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Abstract Objectives The present study examines the effect of median household income on
mid- and long-term outcomes in a posterior fossa brain tumor resection population.
Design This is a retrospective regression analysis.
Setting The study conducted at a single, multihospital, urban academic medical
center.
Participants A total of 283 consecutive posterior fossa brain tumor cases, excluding
cerebellar pontine angle tumors, over a 6-year period (June 09, 2013–April 26, 2019)
was included in this analysis.
Main Outcome Measures Outcomes studied included 90-day readmission, 90-day
emergency department evaluation, 90-day return to surgery, reoperation within
90 days after index admission, reoperation throughout the entire follow-up period,
mortality within 90 days, and mortality throughout the entire follow-up period.
Univariate analysis was conducted for the whole population and between the lowest
(Q1) and highest (Q4) socioeconomic quartiles. Stepwise regression was conducted to
identify confounding variables.
Results Lower socioeconomic status was found to be correlated with increased
mortality within 90 postoperative days and throughout the entire follow-up period.
Similarly, analysis between the lowest and highest household income quartiles (Q1 vs.
Q4) demonstrated Q4 to have significantly decreased mortality during total follow-up
and a decreasing but not significant difference in 90-day mortality. No significant
difference in morbidity was observed.
Conclusion This study suggests that lower household income is associated with
increased mortality in both the 90-day window and total follow-up period. It is possible
that there is an opportunity for health care providers to use socioeconomic status to
proactively identify high-risk patients and provide additional resources in the postop-
erative setting.
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Introduction

Physicians and public health specialists are increasingly
interested in the effect of social determinants of health
(SDOH) on the provision of quality care in the American
health care system. As defined by the World Health Organi-
zation (WHO), SDOH encompasses “the conditions in which
people are born, grow, live, work, and age (which) are shaped
by the distribution of money, power, and resources at global,
national, and local levels.”1 Such conditions include but are
not limited to occupation, race, gender, neighborhood con-
ditions, level of education, and income.2 An overwhelming
bodyof literature points to race, gender, and ethnicity among
other SDOH as significant contributors to disparities in
care.3–7 As such, eliminating disparities in medical care has
the potential to improve quality of care, while potentially
decreasing cost by reducing adverse outcomes and providing
a more equitable patient experience.

Disparities are reflected at multiple levels within the
health care system, affecting access to care, provider of
care, and outcomes of care once access has been attained.
Within the realm of surgery, the effects of inequities have
manifested in the form of delayed surgical intervention,8,9

poor hospital characteristics,3,4,10–12 and increased morbid-
ity and mortality.3,4,13–18

Unfortunately, despite clear negative impact, the processes
underlying economic inequalities are poorly understood. To
date, investigations into the role of economics on care have
centered primarily on the issue of access to care.19–24 Further
research into the presence of disparities on outcomes “once
accesshas beenattained” is crucial for improving careprotocols
at the provider and hospital levels. Recently, studies in the
Netherlands and Italy, where universal coverage provides a
system of more equal access, show that low socioeconomic
status (SES) correlates with an increased risk of poor out-
come.23,25,26 There remains a need to examine such relation-
ships in contexts where barriers to access exist, such as the
United States.

Additionally, literature on the effect of household econom-
ics in neurosurgical populations is sparse. In a previous study,
the authors of the present paperdemonstrated that inpatients
of a heterogeneous brain tumor population, low income
correlated with increased mortality at short- and long-term
follow-ups.27 However, studies investigating the influence of
economics on outcomes in specific neurosurgical procedures
arenecessary to guidepractice and improvepatient care.3,28,29

To that end, the present study examines the relationship
between economic background and postoperative outcomes
in a cohort of patients undergoing posterior fossa tumor
resection. Posterior fossa brain tumor resection is noteworthy
due to theuniqueprofile ofcomplications that canoccur in this
highly sensitive region. Such complications includebut are not
limited to compression and posterior fossa syndrome, cranial
nerve palsies, swallowingdifficulty, aphasia,weakness, ataxia,
brain stem distortion, cerebrospinal fluid (CSF) leak, pseudo-
meningocele formation, anddeath. Studieshavedemonstrated
that the incidence of morbidity and mortality following pos-
terior fossa surgery is greater than in supratentorial tumor

resections.30 As such, understanding the drivers of such com-
plications is of paramount importance. The study employs
univariate and stepwise regression to mediate confounding
covariates and other SDOH which are known to impact out-
comes, to better understand the effect of economic disparity
after access to care has been obtained.

Methods

Sample Selection
In this institutional review board (IRB)-approved study, 283
consecutive patients undergoing posterior fossa tumor resec-
tion, excluding cerebellar pontine angle (CPA) tumors, at a
multihospital, 1,659 bed university health systemover 6 years
(June 07, 2013–April 29, 2019) were enrolled. A waiver of
informed consent was granted by the IRB as this study was
considered to be of minimal risk to patients. Key data were
acquired using the EpiLog tool, a nonproprietary data acquisi-
tion system created by the senior author on the present
paper.26 It was built and layered on top of the existing
electronic health record (EHR) architecture to facilitate chart-
ing, workflow, quality improvement, and cost-reduction
initiatives.

Data Collection
Patient and outcome data for this study were extracted from
EpiLog and pushed into defined spreadsheets. Patient char-
acteristics including median household income (MHI), age,
gender, race, American Society of Anesthesiologists (ASA)
score, smoking status, body mass index (BMI), Charlson’s
comorbidity index (CCI) and underlying covariates, duration
of surgery, total surgical cost, history of prior resection, and
level of education were recorded (►Table 1). When house-
hold income and level of education were not directly avail-
able from the EHR, data were obtained by cross referencing
zip code and patient demographic characteristics with the
2012 to 2016 U.S. Census Bureau 5-year American Commu-
nity report.31 Outcomes assessed were 90-day readmission,
90-day emergency department (ED) evaluation, 90-day un-
anticipated return to surgery, and mortality within 90 post-
operative days. Additionally, mortality and return to surgery
throughout the entire follow-up period were assessed.

Statistical Analysis
Univariate analysis was performed with respect to MHI, with
significance set as p< 0.05. Patients were then divided into
quartiles based on MHI, and an additional univariate analysis
was conducted between the lowest (Q1) and highest (Q4)
socioeconomic quartiles, with a significance set as p< 0.05.
Stepwise regression was conducted to identify confounding
variables.

Results

Patient Characteristics
The sample included all consecutive patients undergoing
posterior fossa tumor resection, excluding CPA tumors, over
the course of six calendar years (n¼ 283). Four patients with
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Table 1 Patient demographics and baseline characteristics

Variable Median household
income Q1 (n¼ 70)

Median household
income Q4 (n¼ 69)

Standardized
difference

Age (y)
Mean (SD)

58.16 (13.46) 52.42 (15.76) �0.3914

Length of stay (h)
Mean, (SD)

263.49 (202.27) 165.13 (155.85) �0.5447

Gender, n (%) �0.217

Female 31 (44.29) 38 (55.07)

Male 39 (56.31) 32 (44.93)

Total cost (USD)
Mean (SD)

2,505.44 (1,622.84) 3,092.22 (3,278.82) 0.2268

Duration of surgery (min)
Mean, (SD)

245.22 (123.07) 225.65 (90.26) �0.1813

CCI score
Mean (SD)

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Transient ischemic attack
Dementia
Chronic obstructive pulmonary disorder
Connective tissue disease
Peptic ulcer disease liver disease Diabetes
Hemiplegia
Chronic kidney disease
Solid tumor
Leukemia
Lymphoma
AIDS

5.93 (3.85) 4.55 (3.73) �0.3636

Number of surgical intervention
within 90 days prior to surgery
n (%)

0.3822

0 61 (87.14) 67 (97.10)

1 8 (11.43) 2 (2.90)

2 1 (1.43) 0 (0)

Number of lifetime surgical intervention prior to surgery
n (%)

0.204

0 63 (90.00) 65 (94.20)

1 6 (8.57) 4 (5.80)

2 1 (1.43) 0 (0)

BMI (kg/m2)
Mean (SD)

26.75 (6.80) 26.44 (5.96) �0.0484

ASA grade
n (%)

0.3221

1 0 (0) 0 (0)

2 14 (20.00) 23 (33.33)

3 52 (74.29) 44 (63.77)

4 4 (5.71) 2 (2.90)

Tobacco use (within past 12 months)
n (%)

0.4617

Yes 16 (22.86) 5 (7.25)

No 45 (64.29) 56 (81.16)

Unknown 9 (12.86) 8 (11.59)

(Continued)
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missing values and one patient with a BMI less than 10 kg/m2

were excluded from analysis. For the resulting patient co-
hort, mean age was 54.7 years. In this cohort, 11.5% of the
studied patients used tobacco within the 12 months prior to
surgery. Mean length of stay was 8.4 days and gender of the
cohort was 54% female (►Fig. 1; ►Table 1).

Patient Outcomes

Mortality
Whole population univariate analysis demonstrated lower
SES to be correlated with increased mortality within 90
postoperative days (p¼ 0.03, odds ratio [OR]¼ 0.65, 95%
confidence interval [CI]: 0.44–0.96) and throughout the
entire follow-up period (p< 0.01, OR¼ 0.68, 95% CI: 0.52–
0.90). Similarly, analysis between the lowest and highest
socioeconomic quartiles (Q1 vs. Q4) demonstrated the high-
est quartile to have significantly decreased mortality during
total follow-up (20.29 vs. 37.14%, p¼ 0.03, OR¼ 0.43, 95% CI:
0.20–0.92) and a decreasing but not significant difference in

90-day mortality (10.14 vs. 20.00%, p¼ 0.11, OR¼ 0.45, 95%
CI: 0.17–1.12; ►Figs. 2 and 3 ►Table 2).

Morbidity
In the whole population univariate analysis, no significant
difference was found with regards to 90-day readmission
(p¼ 0.08, OR¼ 0.80, 95% CI: 0.62–1.03), 90-day ED evaluation
(p¼ 0.42, OR¼ 0.89, 95% CI: 0.67–1.18), 90-day return to
surgery (p¼ 0.64, OR¼ 1.08, 95% CI: 0.78–1.51), or return to
surgery throughout the entire follow-up period (p¼ 0.60,
OR¼ 0.93, 95% CI: 0.71–1.22). Similarly, no significant differ-
ences were found between Q1 and Q4 quartiles in 90-day
readmission (28.99 vs. 42.86%, p¼ 0.08, OR¼ 0.54, 95%
CI:0.27–1.10), 90-day ED evaluation (24.64 vs. 25.71%,
p¼ 0.88, OR¼ 0.94, 95% CI:0.44–2.03), 90-day return to sur-
gery (8.57vs. 13.04%,p¼ 0.40,OR¼ 0.63,95%CI:0.21–1.86), or
return to surgery throughout the entire follow-up period
(21.43 vs. 23.19%, p¼ 0.80, OR¼ 0.90, 95% CI:0.41–2.01).

Table 1 (Continued)

Variable Median household
income Q1 (n¼ 70)

Median household
income Q4 (n¼ 69)

Standardized
difference

Race
n (%)

1.0544

Asian 1 (1.43) 6 (8.70)

Black 27 (38.57) 2 (2.90)

White 35 (50.00) 52 (75.36)

HLB 1 (1.43) 0 (0)

HLW 2 (2.86) 3 (4.35)

Unknown 1 (1.43) 2 (2.90)

Other 3 (4.29) 4 (5.80)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson’s comorbidity index; HLB, Hispanic/Latino-Black;
HLW, Hispanic/Latino-White; Q1, lowest socioeconomic quartile; Q4, highest socioeconomic quartile; SD, standard deviation; USD, U.S. dollar.

Fig. 1 Patient selection flow-chart. MHI, median household income.

Fig. 2 Odds ratios for adverse outcome with increasing household
income. Error bars denote 95% confidence interval. CI, confidence
interval; ED, emergency department; OR, odds ratio.
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Stepwise Regression
The 90-day readmission and ED evaluation are significantly
predicted by history of surgery within prior 90 days. Return
to surgery within 90 days is associated with duration of
surgery, BMI, and ASA grade. Mortality within 90 days is
associatedwith duration of surgery and ASA grade.Mortality
during the entire follow-up period is associated with CCI
score, history of surgery within prior 90 days, total cost, and
ASA grade. Return to surgery throughout the entire follow-
up period is associated with duration of surgery.

Discussion

The posterior fossa, home to critical structures, such as the
brainstem, cerebellum, and cranial nerves, is highly sensitive
to manipulation and compression. As such, surgical inter-
ventions carry high risks for complications leading to signifi-
cant morbidity and mortality.32 Intra- and postoperative
complications include hematoma, cerebral edema, posterior
fossa syndrome, cranial nerve palsies, respiratory distress,
pseudomeningocele formation, and hydrocephalus necessi-
tating CSF diversion, amongothers.33 Furthermore, Cochrane
et al reported aggravated deficits in 41% of children present-
ing with worsening ataxia, cranial nerve palsies, mutism,
apnea, and seizures.33 Similarly, adults undergoing posterior
fossa tumor surgery are at risk for damage to the brain stem,
cerebellum, and cranial nerves housed in the compartment,
leading to significant morbidity and mortality.30,32 As such,
identification and elimination of factors that contribute to
adverse outcomes is paramount to improving quality of care
for patients undergoing posterior fossa tumor resection.

This study sought to investigate the influence of household
incomeonmid- and long-termoutcomes in theposterior fossa
tumor population. Univariate analysis of 278 consecutive
patientsdemonstrated significantly increased riskofmortality
within 90 days and during the entire follow-up period for
patients of lower SES. Further, univariate analysis between the
lowest and highest socioeconomic quartiles demonstrated

greater risk of mortality during total follow-up for the lowest
quartile. No significant difference in morbidity was found.

The findings presented in this study suggest a significant
imperative to address socioeconomic disparities in neurosurgi-
cal care. It is unique in that it evaluates the role of SES after care
has been established. Notably, long-term mortality was found
to be significantly associatedwith patient comorbidities; how-
ever, a significantdifference inmortality remainedaftercomor-
bidities were controlled for. Furthermore, comorbidities were
not foundtobeassociatedwithadifference in90-daymortality.
These results suggest that, after controlling for the effect of
patient characteristics, disparity may be driven by distinct
socioeconomic barriers to care. Such barriers include difficulty,
making it to follow-upappointmentsduetoemploymentstatus
or lack of transportation and lack of in-home postoperative
assistance among other factors.34

While population-level interventions are beyond the
scope of surgical practice, there are many provider- and
hospital-level interventions which may improve prognosis
following surgery for the most vulnerable group of patients.
To date, several health systems have experimented with

Fig. 3 Odds ratios of adverse outcome for patients in the high household
income quartile (Q4) relative to patients with in the low household income
quartile (Q1). Error bars denote 95% confidence interval. CI, confidence
interval; ED, emergency department; OR, odds ratio.

Table 2 Patient outcomes and complications

Patient groups

Outcome/complication MHI Q4
n (%)

MHI Q1
n (%)

90-day mortality 14 (20.00) 7 (10.14)

p¼ 0.1048

OR¼ 0.4516
(CI: 0.1701–1.1992)

Mortality during
follow-up

26 (37.14) 14 (20.29)

p¼ 0.0282

OR¼ 0.4308
(CI: 0.2012–0.9221)

90-day readmission 30 (42.86) 20 (28.99)

p¼ 0.0884

OR¼ 0.5442
(CI: 0.2693–1.0995)

90-day ED evaluation 18 (25.71) 17 (24.64)

p¼ 0.8838

OR¼ 0.9444
(CI: 0.4389–2.0321)

90-day reoperation 9 (13.04) 6 (8.57)

p¼ 0.3955

OR¼ 0.6250
(CI: 0.2098–1.8615)

Return to surgery
during follow-up

16 (23.19) 15 (21.43)

p¼ 0.8032

OR¼ 0.9034
(CI: 0.4063–2.0088)

Abbreviations: CI, confidence interval; ED, emergency department;
MHI, median household income; OR, odds ratio; Q1, lowest socioeco-
nomic quartile; Q4, highest socioeconomic quartile.
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programs to target high-risk patients with additional resour-
ces following surgery to facilitate the recovery process and
enable effective follow-up.35–37 With increased focus on
value-based medicine, SES may serve as a powerful metric
for predicting adverse outcomes, responding proactively,
and eliminating avoidable complications.

This study contributes to the growing bodyof literature on
the influence of SES on outcomes while mediating for con-
founding covariates. This is particularly important when
studying SDOH, given the complex interactions between
various factors. The covariates investigated in this study
were based on supporting literature indicating the relation-
ship between each characteristic and patient outcome.
Smoking status, BMI, and CCI score have been shown to
independently predict morbidity following surgery in nu-
merous studies.38–42 Furthermore, duration of surgery has
been shown to correlate with greater risk of complica-
tions.43,44 In a study by Dial et al, ASA score was associated
with increased length of stay and 90-day readmission.45

Similarly, the impact of race on postoperative outcomes is
largely detailed in the literature.15,16,46–48

Limitations
There are several limitations to this study. One limitation is

that thisstudy is retrospective, thereforepotential samplingbias
and data recording inaccuracies may exist. Furthermore, the
studyassesses for readmissionsandEDevaluationbasedonEHR
data fromtheuniversity hospital system inwhich the studywas
conducted, assuming that this systemwould be the recipient of
all suchevents.Assuch, there isapotential forunderreportingof
true readmission and ED evaluation rates. Nonetheless, this
would likely be consistent across patients of multiple income-
levels and therefore should not significantly affect the internal
validity of the study. Further, all patients are queried during
postoperative visits as to visits with other health care providers
and events, with an average follow-up time of 619 days, which
would capture the relevant endpoints. Second, as with all
retrospective studies, the influence of each covariate could
not be completely controlled for despite being incorporated
intothemodelbystepwiseregression.Notably,mortalityduring
the entire follow-up period is associatedwith CCI score, history
of surgery within 90 days prior to the index intervention, total
cost, and ASA grade. Furthermore, mortality within 90 postop-
erative days is associated with duration of surgery and ASA
grade. Future studiesprospectivelyanalyzing these outcomes in
a larger, matched population is required to further validate our
findings and rule out potential confounding variables.

Further research should seek to investigate the underlying
mechanisms of the effect of SES on outcomes, to more
accurately target patients with efficient interventions to
improve patient outcomes in the postoperative period.
Moreover, expanding on the present findings in other pro-
cedure types is necessary to guide changes in a large scale,
heterogeneous neurosurgery practice.

Conclusion

The present study responds to the growing interest among
providers and population health experts in understanding

the role of socioeconomics in medical and surgical care. The
results demonstrate that SES significantly predicts risk of
mortality in the 90-day postoperative window and through-
out the entire follow-up period following posterior fossa
tumor resection. The findings suggest that mitigating for
disparities in SES may be an important avenue for reducing
complications and improving outcomes in a neurosurgical
setting. Additionally, the study emphasizes the need to
further investigate the forces, other than access, which drive
socioeconomic disparities in outcomes and calls for effective
interventions to support vulnerable patients following
surgery.
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