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Abstract: Socioeconomic status, race, and insurance status are known factors affecting adult or-
thopaedic surgery care, but little is known about the influence of socioeconomic factors on pediatric
orthopaedic care. The purpose of this study was to determine if demographic and socioeconomic
related factors were associated with surgical management of pediatric supracondylar humerus
fractures (SCHFs) in the inpatient versus outpatient setting. Pediatric patients (<13 years) who
underwent surgery for SCHFs were identified in the New York Statewide Planning and Research
Cooperative System database from 2009-2017. Inpatient and outpatient claims were identified by
International Classification of Diseases-9-Clinical Modification (CM) and ICD-10-CM SCHF diagnosis
codes. Claims were then filtered by ICD-9-CM, ICD-10-Procedural Classification System, or Current
Procedural Terminology codes to isolate SCHF patients who underwent surgical intervention. Multi-
variable logistic regression analysis was performed to determine the effect of patient factors on the
likelihood of having inpatient management versus outpatient management. A total of 7079 patients
were included in the analysis with 4595 (64.9%) receiving inpatient treatment and 2484 (35.1%) receiv-
ing outpatient treatment. The logistic regression showed Hispanic (OR: 2.386, p < 0.0001), Asian (OR:
2.159, p < 0.0001) and African American (OR: 2.095, p < 0.0001) patients to have increased odds of
inpatient treatment relative to White patients. Injury diagnosis on a weekend had increased odds of
inpatient management (OR: 1.863, p = 0.0002). Higher social deprivation was also associated with
increased odds of inpatient treatment (OR: 1.004, p < 0.0001). There are disparities among race and
socioeconomic status in the surgical setting of SCHF management. Physicians and facilities should
be aware of these disparities to optimize patient experience and to allow for equal access to care.

Keywords: supracondylar humerus fracture; SCHF; pediatric; disparity; social deprivation

1. Introduction

In an effort to reduce healthcare costs and resource consumption, and thereby increase
healthcare value, there has been a recent transition of surgical management from the in-
patient to the outpatient setting across multiple fields [1,2]. For example, outpatient care
of pediatric orthopaedic day surgeries produced a cost savings of up to 43%, which was
attributed to reduced operating time and improved resource utilization [3]. In evaluating
the consequent benefits of this transition towards outpatient surgical care, pediatric supra-
condylar humerus fractures (SCHF) are a specific area of interest both due to their high
prevalence and their frequent need for surgical intervention [4]. While operative Gartland
Type III SCHFs are oftentimes admitted for urgent surgical management, prior studies have
documented that Gartland Type II fractures can be appropriately treated in an outpatient
setting [5,6]. Multiple studies have found no difference in complication rates depending on
the timing of the treatment, thus suggesting the safety of outpatient management of Type II
SCHFs [7-9].

Prior orthopaedic literature explored disparities in surgical care for adult patients re-
ceiving total knee arthroplasty and anterior cruciate ligament surgery, among others [10,11].
Such studies emphasize disparities in access to care due to factors such as race and ethnicity,
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often with non-White and Hispanic patients facing the greatest barriers or worse outcomes.
Other studies on pain management and orthopaedic care have similarly shown that patients
of lower socioeconomic status and those on government-sponsored health insurance also
face significant barriers to care [12,13]. Given the disparities of access to care shown in other
adult surgeries, it is possible that similar disparities exist in the care of pediatric patients,
limiting access to outpatient treatment despite the potential benefits and improved patient
satisfaction that outpatient care can provide [14]. Because the association between patient
factors and the likelihood of receiving inpatient or outpatient care is comparatively unex-
plored, we sought to investigate the relationship between pediatric patient demographics
and characteristics, and the likelihood of receiving inpatient treatment for pediatric SCHFs.

2. Materials and Methods

The New York Statewide Planning and Research Cooperative System (SPARCS)
database was used to identify pediatric patients <13 years old who underwent surgery
for SCHFs between the years of 2009-2017. SPARCS is an insurance database which
includes both inpatient and hospital-associated outpatient (emergency department, am-
bulatory surgery, and hospital-based clinic visits) claims in New York State. These claims
are filed by the patient’s International Classification of Diseases (ICD) diagnosis codes
and ICD/Current Procedural Terminology (CPT) procedure codes. IRB approval was not
required for this study given the use of a de-identified, publicly available database.

Inpatient and outpatient claims were analyzed by ICD-9 Clinical Modification (CM)
and ICD-10 CM SCHF diagnosis codes. These claims were filtered by ICD-9-CM, ICD-10
Procedural Classification System, or CPT codes to identify SCHFs that underwent surgical
intervention (refer to Supplemental Tables S1 and S2 for codes utilized). The first operation
for any patient was included for analysis.

Statistical Analyses

Patients were divided into inpatient and outpatient cohorts. Patient demographics
were compared amongst cohorts using chi-squared analysis. Mann-Whitney U tests were
used when continuous data were found to be not normally distributed. A multivariable
logistic regression was performed to assess the likelihood and odds ratio of receiving
inpatient treatment using the variables: patient age, sex, race/ethnicity, Social Deprivation
Index (SDI), day of diagnosis for surgery, and primary insurance type. “Other race” is
defined as other races/ethnicities excluding White, Hispanic, Asian, and African American,
but includes multiracial patients. SDI as described by Butler et al. was linked to each
patient based on ZIP code. SDI provides a quantitative measure of social determinants
of health by converting the following categories to an index from 1-100: percent living
in poverty, percent with less than 12 years of education, percent single parent household,
percent living in rented housing unit, percent living in overcrowded housing unit, percent
of households without a car, and percent non-employed adults under 65 years of age.
A higher SDI score equates to increased social deprivation. SDI data in this study were
based on 2015 statistics [15]. A p-value < 0.05 was considered significant across all statistical
analyses. All analyses were performed using SAS 9.4 (SAS Inc., Cary, NC, USA).

3. Results

In total, 7079 pediatric patients with SCHFs were included in the analysis with
4595 (64.9%) receiving inpatient treatment and 2484 (35.1%) receiving outpatient treat-
ment. The range for the number of inpatient cases captured per year was 390-647 and
158-374 for outpatient. There was a significant trend towards outpatient treatment over the
study period (p < 0.0001).

Multiple demographic differences were noted amongst the groups that underwent
inpatient versus outpatient treatment. The inpatient cohort included patients with younger
ages and higher social deprivation (Table 1). Inpatient management also had increased like-
lihood of male sex, Hispanic ethnicity, Asian and African American races, and a weekend
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injury diagnosis. On the contrary, the outpatient group had increased likelihood of female
sex, White race, and weekday injury diagnosis (Table 1).

Table 1. Patient demographics and characteristics, by primary surgery setting [16].

Outpatient Inpatient

n = 2484 (35.1%) n = 4595 (64.9%) p-Value
Age, median (mean, SD) 5(54,2.3) 5(5.3,2.4) 0.033
SDI, median (mean, SD) 48, (494, 31.2) 69 (58.9, 32.8) <0.0001
Race/Ethnicity, n (%)
White 1648 (66.3) 2175 (47.3) <0.0001
Hispanic 258 (10.4) 930 (20.2) <0.0001
Asian 125 (5) 385 (8.4) <0.0001
African American 167 (6.7) 524 (11.4) <0.0001
Other 286 (11.5) 581 (12.6) 0.1662
Sex, n (%)
Female 1246 (50.2) 2137 (46.5) 0.0033
Male 1238 (49.8) 2458 (53.5) -
Primary Insurance, n (%)
Private 2066 (83.2) 3862 (84.1) 0.3407
Federal 345 (13.9) 611 (13.3) 0.4869
Self-pay 73 (2.9) 122 (2.7) 0.4863
Day of Diagnosis
Weekday 2009 (80.9) 3190 (69.4) <0.0001
Weekend 475 (19.1) 1405 (30.6) -

Figure 1 depicts the SDI variation across New York for the ZIP codes with darker
areas representing higher social deprivation. There was substantial variation in the SDI
throughout the state, with urban areas generally having higher SDI (Figure 1). Figure 2
depicts the percentage of outpatient treatment by ZIP code. As an example, western Long
Island, which encompasses New York City and surrounding boroughs, represents higher
SDI scores in Figure 1 and higher rates of inpatient treatment in Figure 2.

The multivariable logistic regression showed Hispanic ethnicity, Asian, African Amer-
ican, and Other races had increased likelihood of inpatient treatment relative to White race.
White patients had a 59.2% inpatient treatment rate while Other races had rates above
70%. The group with the highest rate of inpatient management was Hispanic patients at
78.3% (Table 2).

Injury diagnosis on a weekend had increased odds of inpatient management. Federal
insurance had decreased odds of inpatient treatment relative to private insurance (Table 2).
Lastly, a higher SDI was also associated with increased likelihood of inpatient treatment
(Table 2).
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Figure 1. SDI scores by ZIP code in New York (1 to 100). Higher SDI scores represent higher social
deprivation. ZIP codes with gray color had no SCHF procedures included in the study.

0 1

Figure 2. The rate (0-1) of inpatient treatment by ZIP code. A value of 1 represents all procedures
were inpatient and a value of 0 represents all procedures were outpatient. ZIP codes with gray color

had no SCHF procedures included in the study.
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Table 2. Multivariable logistic regression for the odds of receiving inpatient management for SCHF [16].

Rate of Inpatient Management Odds Ratio Value
(64.9%) (95% CI) P
Age - 1.011 (0.99-1.033) 0.316
Sex
Males 63.2 - -
Females * 66.5 0.927 (0.838-1.026) 0.144
Race
White 59.2 - -
Hispanic ¢ 78.3 2.386 (2.022-2.815) <0.0001
Asian ¢ 75.5 2.159 (1.738-2.681) <0.0001
African American ¥ 75.9 2.095 (1.716-2.557) <0.0001
Other ¢ 72.1 1.421 (1.206-1.675) <0.0001
Primary Insurance
Privater 65.2 - -
Federal ® 63.9 0.831 (0.717-0.964) 0.0148
Self-pay 5 62.6 0.853 (0.629-1.157) 0.3054
Day of Diagnosis
Weekday 61.4
Weekend H 74.7 1.863 (1.651-2.101) <0.0001
SDI - 1.004 (1.002-1.006) <0.0001
* compared to males. ¥ compared to White race. b compared to private insurance. * compared to weekday
admission.

4. Discussion

The overall trend in pediatric SCHF treatment shows a significant shift towards
outpatient care in recent years [17]. This transition parallels other traditionally inpatient
orthopaedic procedures that have experienced similar changes including spine, large
joint arthroplasty, and trauma with equivalent if not improved clinical results alongside
a reduction in cost [14,18-20]. Studies on outpatient pediatric orthopaedic procedures, such
as those on pediatric anterior cruciate ligament reconstructions, have shown similar benefits
in outpatient treatment [21,22]. Furthermore, a 2018 study on pediatric SCHFs have shown
no difference in complications or clinical outcomes in outpatient care compared to inpatient
care, with significantly reduced operative times and cost in outpatients [23]. Considering
the other additional advantages of outpatient treatment, such as fewer scheduling delays
and increased autonomy for physicians, the overall transition towards outpatient care for
SCHFs is unsurprising [1].

It is critical to note that, while outpatient care is becoming more prominent and has
been shown to provide quality care with reduced costs for SCHF, it has not been a universal
movement for all patients. Importantly, some SCHF may warrant inpatient level of care,
such as type III fractures, those with neurovascular compromise, open fracture, or those
with concomitant forearm fractures putting the patient as high risk for compartment
syndrome. Despite the benefits of outpatient care for the remainder of SCHFs, there remain
socioeconomic and demographic factors that affect patient access to healthcare. Our study
showed that pediatric patients who were Hispanic, non-White or had increased social
deprivation were more likely to receive inpatient care, while those who were White were
more likely to receive outpatient treatment for SCHFs. Such results may be potentially due
to factors such as language barriers, resource disparity, or geographical issues. While there
are no previous studies on the socioeconomic patient characteristic differences between
inpatient or outpatient care for pediatric SCHF patients, recent studies on total hip and
total knee arthroplasties have emphasized that higher SDI scores are associated with
inpatient care, alongside African American race, and existence of comorbidities [16,24].
More specifically, a recent study of adult ambulatory surgical care in New York also reported
that Black and Hispanic patients had higher odds of receiving inpatient care [25]. Thus,
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although this is the first study to explore such disparities in the pediatric orthopaedic
population, these trends are likely not unique to pediatric SCHFs and provide insight into
the impacts of disparate care with respect to surgical setting.

There are likely more factors and considerations in evaluating this disparity in surgical
setting for SCHF surgical care. Parents and families of the patient may be limited due to
constraints of time and location, even if surgeons may support outpatient management of
pediatric SCHEF. This possibility is supported by a 2015 review of eligibility for inpatient
and outpatient care, which reported that a natural requirement for outpatient surgery was
a caregiver at home, no history of serious medical problems, and close proximity to the
surgical center [26]. It is also important to consider the respective healthcare options of the
patients who receive treatment at outpatient centers. While our study found that patients
with federal healthcare insurance were more likely to get outpatient care compared to
those with private insurance, the currently published literature has shown the opposite.
For example, a 2016 study of pediatric SCHF reported that privately insured patients had
2.46 times higher odds of undergoing outpatient surgery [26]. Other studies on pediatric
care have shown that Medicaid reimbursements are significantly lower and children insured
with Medicaid often have limited access to orthopaedic care nationwide [27]. In contrast,
our study showed that federal insurance had an increased chance of receiving outpatient
treatment. However, given that the difference in rate of outpatient treatment between
federal and private insurance was around 1%, this result, though statistically significant,
may not be of clinical significance.

There are several limitations to this study. As a database study our results rely on
the accuracy of medical coding. In addition, we were not able to control for more detailed
demographic factors that can be considered to be social determinants of health but were not
included in the database, such as occupational demands and cultural or language barriers.
We could not account for injury specific factors such as fracture type, fracture severity, or
patient pain level which would be expected to influence admission criteria. Prior research
shows that delayed care for Gartland Type III fractures may result in higher incidence
of compartment syndrome [28] and an increased need for open reduction [28,29]. This
may influence the treatment setting decision for Gartland Type III fractures. Therefore,
our results may have greater implications in Gartland Type II fractures which have been
noted to have minimal differences in complication rates between inpatient and outpatient
management [17,23]. Given that we were unable to control for fracture type/severity of
injury, an association could theoretically exist amongst a race or ethnicity and fracture
severity, and place this group at higher rate of inpatient or outpatient surgery accordingly.
Our study only included patients who are residents of New York State, thus national or
global trends cannot be directly inferred. However, New York has a very heterogeneous
population with high demographic variability among patients, providers, and facilities
which improves to generalizability to the United States but limits its generalizability to
countries with single-payer or more universal social health systems [30].

This study found that SCHF inpatient management was associated with disparities
among race and social deprivation and such findings are likely multifactorial, especially
when considering the need for postoperative monitoring of the patient, the availability
of a guardian to take care of discharged pediatric patients, the location of the outpatient
centers, and healthcare coverage. There are patient and physician benefits to outpatient
surgical care that may not be accessible to all patients and it is important to highlight
that such disparities exist. Further research needs to examine what other specific factors
may be playing a role in inpatient versus outpatient treatment such as fracture pattern,
proximity to hospital or surgery center, ease of transportation or public transportation,
among others. It is imperative that physicians and facilities be aware of these disparities,
discuss them openly, and strive to improve equal access to care and to optimize patient
experience and outcome.
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Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11154573/s1; Table S1: Diagnosis Codes For Supracondylar
Humerus Fractures; Table S2: Procedure Codes For Supracondylar Humerus Fractures.
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