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Abstract

Purpose: Unplanned readmission of post-operative brain tumor patients is often attributed to 

hospital and patient characteristics and is associated with higher mortality and cost. Previous 

studies demonstrate multiple patient outcome disparities in safety net hospitals (SNHs) when 

compared to non-SNHs. This study uses the Nationwide Readmissions Database (NRD) to 

determine if initial brain tumor resection at SNHs is associated with increased 30-day non-elective 

readmission rates.

Methods: Patients with benign or malignant primary or metastatic brain tumor undergoing 

craniotomy for surgical resection were retrospectively identified in the NRD from 2010–2014. 

SNHs were defined as hospitals with Medicaid and uninsured patient burden in the top quartile. 

Descriptive and multivariate analyses employing survey-adjusted logistic regression evaluated 

patient and hospital level factors influencing 30-day readmissions.

Results: During the study period, 83367 patients met inclusion criteria. 44.7% of patients 

had a benign tumor, and 55.3% had a malignant tumor. Secondary CNS neoplasm (5.99%), 

post-operative infection (5.96%), and septicemia (4.26%) caused most readmissions within 30 

days. Patients had increased unplanned readmission rates if they underwent craniotomy for tumor 

resection at a SNH in a small metropolitan area (OR 1.11, 95% CI 1.02–1.21, p=0.01), but not at a 

SNH in a large metropolitan area (OR 0.99, 95% CI 0.93–1.05, p=0.73).
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Conclusion: This finding may reflect differences in access to care and disparities in 

neurosurgical resources between small and large metropolitan areas. Inequities in expertise and 

capacity are relevant as surgical volume was also related to readmission rates. Further studies may 

be warranted to address such disparities.
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Introduction

The incidence of benign and malignant brain and central nervous system tumors in the 

United States is 28.57 people per 100,000 per year, with malignant brain tumors often 

defined by both primary and secondary (metastatic) tumors [1, 2]. While craniotomy for 

tumor resection is commonly the first step in management for patients with brain tumors, 

this patient population may be at increased risk of readmission due to post-operative 

complications, recurrence or persistence of tumor, and overall poor health due to underlying 

disease [2].

30-day readmission rates are a measure of patient outcomes and hospital performance that 

have garnered particular interest. Prior studies have reported a 30-day readmission rate of 

7.5–17.3% among patients that have undergone surgical resection of a brain tumor with 

the most common causes for readmission being seizures, surgical site infection, and new 

motor deficits [3–7]. Patient readmissions are costly and often indicate a poor prognosis 

[2]. Studies have estimated that patients readmitted after resection of glioblastoma live 1.6 

fewer months and have twice the mortality risk compared to non-readmitted patients [3, 6]. 

In addition to this temporal cost, it is estimated that each readmission costs these patients 

an extra $20,296 in hospital charges [4]. Identifying factors associated with unplanned 

readmission could provide an opportunity to modify these risks. Prior studies have found 

increased 30-day readmission rates following craniotomy for patients with brain tumors who 

are publicly insured or treated at non-academic hospitals [2, 4]. However, prior studies have 

not assessed the relationship between the safety net status of the treating hospital and the 

readmission rate of patients with brain tumors following craniotomy.

Safety net hospitals (SNHs), by mission or legal mandate, provide medical care for a 

disproportionately large number of patients who are uninsured, unable to pay, or who have 

Medicaid [8, 9]. SNHs comprise 25% of hospitals in the United States, but are responsible 

for nearly 33% of all inpatient stays, indicating that they provide a disproportionate amount 

of care [8]. Non-safety net hospitals (non-SNHs) are more likely to be teaching hospitals, 

have higher surgical volumes, and be located in large and small metropolitan areas [8]. The 

safety net patient population may represent a more vulnerable population, with increased 

risk for adverse outcomes following medical or surgical treatment. Studies have found 

multiple disparities in outcomes between patients receiving care at SNHs versus non-SNHs, 

with large database analyses noting that SNH patients experience lower standard-of-care 

treatment rates, increased readmission rates, and decreased survival rates compared to those 
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treated at non-SNHs [10–13]. The Patient Protection and Affordable Care Act, through the 

Hospital Readmissions Reduction Program, allows the Centers for Medicare and Medicaid 

Services to penalize hospitals with higher than average 30-day readmission rates, which has 

resulted in reduced readmission rates, overall [14]. However, SNHs continue to have higher 

than average readmission rates [15].

While SNHs have been associated with an elevated likelihood of readmission in a general 

patient population, studies have also reported increased perioperative complications in 

patients treated at SNHs following resection of glioblastoma and metastatic brain tumors 

[15–18]. Taken together, this suggests the possibility that patients receiving craniotomy for 

tumor resection may experience increased readmission rates following treatment at a SNH. 

As craniotomies are a commonly performed procedure with a 30-day overall complication 

rate of 16.1%, readmission after craniotomy for tumor resection may serve as an effective 

metric to compare the quality of care these patients receive at SNHs versus non-SNHs [19]. 

It is therefore important to understand characteristics of SNHs, health system factors, and 

disease processes that may make certain brain tumor patient populations more at risk for 

readmission.

This study leveraged the Nationwide Readmissions Database, a publicly available dataset 

including >45% of inpatient admissions with longitudinal follow-up, to evaluate national 

readmission trends following craniotomy for brain tumor resection. We hypothesize that 

initial treatment at a SNH results in increased non-elective readmission rates among patients 

following craniotomy for surgical resection of benign and malignant brain tumors.

Methods

Data Source

The 2010–2014 cohorts of the Nationwide Readmissions Database (NRD) were queried 

for this study. The NRD is a publicly accessible dataset featuring discharge information 

related to 49.3% of all hospital inpatient stays for all-payers across 22 geographically 

diverse states in the United States. It is a component of the Healthcare Cost and Utilization 

Project (HCUP) by the Agency for Healthcare Research and Quality (AHRQ). Information 

in the NRD represents a compendium of constituent State Inpatient Databases and contains 

verified and de-identified patient linkage variables to track patients through hospitalizations 

in a given state for a given year.

Study Population

International Classification of Diseases, Ninth Edition (ICD-9) diagnostic and procedure 

codes were used to identify patients for inclusion in this study. Patients older than 18 

years old with a primary diagnosis of benign (192.1, 225.0–225.2, 237.6, 237.0) or 

malignant primary and metastatic brain tumor (191.0–191.9, 198.3) with a concomitant 

tumor resection procedure (01.51, 01.53, 01.59, 04.01, 07.61, 07.64) were included. Patients 

receiving stereotactic or open biopsy for tumor were not included. Because the NRD only 

encompasses all readmissions for a patient within a single calendar year, patients with an 

index admission between January and November for a given year were included to assess 
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30-day readmission. Once a patient was readmitted, they were not followed for subsequent 

readmissions. Patients who died during their index admission were excluded. Figure 1 

depicts the strategy used to query the NRD and the number of patients that satisfy all 

inclusion and exclusion criteria.

Patient and Hospital Characteristics

Univariate and multivariate analyses were used to evaluate the association between patient 

and hospital characteristics, and an outcome of non-elective readmission. Patient factors 

included gender (female/male), age (categorized as 18–44, 45–59, 60–74, ≥75 years old), 

admission from emergency department (yes/no), index length of stay (0–3 days, 4–5 

days, 6–10 days, >10 days), All Patient Refined Diagnosis-Related Group (APR-DRG): 

Severity of Illness Subclass (minor, moderate, major, extreme), and discharge disposition 

(routine/other). APR-DRG is a well-characterized and widely implemented measure of 

disease severity developed by 3M Health Information Systems, incorporating principal 

diagnosis, age, secondary diagnoses (including complications and comorbid conditions), 

and procedures to assign a severity of illness subclass [20]. Neurological complications 

defined as presence of any of the following: intracerebral hemorrhage (431, 998.11–12), 

seizures (345.0–345.91), and neurological complications after procedure (997.01–997.09); 

and major complications defined as any of the following: pneumonia (481–482, 482.1–

482.3, 482.30–482.32, 482.39–482.41, 482.49, 482.80–482.84, 482.89, 482.90, 483.0, 

483.1, 485–487.0, 997.3, 507.0) pulmonary embolism (415.1–415.9), renal failure (584, 

584.5–584.9), cerebrovascular accident (433.01, 433.11, 433.21, 433.31, 433.81, 433.91), 

myocardial infarction (410.00–410.90, 410.01, 410.11–410.91), cardiac arrest (427.5), 

sepsis (995.91), and septic shock (995.92) were identified by relevant ICD-9 codes and 

included in analysis. Neurologic and major complication ICD-9 codes included have been 

previously published [21]. Median household income for a patient’s zip code for a given 

year (0–25, 26–50, 51–75, 76–100 percentiles) was also included. In post-hoc analysis we 

also sought to also assess the influence of specific patient comorbidities upon unplanned 

readmission. We therefore included additional risk factors in our univariate and multivariate 

models, including Elixhauser comorbidity score, as well as the specific comorbidities of 

diabetes mellitus (controlled and uncontrolled), coronary artery disease, chronic kidney 

disease, peripheral vascular disease, and cerebrovascular accident in additional analyses. The 

Elixhauser comorbidity index is an established and widely employed measure that includes 

29 predetermined comorbidities (categorized as present/absent) to produce a weighted sum 

that has been demonstrated to correlate with patient outcomes such as length of stay and 

mortality [22].

Hospital characteristics included large metropolitan (≥1 million residents), small 

metropolitan (<1 million residents) or non-metropolitan county location, control or 

ownership of hospitals (government, nonfederal; private, non-profit; private, investor­

owned), teaching status (teaching or non-teaching), number of beds (small, medium, large), 

and procedure volume (above or below 90th percentile).

All hospital records were used to calculate percentage of Medicaid and uninsured patients in 

each year, then stratified into quartiles. If the sum of Medicaid and uninsured patients placed 
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a hospital in the top quartile, then it was designated as a safety net hospital, as similarly 

employed by Brandel et al. and Bakhsheshian et al. [16,23]. This enabled the creation of a 

dichotomous variable of either safety net hospital or non-safety net hospital.

The primary outcome measure was first non-elective readmission. Time to first non-elective 

readmission and reason for unplanned readmission were also determined.

Statistical Analysis

Descriptive statistics used means and standard deviation for normally distributed continuous 

variables, medians and interquartile ranges (IQR) for non-normal continuous variables 

and counts, and percentages for categorical variables. To evaluate factors, including 

safety net hospital status, associated with non-elective readmission, variables were first 

evaluated in bivariate analyses. Variables with significant association with readmission 

were then included in multivariate analyses. Generalized equation modeling was used for 

multivariable logistic regression adjusting for hospital clustering, using a stepwise approach. 

An interaction analysis between the population size where a hospital was located and safety 

net status designation was also performed to determine if an interaction between these two 

variables influenced the outcome of readmission within 30 days. All variables were checked 

for confounders, and possible collinearity. Akaike information criterion (AIC) and Bayesian 

information criterion (BIC) were used to compare different models. Hosmer–Lemeshow 

goodness of fit was used for general model fitting. Analysis was conducted using SAS 9.4 

(Cary, NC). Significance levels were denoted with a p<0.05.

Results

Study Participants and Demographic Data

A total of 2953 hospitals were identified in our cohort from 2010–2014, with 741 (25.1%) 

being safety net hospitals (SNHs) and 2212 (74.9%) being non-SNHs. 83367 patients 

underwent craniotomy for tumor resection and met inclusion criteria. Of these, 17791 

(21.3%) patients were initially treated at a SNH, while 65576 (78.7%) were initially 

treated at a non-SNH. 40.6% of patients had resection of a benign tumor, and 59.4% 

of patients underwent resection of a malignant tumor. 18.6% of patients were aged 18–

44 years old, 33.9% were 45–59 years old, 36.2% were 60–74 years old, and 11.2% 

were ≥75 years old. 54.3% of patients were female (Table 1). A total of 18978 patients 

were readmitted (unplanned) following tumor resection, with 4176 (23.5%) occurring after 

treatment at SNHs, and 14802 (22.6%) occurring following treatment at non-SNHs. The 

median time to readmission was 24 days. The most common specific reasons for unplanned 

readmission were post-operative infection (5.96%), septicemia (4.26%), and pulmonary 

embolism (4.19%) (Table 2).

Hospital Characteristics: Readmission after Treatment at Safety Net or Non-Safety Net 
Hospital

While initial analysis of the entire cohort showed that safety net burden of the initial treating 

hospital was not associated with 30-day readmission (OR 1.03, 95% CI 0.98–1.08, p=0.21), 

in multivariate analysis (Table 3), we noted that SNH status showed significant interaction 
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with metropolitan location of the treating hospital. Following interaction analysis, safety 

net hospitals in small metropolitan areas (<1 million residents), specifically, had higher 

30-day readmission rates compared to non-safety net hospitals in small metropolitan areas 

(OR 1.11, 95% CI 1.02–1.21, p=0.01) (Table 4). Of note, a higher percentage of patients 

were treated at safety net hospitals in small metropolitan regions (27%) when compared to 

patients treated at SNHs in large metropolitan regions (19%). Hospital procedure volume 

below the 90th percentile (OR 1.08, 95% CI 1.03–1.13, p=0.0005) was also associated with 

increased rate of readmission, while rural location (OR 0.89, 95% CI 0.85–0.93, p<0.0001) 

was associated with decreased rate of readmission.

Patient Traits: Demographic and Disease Influences on 30-day Readmission Rate

A diagnosis of malignant tumor (OR 1.92, 95% CI 1.84–2.00, p<0.0001) was associated 

with increased likelihood of readmission (Table 3). Male gender (OR 1.14, 95% CI 1.11–

1.18, p<0.001), and age [in the 45–59 (OR 1.19, 95% CI 1.13–1.26, p<0.0001), 60–74 

(OR 1.27, 95% CI 1.20–1.34, p<0.0001), and ≥75 (OR 1.34, 95% CI 1.24–1.44, p<0.0001) 

year-old groups] were also associated with increased likelihood of unplanned readmission. 

Increased likelihood of non-elective readmission was associated with increased index length 

of stay [4–5 days (OR 1.14, 95% CI 1.08–1.21, p<0.0001), 6–10 days (OR 1.26, 95% CI 

1.19–1.33, p<0.0001), and >10 days (OR 1.42, 95% CI 1.34–1.51, p<0.0001)]. Increased 

APR-DRG illness severity class [moderate (OR 1.14, 95% CI 1.09–1.20, p<0.0001), major 

(OR 1.35, 95% CI 1.27–1.43, p<0.0001, and extreme (OR 1.42, 95% CI 1.32–1.54, 

p<0.0001)] was also associated with increased likelihood of readmission. Finally, increased 

likelihood of unplanned readmission was also associated with non-routine discharge (OR 

1.32, 95% CI 1.27–1.38, p<0.0001), and emergency room visit (OR 1.09, 95% CI 1.04–1.13, 

p=0.0001).

Decreased likelihood of non-elective readmission was associated with higher median 

household income [51–75 (OR 0.95, 95% CI 0.90–1.00, p=0.04) and 76–100 (OR 0.92, 

95% CI 0.87–0.97, p=0.0012) percentiles]. Private insurance (OR 0.73, 95% CI 0.69–0.78, 

p<0.0001) was also associated with decreased likelihood of unplanned readmission.

Our post hoc analysis revealed Elixhauser comorbidity index was independently associated 

with increased likelihood of non-elective readmission within 30 days in multivariate 

analysis [score of 1 (OR 1.22, 95% CI 1.15–1.29, p<0.0001), 2 (OR 1.41, 95% CI 

1.33–1.50, p<0.0001), and 3 or more (OR 1.60, 95% CI 1.51–1.70, p<0.0001)]. When 

including Elixhauser comorbidity index into the multivariate model, tumor resection at 

SNHs remained significantly associated with increased likelihood of unplanned readmission 

in small metropolitan areas [small metropolitan (OR 1.12, 95% CI 1.03–1.21, p=0.009)]. 

Furthermore, inclusion of specific comorbidities [diabetes mellitus (OR 1.17, 95% CI 1.11–

1.22, p<0.0001), coronary artery disease (OR 1.12, 95% CI 1.08–1.17, p<0.0001), and 

chronic kidney disease (OR 1.19, 95% CI 1.09–1.31, p=0.0002)] were also each linked with 

increased likelihood of non-elective readmission within 30-days. Peripheral vascular disease 

(OR 1.08, 95% CI 0.98–1.20, p=0.12) or a cerebrovascular accident (OR 0.42, 95% CI 0.12–

1.51, p=0.18) had no statistical influence on readmission. Again, however, inclusion of each 

of these specific risk factors in a multivariate model did not alter our original findings: tumor 
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resection at SNHs remained significantly associated with increased likelihood of unplanned 

readmission in a small metropolitan area [small metropolitan (OR 1.11, 95% CI 1.02–1.20, 

p=0.014).

Discussion

This study leveraged the Nationwide Readmissions Database (NRD) from 2010–2014 to 

determine patient, hospital, and health system level factors associated with unplanned 30­

day readmission following craniotomy and tumor resection in patients with benign and 

malignant brain tumors. Readmission is associated with increased cost and poor patient 

outcomes generally, and following neurosurgery specifically [2]. In this cohort, a total of 

18,978 (22.8%) of 83,367 patients were readmitted within 30 days. Common reasons for 

readmission included surgical complications such as post-operative infection and nervous 

system complication, as well as indicators of underlying disease including septicemia, 

pulmonary embolism, and pneumonia. These are similar to other reported reasons for 

readmission in this patient population [2, 4]. The all patient 30-day non-elective readmission 

rate of 22.8% is slightly higher than the previous single institution and large scale study 

measurements of 30-day readmission rates following craniotomy for brain tumor that 

range from 7.5%−17.3% [2–4, 6, 7]. Moreover, a similar large scale database study of 

43,356 patients undergoing cranial surgery found that 30-day readmission rates varied for 

seizure (13.9%), neoplasm (17.3%), trauma (19.8%), and vascular (23.9%) indications [7]. 

While that comparison is specific to cranial surgery, other large database studies report 

30-day readmission rates of 3.8% after orthopedic surgeries and 14.2% after major cancer 

surgery [24, 25]. Here we report a higher 30-day unplanned readmission rate following 

brain tumor resection relative to most other estimates for non-tumor cranial surgeries, 

orthopedic surgeries, and complex cancer operations. This suggests that patients with brain 

tumors may face specific patient, hospital, and health system level factors that make them 

particularly susceptible to increased readmission. For example, malignant brain tumor, 

hospital craniotomy volume below the 90th percentile, and non-routine discharge were traits 

associated with an increased rate of unplanned 30-day readmission in the current study.

Readmission rates are widely accepted as a metric for patient outcomes [2, 3–7, 14]. In 

the present study, prior to accounting for the location of the SNH, there is no difference 

in unplanned 30-day readmission rates between patients with benign and malignant brain 

tumors treated with craniotomy for tumor resection at SNHs compared to non-SNHs. Other 

database studies have characterized outcomes after neurosurgical treatment at SNHs with 

mixed results. Treatment at a SNH was not associated with worse survival outcomes 

in patients with subarachnoid hemorrhage [26]. However, it was associated with lower 

standard-of-care treatment rates and worse survival for patients with glioblastoma, and 

higher complication and mortality rates in cases of severe traumatic brain injury, when 

compared to treatment at non-SNHs [16, 23]. Pre-existing disparities between SNHs and 

non-SNHs with regard to institutional characteristics such as teaching status, bed size, 

location, and readmission rates for other conditions may influence patient outcomes [8, 13]. 

It is because of these factors that we sought to determine if underlying institutional and 

contextual characteristics were associated with readmission rates in our study population.

Nathan et al. Page 7

J Neurooncol. Author manuscript; available in PMC 2021 October 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Although there was no difference in unadjusted overall 30-day readmission rates between 

SNHs and non-SNHs, interaction analysis revealed safety net hospital status showed 

significant interaction with metropolitan area status. Upon accounting for this critical 

interaction, treatment at a SNH in a small metropolitan area (<1 million residents) was 

associated with an 11% increased likelihood of readmission when compared to those treated 

at non-SNHs in these areas. Prior research has focused on the effect of geographic location 

on outcomes, including readmission. For example, it has been estimated that 58% of the 

total variation in nationwide publicly reported 30-day readmission rates is attributable to 

the county context in which a hospital is located [27]. Variations in readmission rates based 

on geography and population size of the county where a hospital is located have been 

reported; however, in these studies, small metropolitan areas tend to have lower readmission 

rates compared to large metropolitan areas and even rural areas [13, 28–30]. These studies 

differ from ours with regards to patient population as none of them include neurosurgical 

patients, only study Medicare patients or evaluate data in only a small subset of states [13, 

28–30]. While other studies have evaluated outcomes after treatment at SNHs compared 

to non-SNHs, few have sub-categorized these hospitals based on geographic location. Here 

we compared readmission rates between SNHs and non-SNHs in small metropolitan areas, 

whereas prior studies compared SNHs and non-SNHs in all areas, or compared metropolitan 

and rural hospitals.

Small metropolitan areas are defined as counties with a population of less than one 

million people. In our study, 19% of hospitals in small metropolitan areas were SNHs and 

81% were non-SNHs. However, 27% of patients treated in small metropolitan areas were 

treated at SNHs. In contrast, 29% of hospitals in large metropolitan areas were SNHs, but 

only 19% of qualifying patients were treated at a SNH. This suggests a disproportionate 

burden on SNHs in small metropolitan areas to treat relatively more patients. Small 

metropolitan areas tend to have limited neuro-oncology resources due to geographic and 

financial-based maldistributions of medical- and radiation-oncology equipped hospitals [31, 

32]. For example, radiation oncologists tend to be more prevalent in metropolitan and 

higher income areas, and their geographic distribution is significantly more skewed when 

compared to primary care physicians or physicians in general [31]. Further, the density 

of hospitals with radiation oncology services in a given health service area, which is a 

county or cluster of contiguous counties, was a predictor of patient receipt of post-operative 

radiation therapy [32]. SNHs in these areas may bear the brunt of these resource limitations. 

Brandel et al. found that glioblastoma patients treated at SNHs are less likely to receive 

standard-of-care therapies and have increased short-term and long-term mortality [16]. 

They posit that the critical technological advances of neuronavigation, intraoperative awake 

mapping, and intraoperative magnetic resonance imaging may not be affordable for SNHs 

[16]. The disparity in resources may be compounded by the socioeconomic status of the 

surrounding geographic area. Indeed, it has been shown that small metropolitan areas have 

higher poverty rates than large metropolitan areas [33, 34]. Further, lower median income 

of a health service area is associated with a lower likelihood that glioblastoma patients 

underwent successful maximal tumor resection, had access to oncology departments, and 

received standard-of-care therapy [31, 35]. Importantly, receipt of standard-of-care treatment 

is positively correlated with favorable outcomes such as longer survival [16, 35,36]. 
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Geographic variations in socioeconomic status and hospital infrastructure and resources may 

account for disparities in brain tumor treatment, and could also be influencing the higher 

readmission rate at SNHs in small metropolitan areas [31, 32, 37, 38].

Conversely, there was no significant difference in the readmission rates between SNHs 

and non-SNHs in large metropolitan areas. SNHs in these areas may have access to more 

resources and care networks that can prevent unplanned readmissions. These areas tend to 

have a higher density of surgical as well as medical and radiation oncological resources, 

which facilitate the provision of optimal therapy, thereby improving survival and likely 

limiting the risk of readmission in large metropolitan areas [31, 32, 34, 36]. Indeed, SNHs 

and non-SNHs in urban areas have been shown to have similar outcomes with regards to 

mortality and readmission for patients with acute myocardial infarction, heart failure, and 

pneumonia [39]. Therefore, SNHs in large metropolitan areas may be better equipped to 

treat medically and surgically complex patients with brain tumors, and may have better 

access to services that assist in reducing readmissions [40].

In addition to differential access to well-equipped hospitals based on geography, access to 

high-volume hospitals also impacts readmission rates. This study found that patients with 

brain tumors treated at low-volume (≤90th percentile (103 craniotomies per year)) hospitals 

were more likely to be readmitted within 30 days. Prior research has shown that patients 

with brain tumors who undergo treatment at high-volume hospitals and centers or are 

treated by neurosurgeons who see a high volume of brain tumor patients experience fewer 

complications, have shorter hospitalizations, are less likely to be readmitted within 30 days, 

and have lower 30- and 90-day mortality rates [3, 41–46]. Lopez Ramos et al. compared 

30-day readmission rates of glioblastoma patients who traveled short distances and received 

care at low-volume hospitals against those who traveled long distances to undergo care at 

high-volume hospitals. They found that those treated at high-volume hospitals were less 

likely to be readmitted within 30 days despite traveling a longer distance, which may 

typically be thought of as an obstacle to care [37, 43, 47]. Interestingly, patients who were 

able to travel long distances to receive care at a high-volume hospital were less likely to 

be underinsured [43]. Access to high-volume centers may be important to overcoming other 

barriers to care, such as geographic or resource limitations.

Additionally, indicators of socioeconomic status, such as median household income and 

primary insurance type, were associated with readmission. This relationship between 

socioeconomic status and readmission has been observed generally, and in neurosurgical 

contexts specifically [2, 4, 7]. In the current study, higher median household income was 

associated with lower likelihood of unplanned readmission. Similarly, patients with private 

insurance were less likely to be readmitted within 30 days relative to patients whose care 

was covered by Medicaid or uncompensated for, further underscoring the influence of 

insurance status on both the ability to receive care and health outcomes. Another study using 

the NRD also found that patients with malignant brain tumors with Medicaid or Medicare 

insurance were more likely to be readmitted within 30- and 90-days [2].

Severity of disease, as indicated by neurological loss of function and number of 

comorbidities at presentation, has been shown to influence the likelihood of unplanned 
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30-day readmission in our study and in others [2–4, 7]. Patients with malignant brain tumors 

are more likely to be readmitted within 30 days compared to patients with benign tumors. 

Moreover, higher All Patient Refined Diagnosis Related Groups (APR-DRG) severity of 

illness subclass, higher Elixhauser comorbidity index score, and presence of the select 

comorbidities of diabetes mellitus, coronary artery disease, and chronic kidney disease 

were associated with increased likelihood of unplanned readmission within 30 days. Initial 

presentation to the emergency department may indicate more severe symptoms and disease, 

and this was also associated with increased likelihood of non-elective 30-day readmission 

[7]. Patients presenting with more severe disease may represent a medically complex patient 

population. This may lead to longer initial hospital stays and non-routine discharges to 

health care facilities other than home [2–4]. Indeed, we found that length of stay greater than 

3 days was associated with increased odds of 30-day non-elective readmission. Non-routine 

discharge was also associated with greater likelihood of unplanned readmission within 30 

days. Other studies have similarly identified multiple medical comorbidities and discharge 

to nursing facilities as predictors of non-elective readmission within 30 and 90 days [2, 

4]. Finally, treatment at a SNH versus a non-SNH in a small metropolitan area remained 

significantly associated with increased likelihood of unplanned readmission in post-hoc 

analysis, even when including Elixhauser comorbidity scores and select comorbidities 

(diabetes, coronary artery disease, chronic kidney disease) into multivariate models. The 

persistence of the main finding of increased odds of readmission within 30 days if treated at 

a small metropolitan SNH despite adjusting for these comorbidity metrics further evidences 

disparities in the ability for hospitals and health systems to manage medically complex 

patients in small versus large counties. Studies have highlighted that readmission in such 

populations may be a result of healthcare systems that may be unable to discharge patients 

with complete understanding of their pathology, without conveying information on symptom 

management, medication use and follow-up care [48]. These issues may be compounded 

at SNHs in small metropolitan areas due to geographic location and resource limitations. 

Therefore, addressing these underlying factors may provide an opportunity to improve 

readmission rates at SNHs in small metropolitan areas.

Risk models employed by the Centers for Medicare and Medicaid Services (CMS) 

evaluating readmission do not focus on specific populations with higher risk of readmission, 

and unfortunately may penalize hospitals, such as SNHs caring for particularly vulnerable 

populations [49]. Because 58% of the national variation in readmission rate is influenced by 

geography and county level factors [27], suggestions to improve unplanned readmission rate 

have thus included increasing the funding of these SNHs through an adjusted reimbursement 

rate that accounts for county level health and readmission risk factors Through these steps, 

prior studies have suggested that SNHs in small metropolitan areas could have more capital 

to invest in technology and staff to reduce the disparity in resources and patient follow-up 

and education.

Limitations

As with any large database study there are limitations inherent to using the Nationwide 

Readmissions Database (NRD). The NRD relies on accurate documentation, data entry, and 

linkage number assignment, therefore any error of coding and data handling imposes a 
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limitation. The coding accuracy of discharges generally is estimated to be 80% [50]. Further, 

the analysis is limited by the data and codes provided. For example, patient diagnosis and 

procedure variables are limited to available International Classification of Diseases, Ninth 

Edition (ICD-9) codes. This coding restriction prevents the ability to tell if a malignant 

tumor was primary or secondary, impairs the differentiation between different types of 

malignant tumors such as glioblastoma multiforme from other metastatic tumors, and denies 

insight into whether or not a given patient’s tumor operation was an initial operation or a 

re-operation [2]. Coding restrictions further do not provide information to assess duration of 

the operation or complexity of the surgical procedure and approach.

Additional limitations specific to the NRD include the censorship of patient race, hospital 

identifiers, and the state in which the hospital is located, which limits the ability to conduct 

additional socioeconomic and geographic comparisons. Since the NRD also does not keep 

track of patients who travel across state lines for their care, the data fails to include patients 

who were readmitted in a state that is not included in the NRD. This may be relevant as 

many patients with brain tumor may choose to travel or be transferred across state lines to 

receive care at tertiary care centers given their complex medical condition. The NRD also 

only tracks patients for a single calendar year, so 30-day readmissions data excludes data 

related to admissions beyond November for a given year. It is also important to acknowledge 

that the NRD hospital identifier number changes yearly, so the total number of hospitals 

identified over the five-year period (2010–2014) is about five times the actual number of 

hospitals in the NRD. Therefore, we focused on the proportions of hospitals, rather than 

counts. Finally, the publicly available subsequent years of NRD data, 2015–2016, were 

not included, as coding was significantly altered via ICD-10 coding, potentially creating a 

more heterogenous cohort for analysis. Despite these limitations, the NRD has been widely 

utilized to explore readmission trends across a variety of subspecialties [2, 25].

Conclusion

Using the Nationwide Readmissions Database, we estimated the unplanned 30-day 

readmission rate for patients who underwent craniotomy for resection of a brain tumor, 

and evaluated patient and hospital level factors associated with readmission. The all 

patient 30-day readmission rate was 22.8% with the most frequent causes of readmission 

being secondary malignant neoplasm of the brain or spine, post-operative infection, and 

septicemia. In small metropolitan areas, patients treated at SNHs were more likely to be 

readmitted within 30 days compared to patients treated at non-SNHs. Multiple health system 

factors potentially drive this finding. Safety net hospitals play a significant role in the U.S. 

health care system by providing care to many underserved patients nationwide. Further 

study may be directed to evaluate factors that contribute to the disparity between SNHs and 

non-SNHs in small metropolitan areas to determine if this difference in readmission rate 

exists in other subspecialty contexts, and evaluate interventions to remedy this inequity in 

unplanned readmission rates.
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Fig. 1. 
Diagram showing stepwise patient search, grouping, and counts after applying inclusion 

and exclusion criteria to the NRD for 2010–2014 grouped in 30- and 90-day readmission 

cohorts.
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Table 1

Patient and hospital characteristics at safety net and non-safety net hospital admission: 30-day readmission 

cohort

Total (n=83367) Safety Net (n=17791) Non-Safety Net (n=65576) p-value

Cancer, n (%)

 Benign 33886 7958 (44.73) 25928 (39.54) <0.0001

 Malignant 49481 9833 (55.27) 39648 (60.46)

Age, n (%)

 18–44 15521 3637 (20.44) 11884 (18.12) <0.0001

 45–59 28293 6200 (34.85) 22093 (33.69)

 60–74 30184 6261 (35.19) 23923 (36.48)

 ≥75 9369 1693 (9.52) 7676 (11.71)

Gender, n (%)

 Male 38124 8034 (45.16) 30090 (45.89) 0.08

 Female 45243 9757 (54.84) 35486 (54.11)

Primary Insurance, n (%)

 Medicare 29323 5926 (33.31) 23397 (35.68) <0.0001

 Medicaid 8767 3513 (19.75) 5254 (8.01)

 Private insurance 39309 6355 (35.72) 32954 (50.25)

 Self-pay 2472 905 (5.09) 1567 (2.39)

 No charge 307 129 (0.73) 178 (0.27)

 Other 2966 914 (5.14) 2052 (3.13)

 Missing 223 49 (0.28) 174 (0.27)

Median Household Income*, n (%)

 0–25 percentile 17077 5597 (31.46) 11480 (17.51) <0.0001

 26–50 percentile 18402 4309 (24.22) 14093 (21.49)

 51–75 percentile 21217 4250 (23.89) 16967 (25.87)

 76–100 percentile 25026 3254 (18.29) 21772 (33.20)

 Missing 1645 381 (2.14) 1264 (1.93)

All Patient Refined DRG: Severity of Illness Subclass, n (%)

 No class DS** DS** DS** <0.0001

 Minor 20722 4249 (23.88) 16473 (25.12)

 Moderate 33193 6860 (38.56) 26333 (40.16)

 Major 22062 4883 (27.45) 17179 (26.20)

 Extreme 7388 1798 (10.11) 5590 (8.52)

Index Length of Stay, n (%)

 0–3 days 27537 4811 (27.04) 22726 (34.66) <0.0001

 4–5 days 16357 3294 (18.51) 13063 (19.92)

 6–10 days 20402 4619 (25.96) 15783 (24.07)

J Neurooncol. Author manuscript; available in PMC 2021 October 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nathan et al. Page 18

Total (n=83367) Safety Net (n=17791) Non-Safety Net (n=65576) p-value

 >10 days 19071 5067 (28.48) 14004 (21.36)

Major Complication, n (%)

 Yes 3532 853 (4.79) 2679 (4.09) <0.0001

 No 79835 16938 (95.21) 62897 (95.91)

Neurological Complication, n (%)

 Yes 16724 3621 (20.35) 13103 (19.98) 0.27

 No 66643 14170 (79.65) 52473 (80.02)

Disposition, n (%)

 Routine 53686 11715 (65.85) 41971 (64.00) <0.0001

 Other 29639 6059 (34.06) 23580 (35.96)

 Missing 42 17 (0.10) 25 (0.04)

Hospital Bed Size, n (%)

 Small 4535 265 (1.49) 4270 (6.51) <0.0001

 Medium 12350 2524 (14.19) 9826 (14.98)

 Large 66482 15002 (84.32) 51480 (78.50)

Hospital Teaching Status, n (%)

 Teaching 67093 15992 (89.89) 51101 (77.93) <0.0001

 Non-teaching 16274 1799 (10.11) 14475 (22.07)

Hospital Volume, n (%)

 >90th percentile 42044 8945 (50.28) 33099 (50.47) 0.64

 ≤90th percentile*** 41323 8846 (49.72) 32477 (49.53)

HCUP Used Emergency, n (%)

 Yes 25170 6418 (36.07) 18752 (28.60) <0.0001

 No 58197 11373 (63.93) 46824 (71.4)

Hospital Urban-Rural Designation, n (%)

 Metropolitan 57814 10883 (61.17) 46931 (71.57) <0.0001

 Other 25553 6908 (38.83) 18645 (28.44)

Control/Ownership of Hospital, n (%)

 Government, non-federal 14477 6873 (38.63) 7604 (11.60) <0.0001

 Private, non-profit 62819 9800 (55.08) 53019 (80.85)

 Private, investor-owned 6071 1118 (6.28) 4953 (7.55)

*
For patient’s ZIP code, based on current year.

**
Data suppressed for patient confidentiality

***
103 procedures / year
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Table 2

Most frequent reasons for 30-day readmissions for all patients at all hospitals

ICD-9 Diagnosis n (%)

 198.3 Secondary malignant neoplasm of the brain and spine 1143 (5.99)

 998.59 Post-operative infection 1137 (5.96)

 038.9 Septicemia 813 (4.26)

 415.19 Pulmonary embolism and infarction 799 (4.19)

 486 Pneumonia 584 (3.06)

 997.09 Nervous system complication 556 (2.91)

 191.9 Malignant neoplasm of the brain 450 (2.36)

 191.1 Malignant neoplasm of the frontal lobe 380 (1.99)

 599.0 Urinary tract infection 338 (1.77)

 780.39 Convulsions 324 (1.70)

 453.41 Deep vein thrombosis of the lower extremity 307 (1.61)

 997.01 Central nervous system complication 286 (1.50)

 345.90 Epilepsy 279 (1.46)

 191.2 Malignant neoplasm of the temporal lobe 258 (1.35)

 331.4 Obstructive hydrocephalus 250 (1.31)

 191.3 Malignant neoplasm of the parietal lobe 199 (1.04)
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Table 3

Summary of associations with 30-day readmissions

OR 95% CI p-value

Safety Net Burden

 Yes (≥28.6%, top quartile) 1.03 0.98–1.08 0.21

 No Ref

Cancer

 Benign Ref

 Malignant 1.92 1.84–2.00 <0.0001

Age

 18–44 Ref

 45–59 1.19 1.13–1.26 <0.0001

 60–74 1.27 1.20–1.34 <0.0001

 ≥75 1.34 1.24–1.44 <0.0001

Gender

 Male 1.14 1.11–1.18 <0.0001

 Female Ref

Primary Insurance

 Medicare 0.93 0.87–1.00 0.04

 Medicaid Ref

 Private insurance 0.73 0.69–0.78 <0.0001

 Self-pay 0.70 0.62–0.79 <0.0001

 No charge 0.95 0.73–1.25 0.72

 Other 0.76 0.68–0.85 <0.0001

Median Household Income*

 0–25 percentile Ref

 26–50 percentile 0.98 0.93–1.04 0.53

 51–75 percentile 0.95 0.90–1.00 0.04

 76–100 percentile 0.92 0.87–0.97 0.0012

All Patient Refined DRG: Severity of Illness Subclass

 Minor Ref

 Moderate 1.14 1.09–1.20 <0.0001

 Major 1.35 1.27–1.43 <0.0001

 Extreme 1.42 1.32–1.54 <0.0001

Index Length of Stay

 0–3 days Ref

 4–5 days 1.14 1.08–1.21 <0.0001

 6–10 days 1.26 1.19–1.33 <0.0001

 >10 days 1.42 1.34–1.51 <0.0001
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OR 95% CI p-value

Disposition

 Routine Ref

 Other 1.32 1.27–1.38 <0.0001

Hospital Volume

 Above 90th percentile Ref

 ≤90th percentile** 1.08 1.03–1.13 0.0005

HCUP Used Emergency

 Yes 1.09 1.04–1.13 0.0001

 No Ref

Hospital Urban-Rural Designation

 Metropolitan Ref

 Other 0.89 0.85–0.93 <0.0001

*
For patient’s ZIP code, based on current year.

**
103 procedures / year
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Table 4

30-day readmission odds of safety net and non-safety net hospitals in metropolitan areas

OR 95% CI p-value

Small Metropolitan

 Safety Net Hospitals 1.11 1.02–1.21 0.01

 Non-Safety Net Hospitals Ref

Large Metropolitan

 Safety Net Hospitals 0.99 0.93–1.05 0.73

 Non-Safety Net Hospitals Ref
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