidence interval; OR, odds ratio

gliomas and glioblastomas conventionally treated with adju-
vant therapies (Fig. 1, Table 1).

Relationship of length of stay to non-routine
discharge

Across patients of all patients, longer LOS was positively cor-
related with risk of a non-routine (i.e., non-home) discharge
[16(458)=0.41, p<0.001]. Positive correlations between LOS
and risk of non-routine discharge of similar magnitude were
observed within Asian patients [#,;(68)=0.52, p<0.001], Black
patients [r,,(16)=0.40, p=0.10], Hispanic patients [r,,(38)=
0.56, p<0.001], White patients [,4(330)=0.37, p<0.001], and

all non-White patients [,4(126)=0.41, p<0.001).

DISCUSSION

Recent work emphasizes delivery of equitable specialty care
[5,34,35]. With few exceptions, these studies have examined
trends in morbidity and mortality in national databases such
as the Nationwide Inpatient Sample [8], National Surgical Qual-
ity Improvement Program (7], and Surveillance, Epidemiology,
and End Results registry [36]. Such analyses provide the advan-
tage of large sample sizes generalizable to the American public.
However, they are limited by possible coding errors and mini-
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mal clinical granularity, which renders them unable to elucidate
differences in care within a specific city, health system, or in-
stitution.

Here, we identified racial differences in neurosurgical out-
comes in adult patients who underwent craniotomy for brain
tumour resection at a single academic hospital over four con-
secutive years. Both Asian patients and non-White patients in
general had increased risks of prolonged LOS compared to
White patients. Additionally, Hispanic patients had longer av-
erage LOS than White patients. Observed differences in LOS

Table 7. Clinical outcomes and rates of adjuvant therapy by race
and tumor pathology (matched cohort analysis)

Asian Hispanic Black

No. of patients 63 37 15

Length of stay (days) 8.84112.86 8.4616.37* 5.3713.86
Meningioma 8.52114.53 8.7616.68 5.591+4.32
Glioblastoma 7401470  6.9614.53 -

Hospital mortality; n (%) 1(1.59) 0(0) 0(0)
Meningioma 0(0) 0(0) 0(0)
Glioblastoma 0(0) - 0(0)

Non-routine discharge, 19 (30.16) 4(10.81) 10 (66.67)

n (%)
Meningioma 6(9.52) 2(5.41) 6 (40.00)
Glioblastoma 6(9.52) - 3(20.00)

Chemotherapy, n (%) 19 (30.16) 2(5.41) 9 (60.00)
Meningioma 0(0) 0(0) 0(0)
Glioblastoma 8(12.70) - 8(53.33)

Radiotherapy, n (%) 29 (46.03) 7(18.92) 13(86.67)
Meningioma 13(20.63) 5(13.51) 8(53.33)
Glioblastoma 4(6.35) - 4(26.67)

Values are presented as n (%) or meantSD unless otherwise indi-
cated. *p<0.05

persisted in a matched cohort analysis controlling for demo-
graphic and socioeconomic variables, and were consistent with
previous findings reported in the literature [8,22]. In the past
decade, several national database studies of patients undergo-
ing brain tumour resection have reported longer LOS in Black
[7,8,22,23] and Hispanic patients [7] compared to White pa-
tients. To our knowledge, however, ours is the first study to
demonstrate such differences within patients treated at a single
hospital.

Understanding the clinical significance of extended LOS is
critical for interpreting racial differences in LOS among the
operative patients in our study. One possibility is that pa-
tients with better insurance coverage or access to care are
kept in hospital longer to recover adequately for home dis-
charge, whereas patients with poorer coverage are discharged
sooner with greater risk of adverse discharge disposition. In
this scenario, longer LOS would be expected to correlate with
higher rates of routine discharge. An alternative hypothesis is
that prolonged LOS could reflect a poorer clinical course
stemming from higher comorbidity burden or more ad-
vanced disease at presentation. This latter view is favoured by
a majority of prior studies [6-8, 22,23].

Under the hypothesis that extended LOS reflects heightened
co-morbidity burden and disease severity, longer LOS would
correlate with greater risk of non-routine discharge, such as dis-
charge to a skilled nursing facility or acute rehabilitation unit.
Conversely, patients with lower comorbidity burden or less ad-
vanced disease would have faster recovery timer (i.e., shorter
LOS) and higher rates of home discharge. Indeed, previous out-
come studies of operative brain tumour patients have report-
ed the combination of longer LOS and higher rates of adverse
discharge in minority patients [8,23]. Our own correlation anal-

Table 8. Secondary clinical outcomes stratified by race (matched cohort analysis)

[OR (95% CI)]

Length of stay (over 7 days)

Non-routine discharge

[OR (95% CI)]

Chemotherapy
[OR (95% CI)]

Radiotherapy
[OR (95% CI)]

Race (Reference: White)

Asian 3.05 (1.30-7.12)*
Meningioma 4.60 (0.91-23.25)
Glioblastoma 1.89 (0.41-8.61)

Hispanic 2.56 (0.97-6.75)
Meningioma 3.67 (0.81-16.54)
Glioblastoma 1.46 (0.26-8.05)

Black 1.63 (0.23-11.46)
Meningioma 1.11 (0.08-15.53)
Glioblastoma -

Non-White 2.62 (1.44-4.76)*
Meningioma 4.35(1.19-15.88)*
Glioblastoma 3.05(1.12-8.30)*

1.38 (0.63-3.05)
1.52 (0.34-6.75)
1.10 (0.25-4.80)
0.88 (0.32-2.41)
0.83 (0.19-3.67)
0.45 (0.08-2.67)
0.73 (0.15-3.49)
1.11 (0.08-15.53)

1.04 (0.59-1.85)
0.15 (0.37-3.56)
1.41 (0.53-3.74)

0.42 (0.20-0.87)*
0.11 (0.01-1.08)
0.67 (0.24-1.85)

1.00 (0.15-6.53)
0.62 (0.09-4.34)

0.35 (0.20-0.60)*
0.96 (0.90-1.04)
0.99 (0.37-2.64)

0.94 (0.47-1.89)
1.87 (0.60-5.88)
0.35 (0.07-1.61)
0.64 (0.25-1.62)
0.67 (0.17-2.59)
0.69 (0.12-3.78)
5.69 (0.94-34.46)

0.90 (0.53-1.51)
1.25 (0.49-3.16)
0.68 (0.25-1.83)

*p<0.05. CI, confidence interval; OR, odds ratio
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ysis of LOS and discharge disposition was consistent with this
framework: We observed weak yet consistently positive corre-
lations (r=0.37-0.56) between LOS and non-routine discharge
across patients of all racial demographics, with LOS explain-
ing 17% of the overall variance in discharge disposition. This
provides limited evidence that longer LOS in our patients was
loosely correlated with adverse disposition (i.e., non-routine
discharge), providing some context for which the observed ra-
cial differences in LOS might be viewed. While generally in line
with the view of prior studies [6-8,22,23], this interpretation
only serves as a rough generalization and falls short of address-
ing the full complexity of factors influencing LOS.

The lack of observed differences in LOS or non-routine dis-
charge rates between Black and White patients in our study
merits discussion. Prior studies of operative brain tumour pa-
tients, in contrast, have reported significant differences affect-
ing Black patients, including higher overall morbidity [7,24-26],
greater symptom severity at diagnosis [37], and extended LOS
after surgery [6-8]. Unfortunately, our limited sample size of
only 18 African-American patients severely limited our ability
to draw definitive conclusions regarding outcomes in this re-
gard. As LOS is a function of many clinical variables, it is dif-
ficult to interpret the potential meaning of our lack of observed
differences. Nationwide data demonstrate greater severity of
disease and increased comorbidity burden at surgery in Black
patients. While these observations support higher expected
rates of postoperative complications and longer LOS in Black
patients [7], other factors could have simultaneously acted to
shorten LOS. As yet one example, implicit racial biases affect-
ing medical treatment of Black patients are described. These
have been found to influence care decisions from pain manage-
ment [38,39] to administration of necessary procedures [40].
Though speculative, it is conceivable that such implicit biases
could also affect clinicians’ discharge decisions in a postopera-
tive context. Whether such biases affect LOS in patients under-
going brain tumour resection remains unknown and requires
further investigation.

Other factors that may have influenced the observed out-
come measures in a race-dependent manner relate to racial dif-
ferences in patients decisions to seek or accept treatment. Such
decisions could be related to difficulty accessing care, disparate
health care networks and quality of care, distrust in the medi-
cal establishment, or doctor-centred biases [6,22,29-31]. Addi-
tionally, differences in cultural values or beliefs may have af-
fected patients” decisions regarding their care, and could have
affected the duration for which patients wished to remain in
hospital postoperatively [41,42]. It is unclear to what extent such
factors influenced outcomes in our study, as we did not inves-
tigate underlying circumstances of discharge (e.g., to what ex-
tent patients dictated discharge times or whether patients left
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against medical advice). The decision to leave hospital care could
also reflect socioeconomic differences given the increased costs
of extended LOS to the patient. This hypothesis seems plau-
sible given that Black patients in our study who had access to
private insurance remained in the hospital for nearly three more
post-operative days than Black patients who had government
insurance.

The racial differences highlighted in our study should be ad-
dressed through a combination of patient education, clinician
awareness of implicit bias, and preventative health care ini-
tiatives that prioritize equitable access to quality health care.
To this end, more research is needed to ascertain the extent
of racial differences in baseline morbidity among our cohort.
Identifying the specific comorbidities most associated with
outcome differences among our patient population could
help prioritize public health efforts within our institution’s
health system and through collaborative efforts with outside
providers. Further investigation should also consider how
implicit bias among medical decision-makers may relate to
LOS or treatment decisions. Finally, patient surveys could
shed light on racial, cultural, or socioeconomic differences
that affect patients’ trust in their healthcare providers or their
goals of care.

Limitations

Several limitations affect the conclusions of our study.
First, our study is retrospective and limited by demographic
information available in the medical record. Several other
patient characteristics may have impacted outcomes but were
not retrievable in retrospect. In particular, patient income
data was based on the median income of patients’ residential
zip codes, which is less accurate than patient-reported in-
come. Median incomes by zip code for Black and Hispanic
patients were $64,218 and $57,799 on average. Both numbers
surpass the median household income of $55,909 for Los
Angeles County. These numbers are likely higher than in-
comes for the majority of Black and Hispanic patients receiv-
ing care in Los Angeles County, and our surrogate income
measures may have over-estimated the true incomes of the
Black and Hispanic patients included in our study.

Second, our sample size was significantly limited for pa-
tients of non-White racial backgrounds, especially for Black
(n=18) and Hispanic (n=40) patients. This reduced our abili-
ty to sub-stratify racial cohorts by clinical or demographic
variables, and limited our statistical power. Third, we did not
characterize comorbid status or disease severity at the time
of surgery, both of which could have profound effects on pa-
tient outcome and hospital LOS. Fourth, our data on rates of
adjuvant therapy was limited to adjuvant treatments admin-
istered at our institution. In many cases, adjuvant therapy is
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provided at outside institutions closer to the patient’s home,
and the likelihood of receiving adjuvant therapy at our insti-
tution versus outside centres may have differed between rac-
es. Thus, our data on adjuvant therapies must be interpreted
with caution.

Finally, it is important to note that our single-institution
study does not address the full range of racial differences ob-
served for patients in our vicinity undergoing brain tumour
surgery (i.e., Los Angeles County) [6-8]. Only 3.9% of the
patients in our cohort were Black, despite Black persons
comprising 9.8% of Los Angeles County. Similarly, 8.7% of
our cohort identified as Hispanic even though Hispanics
currently comprise 47% of the population of Los Angeles
County. A comprehensive assessment of racial differences af-
fecting brain tumour patients in our area would require de-
tailed institutional data from other nearby hospitals serving
Los Angeles county. Despite these limitations, our study is
the first to describe racial differences in adult brain tumour
patients treated at a single institution and adds to the grow-
ing literature [5-8,22,23,31,35].

In conclusion, we conducted a single-institution study on
racial differences for adult patients undergoing surgical re-
section of brain tumours. There were no racial differences in
rates of hospital mortality or non-routine discharge. Thus,
we found no evidence of racial differences in short-term sur-
vival or functional outcomes. However, we found a signifi-
cant main effect of race on hospital LOS, and higher inci-
dence of prolonged LOS in non-White relative to White
patients. Asian and Hispanic patients stayed in the hospital
longer than White and Black patients following surgery. Dif-
ferences in LOS remained significant after matching cohorts
on demographic and socioeconomic variables. Although
there were no differences in non-routine discharge, we did
observe a significant positive correlation between longer LOS
and non-routine discharge across our cohort.

In contrast to race, other factors we considered likely to af-
fect outcomes, including brain tumor pathology, age at sur-
gery, insurance status, and estimated income, were not sig-
nificantly associated with length of stay across patients.
However, access to private insurance notably affected out-
comes for non-White patients. Hispanic patients lacking pri-
vate insurance had nearly 5 times the odds of non-routine
discharge as Hispanic patients with private insurance cover-
age, and Black patients with government insurance remained
in hospital for nearly 3 fewer post-operative days than Black
patients with private insurance coverage. Moreover, Black
and Hispanic patients were markedly underrepresented in
our cohort relative to the demographic composition of Los
Angeles County.

In Los Angeles as in the United States as a whole, healthcare
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outcomes and access to quality care are disparate along socio-
economic and racial lines. While racial background is a non-
modifiable factor, investigating racial differences in surgical
outcomes and understanding their root causes is, in our opin-
ion, critical. In terms of its effect on length of hospital stay,
race outweighed all other factors considered, including brain
tumor pathology, age at surgery, insurance status, and esti-
mated income. Racial differences in neurosurgical patients
and their clinical outcomes should continue to be evaluated at
the institutional level to better understand current challenges
and barriers to care. Longer-term goals of this research are to
further characterize racial disparities among neurosurgical
patients, assess whether and how institutional or other sys-
tems-level factors may contribute to such differences, and to
provide insights into systems-level changes that might be im-
plemented to address disparities and achieve the best possible
neurosurgical outcomes for all our patients regardless of race.
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