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ABSTRACT

Objective: We sought to analyze public and private hospital patient cohorts in New York City (NYC) to assess differences in
hospital access and outcomes from 2009-2022.
Methods: Inpatient neurosurgical discharges, as determined by APR-DRG codes, from 2009-2022 were aggregated for seven
NYC hospitals, four private and three public, via the Statewide Planning and Research Cooperative System (SPARCS). Statistical
analyses (Z-tests) were performed in Python.
Results: 325,351 patients were identified, 223,361 private and 101,990 public. Private hospitals had lower high-severity to
low-severity and higher high-mortality to low-mortality risk ratios relative to public hospitals (p < .001). Public hospitals treated
a higher proportion of stroke and trauma (p < .001). Average length of stay (LOS) was shorter at private hospitals compared
to public (5.3 vs. 7.1 days, p < .001). Statistical significance remained when stratifying for illness severity and elective versus
non-elective surgery status. Interestingly, cranial trauma cases were associated with a longer LOS in private hospitals relative to
public (7.9 vs. 5.7 days, p < .001).
Conclusions: While many factors influence outcomes in private versus public hospitals, LOS can mark the efficiency of care. LOS
was shorter at private hospitals in all instances except with cranial trauma. Care efficiency is important for hospital reimbursement,
which can directly impact available resources for patient care. These findings emphasize the need to further analyze patient
accessibility to neurosurgical care at private hospitals and the resources necessary to support neurosurgical practices within public
hospitals.
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1. INTRODUCTION
Healthcare disparities, or differences in the ways population
groups access and receive healthcare, remain a significant
problem in the US healthcare system. Although disparities-

related research has increased over the last decade, this area
still remains under-investigated within the medical literature,
a problem that also extends into the field of neurosurgery.[1, 2]

In the US, hospitals typically operate according to one of
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two major models: public hospitals, which are funded by a
public municipality, typically have more beds, and accept
nearly every form of insurance; or private hospitals, which
are owned privately (i.e. not by the government) and in
which patients pay for medical care out-of-pocket or through
private insurance.[3] These differences in structure and in-
surance acceptance mean that private and public hospitals
often serve different patient populations, though the specific
differences may vary depending on regional factors, such as
rural versus urban setting.[4, 5]

Due to their different sources of funding, public and pri-
vate hospitals also often differ in management and available
resources.[4] Differences in resource availability can pro-
foundly impact patient care and hospital care efficiency.[3]

Resource limitations can also be compounded by social de-
terminants of health, leading to chronic strain on persistently
under-resourced settings, an issue that became especially
apparent during the COVID-19 pandemic.[5] As billing struc-
tures in medicine evolve, efficiency of care has become an
important metric for practices across the nation.[1] Health-
care efficiency refers to achieving optimal health outcomes
while minimizing resource waste.[6] This is crucial to control
rising healthcare costs and to improve care quality.[6, 7] While
healthcare efficiency can be operationally defined and mea-
sured in many different ways, hospital length of stay (LOS)
is one measure that can be used.[8] Higher LOS is associ-
ated with increased hospital costs and adverse patient out-
comes, while lower LOS can reduce healthcare expenditures,
increase the number of available beds for newly admitted
patients, and allow for more efficient use of resources.[9–11]

Neurosurgery is a particularly resource-intensive field requir-
ing specialized equipment and imaging technology, highly
skilled staff, and ongoing operational expenses.[12] For this
reason, efficient allocation of surgical teams, technology, and
follow-up care is essential for balancing costs and optimizing
patient outcomes.[1] The extant literature is mostly written
from the experience of premiere academic centers and does
not necessarily reflect the community standard.[6] Further-
more, in order to understand disparities in efficiency of care,
it can often be difficult to compare hospitals separated greatly
by geography, patient population, and state legislation.

For these reasons, we have chosen to evaluate disparities in
the efficiency of neurosurgical care in the microcosm of New
York City (NYC). NYC has a small geographic catchment
area, a highly diverse patient population, is a hub of neurosur-
gical care, being home to over 130 neurosurgeons.[9] Further-
more, NYC contains several academic powerhouses as well
as one of the nation’s largest public health systems, NYC
Health + Hospitals (NYCHHC). New York also provides
public access to the Statewide Planning and Research Coop-

erative System (SPARCS) database, which collects patient-
level data on each in-state hospital admission. We therefore
sought to compare neurosurgical patient characteristics and
demographics, neurosurgical case patterns, and LOS as a
marker of efficiency of care between the private and public
hospitals in NYC over the course of a decade.

2. METHODS
2.1 Database collection
We used the SPARCS database to perform a retrospective
exploratory analysis of analyzed patients receiving neurosur-
gical care from 2009 to 2022 at the flagship hospitals of the
NYC private academic health systems: NYU Langone Hos-
pital, New York Presbyterian-Columbia (NYP-Columbia),
New York Presbyterian-Cornell (NYP-Cornell), Northwell
Lennox Hill, Mount Sinai Hospital; and the public NYC (NY-
CHHC) hospitals with neurosurgical care available: Bellevue
Hospital, Harlem Hospital Center, Kings County Hospital,
Elmhurst Hospital, Jacobi Medical Center, South Brooklyn
Hospital, and Lincoln Medical & Mental Health Center.

SPARCS uses All Patient Refined Diagnosis-Related Group
(APR-DRG) terms, a classification system that categorizes
patients according to their reason for admission, illness sever-
ity, and mortality risk. We identified APR-DRG terms cor-
responding to neurosurgical etiologies (see Appendix Table
1) and sorted the data to include procedures at the above-
mentioned private and public hospitals. Our patient cohort
met three criteria: (1) included in the SPARCS database, (2)
affiliated with one or more neurosurgical APR-DRG terms,
and (3) treated at one of the NYC hospitals listed above.

2.2 Grouping
Data were analyzed with hospitals divided into two cohorts:
private academic institutions and public hospitals. When
reviewing etiology types, APR-DRG codes were grouped
as follows: (1) cranial except trauma, (2) cranial trauma,
(3) shunt, (4) spinal except trauma, (5) spinal trauma, and
(6) stroke. The specific grouping of APR-DRG terms is
described in Appendix Table 2.

A subanalysis was done to compare a private Level 1 trauma
center with a public Level 1 trauma center in Manhattan.
The private trauma center was NYP-Cornell and the pub-
lic trauma center was NYCHHC-Bellevue Hospital. Patient
demographics, case distributions, and LOS, among other
variables, were compared between the two hospitals using
the above methods.

2.3 Data analysis
SPARCS data for reported race, APR-DRG term(s), illness
severity, risk of mortality, insurance type, case type, dispo-
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sition, and LOS were compiled for each patient. Data were
analyzed both cumulatively across the entire twelve-year pe-
riod and stratified by year to capture trends in each of the
measures from 2009 to 2022. All analyses were performed
in Python. For the comparison of proportions, we used the
Chi-square test with Bonferroni correction for multiple com-
parisons. For comparison of numerical means, a Z-test was
performed given the large dataset size, and an appropriate p-
value for significance was computed. A p-value of < .05 was
considered significant. The four APR-DRG illness severity
and mortality levels were collapsed into two categories (low
versus high) to simplify the analysis and interpretation while
maintaining sufficient statistical power.

Risk ratios (e.g., high-severity to low-severity ratio, high-
mortality to low-mortality ratio) were calculated by com-
paring the proportions of patient groups in each category
(e.g., number of high-severity cases divided by number of
low-severity cases). This method was used to compare the
incidence of specific clinical outcomes, such as LOS and
mortality, between public and private hospitals, with adjust-
ments for confounding factors where appropriate.

We also performed multivariate linear regression to assess
the impact of demographic, clinical, and hospital factors on
LOS. Interaction terms were included to test for synergis-
tic effects between key variables, including illness severity,
hospital type, age, etiology, and admission type.

Figure 1. This chart illustrates the distribution of included patients amongst public versus private hospitals

3. RESULTS

3.1 Database overview
A total of 325,351 patients were identified to meet inclu-
sion criteria across 2009-2022, 223,361 patients of whom
belonged to the private hospital cohort and 101,990 of whom
belonged to the public hospital cohort (see Figure 1). Patient
race, gender, and age group are outlined in Table 1. Most
notably, private hospitals had a much higher percentage of
White patients at 51.5% compared with 14.2% in public
hospitals and a lower percentage of Black patients at 11.6%
compared with 44.9% in public hospitals (p < .001). An
overview of all variables analyzed is included in Table 2.

3.2 Illness severity/Mortality risk scores
When comparing private and public hospitals, private hospi-
tals were found to have significantly lower illness severity
and mortality risk scores. In private hospitals, 29.3% of
cases were categorized as high illness severity vs. 33.5% in
public hospitals, leading to a high- to low-severity ratio of
0.415 in private hospitals vs. 0.503 in public hospitals (p <
.001). Regarding mortality risk, 20.5% of private hospital
cases were categorized as high mortality risk versus 25.8%
in public hospital cases, leading to a high- to low-mortality

risk ratio of 0.257 vs. 0.348 (p < .001).

Table 1. Demographic overview of patient population
included in the SPARCs database stratified by hospital type
(public vs. private) 

Hospital Type Private Public 

Gender (% Within Private) (% Within Public) 

Female 113,051 (50.6) 46,224 (45.3) 

Male 110,304 (49.4) 55,756 (54.7) 

Race   

Black/African American 25,956 (11.6) 45,818 (44.9) 

Multi-racial 4,101 (1.8) 299 (0.3) 

Other Race 78,331 (35.1) 41,314 (40.5) 

Unknown 0 (0.0) 53 (0.1) 

White 114,973 (51.5) 14,506 (14.2) 

Age Group   

0 to 17 15,158 (6.8) 3,781 (3.7) 

18 to 29 10,660 (4.8) 6,359 (6.2) 

30 to 49 42,425 (19.0) 19,179 (18.8) 

50 to 69 87,618 (39.2) 41,543 (40.7) 

70 or Older 67,500 (30.2) 31,128 (30.5) 

Total 223,361 101,990 
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3.3 Admission type
Private hospitals were also found to have a markedly higher
percentage of elective admissions compared to public hos-
pitals. While 54.8% of private hospital admissions were
elective, this was the case for only 7.0% of public hospital
admissions, with non-elective cases making up 93.0% of
their cases. In this manner, the elective versus non-elective
case ratio in private versus public hospitals was 1.210 vs.

0.075 (p < .001).

3.4 Insurance type
Private hospital patients significantly differed from public
patients in insurance type held (see Figure 2). When com-
paring the two groups, private hospitals had a significantly
higher proportion of privately to publicly insured patients
compared to public hospitals (p < .001).

Table 2. This table highlights the distribution of insurance type when stratified both by elective vs. non-elective cases and
by hospital type 

 Type of Admission* Total Elective Non-Elective 

Hospital Types Source of Payment*  (% within Private) (% within Public) 

Private 

Medicaid 21,413 9,005 (8.6) 12,408 (14.4) 

Medicare 67,048 30,797 (29.5) 36,251 (42.0) 

Other 7,058 5,691 (5.4) 1,367 (1.6) 

Private 72,067 46,201 (44.2) 25,866 (30.0) 

Self-Pay 2,151 797 (0.8) 1,354 (1.6) 

Unknown 21,018 11,962 (11.5) 9,056 (10.5) 

Public 

Medicaid 15,211 1,543 (42.2) 13,668 (28.2) 

Medicare 14,726 725 (19.8) 14,001 (28.9) 

Other 2,819 79 (2.2) 2,740 (5.7) 

Private 7,207 518 (14.2) 6,689 (13.8) 

Self-Pay 3,025 278 (7.6) 2,747 (5.7) 

Unknown 9,084 512 (14.0)  8,572 (17.7) 

Note. *p < .001 for Chi-square test of independence (association between electiveness and source of payment) 

 
 
 

 

3.5 Insurance stratified by admission type
Private and public hospitals varied when stratifying patients
by insurance and elective versus non-elective admission sta-

tus, as seen by Table 3. For both elective and non-elective
admissions, there was a significant association between hos-
pital type and payment source (p < .001)

Figure 2. This graph illustrates the distribution of insurance types by hospital type between public and private hospitals
which was statistically significant in difference (p < .001)
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Table 3. Comparison of mean length of stay between private and public hospitals across key variables 
 Private Public p-value 

Average Overall 5.31 ± 0.01 days  

(95% CI: 5.28-5.34) 

7.09 ± 0.03 days  

(95% CI: 7.04-7.15) 

< .001 

High Illness Severity 10.24 ± 0.04 days  

(95% CI: 10.15-10.33) 

12.66 ± 0.10 days  

(95% CI: 12.47-12.85) 

< .001 

Low Illness Severity 3.39 ± 0.01 days  

(95% CI: 3.37-3.41) 

4.89 ± 0.03 days  

(95% CI: 4.83-4.95) 

< .001 

Elective 3.66 ± 0.01 days  

(95% CI: 3.64-3.69) 

5.45 ± 0.12 days  

(95% CI: 5.23-5.68) 

< .001 

Non-Elective 7.50 ± 0.03 days  

(95% CI: 7.44-7.56) 

7.65 ± 0.04 days  

(95% CI: 7.56-7.73) 

< .001 

Etiologies    

Cranial Except Trauma 7.11 ± 0.04 days  

(95% CI: 7.03-7.19) 

12.57 ± 0.14 days  

(95% CI: 12.30-12.84) 

< .001 

Traumatic Cranial 7.91 ± 0.20 days  

(95% CI: 7.52-8.30) 

5.69 ± 0.08 days  

(95% CI: 5.53-5.85) 

< .001 

Shunt 5.50 ± 0.10 days 

 (95% CI: 5.30-5.70) 

9.13 ± 0.41 days  

(95% CI: 8.33-9.93) 

< .001 

Spinal Except Trauma 4.44 ± 0.02 days  

(95% CI: 4.40-4.48) 

9.69 ± 0.11 days 

 (95% CI: 9.47-9.91) 

< .001 

Spinal Trauma 4.63 ± 0.04 days  

(95% CI: 4.55-4.71) 

5.33 ± 0.05 days  

(95% CI: 5.23-5.43) 

< .001 

Stroke 5.22 ± 0.03 days  

(95% CI: 5.16-5.28) 

7.45 ± 0.04 days  

(95% CI: 7.37-7.53) 

< .001 

 
 

 

Figure 3. This graph illustrates the distribution of etiologies by hospital type between public and private hospitals which
was statisically signficiant in difference (p < .001)
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3.6 Etiologies
Case type distribution differed significantly between the pri-
vate and public hospitals (p < .001) (see Figure 3). Private
hospitals had a much higher proportion of non-traumatic
spinal and cranial etiologies while public hospitals had a
much higher proportion of traumatic etiologies and stroke
patients.

3.7 Length of stay (Private vs. public and severity low
vs. high)

When comparing hospital types, private hospitals had an av-
erage LOS of 5.34 days (95% CI: 5.28-5.34) compared to
7.10 days (95% CI: 7.04-7.15) for public hospitals (p < .001),
even when corrected for case severity (see Figure 4). For the

private hospital patients, average LOS was 10.2 days (95%
CI: 10.15-10.33) for high illness severity and 3.4 days (95%
CI: 3.37-3.41) for low illness severity. Correspondingly, for
the public hospital patients, average LOS was 12.7 days (95%
CI: 12.47-12.85) for high illness severity and 4.9 days (95%
CI: 4.83-4.95) for low illness severity (for both respective
comparisons, p < .001).

When stratifying specifically by case etiology, we observed
further variation (see Figure 5). For non-traumatic cranial,
non-traumatic spine, shunt, and stroke, the average LOS
was longer in the public hospitals (p < .001). For traumatic
cranial cases, the average LOS was significantly longer in
private hospitals (7.9, 95% CI: 7.51-8.31) vs. 5.7, 95% CI:
5.53-5.84) days, p < .001).

Figure 4. This graph illustrates the LOS between public and private hospitals which was statisically signficiant in
difference (p < .001) (A); Additionally, LOS of stay was further stratified by illness severity (B); and elective vs.
non-elective cases (C). There was statistically difference significance in all subdivisions (p < .001)

3.8 Discharge disposition
Private hospital patients significantly differed from public
patients in discharge disposition (see Figure 6) (p < .001).
In both private and public hospitals the majority of patients
were discharged home, but this occurred to a greater extent
in private patients (75.9% vs. 62.3%). Compared with pri-
vate hospital patients, public hospital patients had a higher
percentage disposition for rehabilitation (11.3% vs. 12.8%)
and skilled nursing facilities (9.9% vs. 13.4%). Notably, the

private hospital population had a lower proportion of patient
deaths compared to the public hospital population (0.9% vs.
5.6%). This is possibly attributable to lower illness severity
and greater elective cases in the private hospital patients com-
pared with the higher average severity and number of trauma
patients in the public hospital. Even upon further analysis,
rate of expiration by trauma to non-trauma ratio in the public
hospitals was 0.196, whereas in the private hospitals, the
ratio for rate of expiration was 0.118 (p < .001).
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Figure 5. This graph illustrates the LOS stratified by both hospital type and by etiology of patients. All etiologies divided
by public vs. private hospital showed statisically different LOS (p < .001)

Figure 6. This graph illustrates the discharge disposition stratified by hospital type. Private vs public hospitals showed a
statisically signficiant difference in disposition (p < .001)
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Figure 7. These graphs highlight the comparison between a Level 1 public and private hospital
(A) LOS was compared and showed statistically significant difference (p < .001); (B) LOS also stratified by elective and non-elective
cases; the statistically significant difference remained (p < .001); (C) LOS stratified by illness severity with the statistically significant
difference remaining (p < .001); (D) LOS stratified by hospital type and case etiology. All etiologies divided by public vs. private hospital
showed statistically different LOS (p < .001) with the singular exception of spinal trauma

3.9 Level 1 trauma center comparison
Overall, the public hospital had a lower LOS at 5.4 days (95%
CI: 5.28-5.54) vs. 7.6 days (95% CI: 7.19-8.03) at the private
hospital (p < .001) (see Figure 7). This relationship remained
when stratifying for illness severity and elective status (p
< .001). Notably, when stratifying by etiology, the public
hospital had a lower LOS for cranial trauma compared with
the private hospital (5.8, 95% CI: 5.37-6.22 vs. 7.8, 95% CI:
7.16-8.53) days, p < .001) and an equivocal LOS for spinal
trauma (public 5.1, 95% CI: 4.81-5.30 vs. private 5.1, 95%
CI: 4.92-5.26 days). The private hospital had lower LOS for
all other etiologies.

3.10 Multivariate regression analysis
Our multivariate model explained 31.2% of the variance in
LOS (R-squared = 0.312). Key factors significantly associ-
ated with increased LOS (all p < .001) included: Discharge
to skilled nursing facilities (β = 6.0543) or rehabilitation (β
= 4.0166), non-elective admissions (β = 3.9653), and public
hospitals (β = 2.1449). Factors associated with decreased
LOS included: lower illness severity (β = -2.6072) and lower
mortality risk (β = -3.1618). Significant interactions were ob-

served between: Age group and illness severity (β = 1.8885),
Admission type and illness severity (β = -1.8828), Etiology
and hospital type (β = -0.7651), Illness severity and hospital
type (β = -0.7033).

4. DISCUSSION

After evaluating the data of 325,351 patients over 11 years,
we calculated the unsurprising result that LOS at private
hospitals was significantly shorter than at public hospitals,
regardless of patient illness severity. Interestingly, there was
no statistically significant difference in illness severity be-
tween hospital systems.

The NYC population identifies as 31.9% White, 21.1% Black,
and 7.83% Hispanic.[13] Notably, public hospitals were also
found to serve nearly four times the percentage of Black
patients (63.8%). Current literature has characterized a wide
range of health disparities that disproportionately impact
minorities, with studies showing that Black patients are
less likely to be privately insured and more likely to be
uninsured relative to White patients.[14] In NYC, White
households have a median net worth of $102,960 compared
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with $53,075 for Black households and $49,275 for His-
panic households.[15] 16.6% of Black households and 19.9%
of Hispanic households fall below the poverty line com-
pared to 6.8% of White households.[15] When looking at
health outcomes, the total mortality per 100,000 is 575.3
for White, 796.3 for Black, and 624.5 for Hispanic individ-
uals.[15] These disparities can be especially pronounced in
densely populated urban centers like NYC. Therefore, this
study finding statistically significant differences in patient
race and insurance status between private and public hospi-
tals supports the notion that public hospitals care for a greater
proportion of the medically underserved population.

The assessment of patient insurance status provides an un-
derstanding of how the public and private hospital patient
populations differ. Only 15.4% of public hospital patients
were privately insured compared to 38.1% of private hospital
patients, and the percentage of uninsured patients (insur-
ance status was categorized as “self-pay”) was more than
five times higher for public hospitals compared to private
hospitals. Especially for elective procedures, care at private
institutions may be widely inaccessible for those without
insurance.

Public and private hospitals also differed markedly with
respect to their percentage of elective versus non-elective
admissions, with 93% of public hospital admissions being
non-elective versus only 45.2% of private hospital admis-
sions. All the public hospitals with neurosurgical services
available, and therefore included in this study, are Level 1
trauma centers. Only one private institution in Manhattan is
a Level 1 trauma center. This may explain why the public
hospitals as a whole see a far greater proportion of trauma:
public hospitals saw more than two times the percentage of
spine trauma and more than seven times the percentage of
cranial trauma. Several other factors may explain this differ-
ence. Prior research has demonstrated that non-white patients
are more likely to suffer traumatic injury than their White
counterparts,[16] which may also explain why public hospital
patients comprise a more diverse demographic makeup. This,
in conjunction with Level I Trauma Center status, may also
help explain the greater proportion of high-mortality-risk
patients treated at public hospitals. This trend also elucidates
a key financial burden on public hospitals. Chavez et al. es-
tablished that level 1 trauma centers primarily treat publicly
insured patients, with a negative average contribution mar-
gin fo Medicaid (-$8,979) and Medicare (-$2,145) patients
compared with privately insured patients (+$16,913) when
expected LOS was exceeded.[17] This is worsened by the fact
that LOS in trauma and emergency surgical settings is often
unpredictable, which could increase costs for public trauma
hospitals.[18]

Another major finding of this study was the significant dif-
ference in LOS between hospital systems. Inter-hospital
differences in LOS can carry significant ramifications for
hospital resources and funding; studies have shown that LOS
can statistically explain over 80% of the interpatient vari-
ation in hospital costs.[19] The association of cost burden
with increased of LOS was particularly exemplified by the
COVID-19 pandemic, in which patients admitted to the ICU,
requiring a mean LOS of 15 days, resulted in an average
charge of $198,394 and hospital cost of $54,402 compared
with the median charge of $43,986 and cost of $12,046 for
a median LOS of 5 days.[20] In our study, private hospitals
had a significantly lower LOS than public hospitals, a result
that stayed true regardless of high- or low-severity patient
status. A patient’s time spent in the hospital may feasibly be
impacted by many factors, both clinical and nonclinical. For
example, while illness severity and clinical characteristics
play a major role in determining LOS variability, signifi-
cant associations have been found between LOS and patient
age, race, sex, insurance status, discharge destination, and
Revised Trauma Score.[21–24] The significant differences
between private and public hospital patient populations eluci-
dated in our study, as well as the higher rate of non-elective
or traumatic cases in public hospitals, likely play a role in
explaining the public hospitals’ longer average LOS. Ad-
ditionally, similar trends have been previously established
showing that private spine neurosurgical centers treat a higher
proportion of younger and healthier patients, with a two-day
shorter average LOS.[25] Similar trends have also been seen
with reduced LOS in private hospitals compared with public
hopsitals in other specialties such as obstetrics/gynecology
and cardiology.[26, 27]

Our multivariate analysis further elucidates the complex in-
terplay of factors influencing LOS. Our model, which ac-
counted for 31.2% of the variance in LOS, revealed that
discharge disposition to SNF or rehabilitation facilities, non-
elective admission type, and public hospital type were the
strongest predictors of increased LOS. Disposition planning
in neurosurgery can be a critical factor delaying discharge, as
communication between insurance, the medical team, fam-
ily members, and rehabilitation facilities often results in a
patient’s LOS extending beyond the date they are medically
ready for discharge.[28, 29] Furthermore, we observed signifi-
cant interactions between key variables like age and illness
severity, admission type and illness severity, etiology and
hospital type, and illness severity and hospital type. These
interactions suggest that the effects of patient characteris-
tics and hospital factors on LOS are not uniform but vary
depending on other conditions. In particular, we found that
the effect of illness severity on LOS is moderated by several
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factors. For instance, the interaction between age and illness
severity (β = 1.8885) suggests that older patients with high
illness severity have disproportionately longer stays. This
is further supported in the neurosurgical literature, which
shows that non-White patients with conditions such as Chiari
I malformation present at an older age and are more likely
to be publicly insured with an associated increased LOS.[30]

The negative interaction between admission type and illness
severity (β = -1.8828) implies that for non-elective admis-
sions, the impact of high illness severity on LOS is less
pronounced. This could reflect more streamlined processes
for acute cases or quicker stabilization and transfer practices
for severely ill emergency patients.

Interestingly, the effect of illness severity on LOS also dif-
fered between public and private hospitals (β = -0.7033),
with public hospitals showing a smaller increase in LOS for
high-severity cases. This might indicate more efficient man-
agement of complex cases in public settings, possibly due to
their higher exposure to such cases. These findings highlight
potential areas for cross-system learning and resource allo-
cation to optimize LOS across different hospital types and
patient populations.

Prior studies have also suggested that LOS can serve as an
effective proxy for hospital efficiency and availability of an-
cillary support services such as social work or more robust
nursing care.[31–33] The disparities in LOS between private
and public hospitals may be attributable to variables affecting
efficiency of care including differences in funding, resource
availability, and staffing. For example, private academic cen-
ters have higher accessibility to novel minimally invasive
techniques such as laser interstitial therapy for epilepsy, re-
sulting in a decreased LOS for privately insured patients.[34]

Notably, public hospitals had a shorter LOS for traumatic
cranial etiologies and a similar LOS to private hospitals for
traumatic spinal etiologies. These differentiation points may
suggest that these hospitals are specialized for different pur-
poses. They are more adapted to the etiologies they more
commonly see, resulting in distinct LOS trends. The ob-
served shortened LOS for cranial trauma cases remained
stable when comparing public and private Level I trauma
centers. In this comparison, the decreased LOS for cranial
trauma patients at the public trauma center cannot be at-
tributable to the special processes put in place for Level I
trauma certification. This may be due to the difference in fo-
cus between the institutions, since there may be much greater
demand for resources for elective care and patients at the
private institution.

Ultimately LOS can serve as a marker of efficiency of care.
Efficiency of care is important for hospital reimbursement,

which can further facilitate building and maintaining re-
sources for patient care. With these disparities in LOS and
current reimbursement models, this can continue to perpetu-
ate disparities in resources and care moving forward. Current
hospital reimbursement models operate on a volume-based
payment system, though concern has been growing surround-
ing unsustainably rising healthcare costs that may not neces-
sarily correlate with improved quality of care.[35] Episode-
based bundled payments, which bundle payments to inpatient
and outpatient providers and services, incentivize controlling
costs and reducing readmission rates.[36] While this model
has not yet been applied to cranial neurosurgical procedures,
recent studies have investigated their potential to increase
cost efficiency and coordination of neurosurgical care.[37]

Additionally, enhanced recovery after surgery (ERAS) pro-
tocols offer a novel methodology to streamline workflows
and promote hospital efficiency to reduce LOS. Such meth-
ods have been recently developed in academic neurosurgical
settings with promising results.[38–40] However, while these
ERAS protocols have improved LOS and outcomes on av-
erage, there are still clear disparities, as non-White patients
within ERAS protocols still have higher average LOS com-
pared to White counterparts.[41] Therefore these areas pro-
vide promising areas of continued research to alleviate some
of the disparities affecting the current healthcare system.

Study limitations
Though APR-DRG terms were thoroughly assessed, and neu-
rosurgical terms were reviewed and confirmed by a board-
certified neurosurgeon, there is a possibility of unassessed
cases due to overlap with other specialties. Certain terms
had high potential of care with a non-neurosurgical primary
physician. While they were excluded to focus this analysis on
neurosurgery as directly as possible, they allow for potential
sample size loss. There is also a risk of overlap between our
included neurosurgical APR-DRG terms and other special-
ties due to the treatment of some etiologies such as spinal fu-
sion by non-neurosurgical specialists. Additionally, patients
in SPARCS are coded by diagnosis, not procedure, so this
database could be inclusive of non-operative patients. Fur-
thermore, the accuracy of the data in the SPARCS database
could not be assessed by our methods.

Additionally, while trends were analyzed over the entire span
of 2009 to 2021, COVID-19 likely impacted the cases shown
in 2020 and 2021. We attempted to mitigate this by including
more recent data from 2022.

5. CONCLUSIONS
Efficiency of care can be a marker of quality of care. In our
study, we are able to compare hospitals in a small geographic
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region with many neurosurgical specialists and use LOS as
a proxy for the efficiency of care at private and public hos-
pitals. LOS was seen to be shorter at private hospitals in all
instances except in traumatic cranial cases where the LOS is
shorter at public hospitals. This may imply that a hospital’s
clinical focus may translate into expanded resources for cer-
tain case types to improve the efficiency of care. These find-
ings indicate the need to further analyze patient accessibility
to neurosurgical care at private hospitals and the resources
necessary to support neurosurgical practices within public
hospitals.
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