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Objective: Technology-dependent children with medical complexity (CMC) are frequently admitted to the pediatric intensive care unit (PICU). The social risk factors for high PICU utilization in these children are not well described. The objective of this study was to describe the relationship between race, ethnicity, insurance status, estimated household income, and PICU admission following the placement of a tracheostomy and/or gastrostomy (GT) in CMC.

Study Design: This was a retrospective multicenter study of children <19 years requiring tracheostomy and/or GT placement discharged from a hospital contributing to the Pediatric Health Information System (PHIS) database between January 2016 and March 2019. Primary predictors included estimated household income, insurance status, and race/ethnicity. Additional predictor variables collected included patient age, sex, number of chronic complex conditions (CCC), history of prematurity, and discharge disposition following index hospitalization. The primary outcome was need for PICU readmission within 30 days of hospital discharge. Secondary outcomes included repeated PICU admissions and total hospital costs within 1 year of tracheostomy and/or GT placement.

Results: Patients requiring a PICU readmission within 30 days of index hospitalization for tracheostomy or GT placement accounted for 6% of the 20,085 included subjects. In multivariate analyses, public insurance [OR 1.28 (95% C.I. 1.12–1.47), p < 0.001] was associated with PICU readmission within 30 days of hospital discharge while living below the federal poverty threshold (FPT) was associated with a lower odds of 30-day PICU readmission [OR 0.7 (95% C.I. 0.51–0.95), p = 0.0267]. Over 20% (n = 4,197) of children required multiple (>1) PICU admissions within one year from index hospitalization. In multivariate analysis, Black children [OR 1.20 (95% C.I. 1.10–1.32), p < 0.001] and those with public insurance [OR 1.34 (95% C.I. 1.24–1.46), p < 0.001] had higher odds of multiple PICU admissions. Social risk factors were not associated with total hospital costs accrued within 1 year of tracheostomy and/or GT placement.

Conclusions: In a multicenter cohort study, Black children and those with public insurance had higher PICU utilization following tracheostomy and/or GT placement. Future research should target improving healthcare outcomes in these high-risk populations.
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INTRODUCTION

Nearly one-third of health care costs for children are attributed to the one percent of children with medical complexity (CMC), in part due to their need for frequent hospitalizations (1, 2). In the United States (US), a subset of technology-dependent CMC rely upon life-sustaining medical technologies, including gastrointestinal and respiratory devices (3). Because of their medical fragility and the complication rate of medical devices, technology-dependent children are at risk for high hospital utilization, including frequent admissions and need for intensive care. An estimated 20% of admissions to a US pediatric intensive care unit (PICU) are children with a tracheostomy or gastrostomy tube (GT) (4).

The risk factors for PICU admission in technology-dependent children have not been well described but are likely similar to risk factors for general hospital admission including younger age and higher medical complexity (5). There is some evidence to suggest that technology-dependent children of minority race and those living in poverty with inadequate environmental conditions are at risk for repeated emergency department visits, prolonged hospital stays, and hospital readmission, and have a higher mortality (6–9).

The poor outcomes experienced by technology-dependent children could reflect the challenge families experience in caring for CMC at home (6). Families consistently report difficulties in both navigating the healthcare system and unmet health needs including lack of subspecialty care (10, 11). These challenges are likely much worse in socially and economically disadvantaged families. Optimal health outcomes for technology-dependent children require sophisticated care coordination centered within the medical home (10).

The relationship between poor living conditions and poor health in children is well documented (11). The impact of social factors including poverty, racism, inadequate insurance coverage, inadequate housing, food insecurity, and insufficient healthcare access may be most detrimental in technology-dependent children and mitigating the risk of PICU utilization requires understanding these risk factors. Yet little is known about the relationship between social factors and PICU utilization. Therefore, the primary objective of this study was to use a multicenter database of US children's hospitals to test the hypothesis that social factors including estimated household income, insurance status, and race predict high PICU utilization, defined as need for PICU readmission within 30-days of discharge from the hospital following initial placement of tracheostomy or GT. Secondary outcomes included repeated PICU admissions, and total hospital costs within 1 year following tracheostomy or GT placement.



METHODS


Data Source

Data for this retrospective, multicenter cohort study was obtained from the Pediatric Health Information System (PHIS) a quality-controlled database of over 45 tertiary children's hospitals located in non-competing markets across the US associated with the Children's Hospital Association (Lenexa, KS). PHIS accounts for 15% of US pediatric hospitalizations and contains comprehensive patient-level data including demographics, admission and discharges dates, International Classification of Diseases, Tenth Revisions, Clinical Modification (ICD-10-CM, ICD-10-PCS) diagnosis and procedure codes, billing data, and disposition data (12). Although the database is de-identified, encrypted patient identification numbers allow investigators to track subjects across multiple hospitalizations. The study protocol was reviewed by the University Hospitals Institutional Review Board and deemed exempt from ethical approval and oversight (STUDY20201822).



Study Population

Children <19 years of age with a procedure code for a tracheostomy (ICD-10-PCS: 0B110F4, 0B113F4, 0B114F4) or GT (ICD-10-PCS: 0DH60UZ, 0DH63UZ, 0DH64UZ) discharged from a PHIS hospital from January 2016 through March 2019 were included in the study cohort as index hospitalizations and data collection continued for 365 days after discharge from index hospitalization, until March 2020 (6, 8).



Data Collection and Study Protocol

The primary outcome of interest was PICU utilization within 30 days of discharge from the index hospitalization. PICU utilization was defined by presence of the PICU “flag”, which identifies PICU level of care (excluding neonatal ICU care) through billing codes. Other outcomes examined included repeated (>1) PICU admissions and total accrued hospital costs within 365 days of discharge from index hospitalization, hospital length of stay (LOS) at index admission, 30-day hospital readmission, and discharge disposition for children requiring repeated hospital admissions within the one-year observation period. Because hospital readmissions and total hospital costs were outcomes of interest, children who died on the index admission or subsequent readmissions, and children with missing cost data were excluded.

The primary sociodemographic predictors included patient income, race/ethnicity, and insurance. The median household income provided by PHIS was obtained by linking patients' ZIP codes to data from the US census bureau. The 2016 federal poverty threshold (FPT) for a family of four with two children was $24,339 (13). For this study, subjects were categorized into four groups based on the FPT and its percentage multiples, which are commonly used as eligibility criterion for various federal programs (14). Race and ethnicity were categorized White, Black, Asian, Hispanic or Latino, or “other,” which included Pacific Islander, American Indian or Alaskan Native, other race, or mixed race. Insurance status was categorized into private, public or “other,” which included patients classified as charity, self-pay, no hospital bill associated with subject, or “other payor.” Additional predictor variables for the outcomes of interest included age, analyzed as a categorical variable, sex, number of chronic complex conditions (CCC) using the classification system proposed by Feudtner et al., history of prematurity or low birthweight, and discharge disposition at index hospitalization, categorized as discharge to home, discharge to home with health services, or discharge to another healthcare facility (Supplementary Table 1) (15, 16). Children with missing predictor variables including income, race/ethnicity, insurance, sex, or discharge disposition were excluded (Figure 1).
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FIGURE 1. Patient flow diagram showing inclusion and exclusion criteria.




Statistical Analysis

The demographics of study subjects at index hospitalization were summarized using descriptive statistics. All variables were categorical and presented as frequencies and percentages. Univariate associations between predictor variables and outcomes of interest including PICU readmission within 30 days of index hospitalization, >1 PICU admission within 365 days of index hospitalization, 30-day hospital readmission, discharge disposition at index admission, and discharge disposition after repeated admissions, were analyzed using chi-square tests. Variables associated with these outcomes in univariate analysis (p < 0.05) and the primary predictors of interest (race, ethnicity, median household income and insurance status) regardless of statistical significance, were included in multivariate logistic regression analyses. For the continuous outcomes of hospital LOS at index admission and total hospital costs within 365 days of index hospitalization, we observed that these outcomes were positively skewed and violated the normality assumption. Therefore, we assessed the relationship between predictor variables and the continuous outcomes using univariate and multivariate generalized linear models using the gamma distribution with a log-link. Presence of multi-collinearity between the predictors was checked by the variation inflation factor [VIF] and no substantial multi-collinearity (defined as VIF > 5) was observed. For the outcome of discharge disposition after repeat hospital admissions, we included the population of patients who experienced a 365-day readmission, excluding those with an unknown discharge disposition on subsequent discharges (n = 22), for a final cohort of 14,959 patients. For patients experiencing multiple discharges during the one-year observation period, we categorized them based on the highest level of care used (Healthcare facility > Home with health services > Home). In the multinomial logistic regression analysis, we used “Home” as the comparison category. For all analyses, p < 0.05 were considered statistically significant and odds ratios were considered significant if the 95% confidence intervals did not include 1. All analyses were conducted using R software, version 4.0.3.




RESULTS

There were 20,085 children <19 years of age who were admitted for a tracheostomy or GT placement to one of 49 PHIS hospitals during the study period. Demographics and clinical characteristics at index hospitalization are found in Table 1. Most children were <1 year of age (58%), White (62%), and had public insurance (63%). Over two-thirds of children lived in a low-income ZIP code where the median household income was <200% of the FPT. Nearly all children (n = 19,876) were classified as having a chronic complex condition, with technology-dependence (93%), gastrointestinal (89%), and neurologic/neuromuscular (34%) being the most common categories (Supplementary Table 2). Only 15% of children in this cohort were discharged home with health services, and there were differences in patient demographics and clinical characteristics based on discharge disposition (Supplementary Tables 1, 3).


Table 1. Patient demographics and clinical characteristics at index admission in a cohort of technology-dependent children.
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Only 6% (n = 1,264) of children required a PICU readmission within 30 days of discharge from the index hospitalization (Table 2). In an adjusted multivariate model, public insurance was associated with higher odds of 30-day PICU readmission [OR 1.28 (95% C.I. 1.12–1.47), p < 0.001], while living below the FPT was associated with a lower odds of 30-day PICU readmission [OR 0.7 (95% C.I. 0.51–0.95), p = 0.0267].


Table 2. Univariate and multivariate analysis of characteristics associated with a 30-day PICU readmission in a cohort of technology-dependent children.
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Over 20% (n = 4,197) of children required multiple (>1) PICU admissions within one year from the index hospitalization (Table 3). In univariate analysis, there were differences in age, race, insurance, number of chronic complex conditions, history of prematurity or low birthweight, procedure received, and discharge disposition between children who did and did not require multiple PICU hospitalizations. In multivariate analysis, Black children [OR 1.20 (95% C.I. 1.10–1.32), p < 0.001] and those with public insurance [OR 1.34 (95% C.I. 1.24–1.46), p < 0.001] had higher odds of multiple PICU admissions. Estimated household income level was not an independent predictor of high PICU utilization in this cohort of children.


Table 3. Univariate and multivariate analysis of characteristics associated with >1 365-day PICU readmission in a cohort of technology-dependent children.
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Race, ethnicity, household income and insurance were not associated with total hospital costs accrued in the 14,981 children who were admitted within one year of the index hospitalization following tracheostomy/GT placement (Table 4). In these children, multivariate models demonstrate that discharge disposition at index admission was the strongest predictor of discharge disposition upon subsequent hospitalizations; the impact of race/ethnicity, insurance status and estimated household income was negligible in comparison (Supplementary Table 4).


Table 4. Univariate and multivariate analysis of characteristics predictive of total hospital costs 1 year after tracheostomy/GT placement.
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Children who were Black or of “other” race, had low household incomes, and public insurance all had higher odds of longer hospital LOS during their index admission. In multivariable regression analyses, Black children experienced a 27% longer LOS compared to White children [OR 1.27 (95% C.I. 1.21–1.33), p < 0.001], children living below the poverty threshold had a 22% longer LOS compared to children living at >200% FPT [OR 1.22 (95% C.I. 1.11–1.33), p < 0.001], and children with public insurance had an 11% longer LOS than children with private insurance [OR 1.11 (95% C.I. 1.06–1.15), p < 0.001] (Supplementary Table 5).

Within 30 days of the index hospitalization, 34% (n = 6,754) of children were readmitted to the hospital (Supplementary Table 6). In the multivariable model, Hispanic ethnicity [OR 1.10 (95% C.I. 1.02–1.19), p = 0.018], Black race [OR 1.23 (95% C.I. 1.14–1.34), p < 0.001), and public insurance [OR 1.31 (95% C.I. 1.22–1.40), p < 0.001] were associated with higher odds of 30-day hospital readmission. In this model, children with an estimated household income between 100 and 150% FPT had lower odds of 30-day hospital readmission [OR 0.88 (95% C.I. 0.81–0.95), p < 0.001).



DISCUSSION

Technology-dependent children are at high risk for hospital admission and PICU utilization because of their medical fragility and complications inherent in their medical devices. The overall objective of this study was to understand if social risk factors for high PICU utilization existed in this patient population. To our knowledge, this is the first study to show differential PICU utilization based on insurance or race in a cohort of medically complex children.

There are several important observations made in this study. First, over two-thirds of children in this study were living in low-income households. While we did not show any clinically meaningful differences in PICU utilization based on estimated household income, the financial implications of supporting a medically complex child should nonetheless be considered when counseling families. Families consistently report financial and logistical complications in caring for medically complex children (17–20). In an observational study of 167 CMC with high rates of technology dependence, over half of families reported financial difficulties related to their child's health, and two-thirds reported that a family member had decreased work hours to care for their child (20). The burden on families is likely underestimated, as only 15% of children in our cohort were discharged home from the index hospital admission with skilled nursing care, a percentage that decreased to 8.7% following subsequent hospital discharges. In this study, we did not find socioeconomic factors to be strongly associated with discharge disposition, however. Prospective studies are needed to understand how family financial stress impacts the risk for acute illness in their technology-dependent child.

Second, compared to children of other races, Black children had unfavorable health outcomes following placement of a tracheostomy and/or GT. They had longer hospital LOS during the index hospitalization, 20% higher odds of 30-day hospital readmission, and 20% higher odds of multiple PICU admissions within one year of the index hospital stay. Differential quality of healthcare based on patient race is a well described pervasive flaw in our healthcare system (21). However, there are few studies investigating differences in the risk of pediatric critical illness or in PICU utilization based on race (22–24). There are numerous studies describing racial/ethnic disparities in neonatal intensive care. A recently published systematic review including 41 articles outlined pervasive differences in access to high quality healthcare systems, healthcare delivery, and neonatal patient outcomes, based on race (25). Studies show high risk Black infants are less likely to be referred to neonatal follow up clinics, and Black mothers report experiencing indifferent and ineffective communication from medical staff, impacting effective family-centered care (26–29). There is also adult literature to suggest that Black families are more likely to choose life-sustaining medical technology for their kin following cardiac arrest, trauma, and stroke, but suffer from more adverse events, worse patient experiences, and less improvement in functional outcomes when receiving home health care (30–35). Our study design precludes understanding why technology-dependent Black children have higher hospital and PICU utilization. But like the neonatal and adult populations, if hospital processes and healthcare systems are inadequate to educate, engage and assist Black families caring for medically complex children, and if the pervasive institutional racism isn't eliminated, then repeated admissions are likely (21).

Third, like Black race, public insurance was also associated with high PICU utilization including 30-day PICU readmission and multiple PICU admissions within a year of index hospitalization. Public insurance has repeatedly been associated with high hospital utilization in pediatric patients (24, 36, 37). Upon hospital discharge, parents of publicly insured children are more likely to make errors in discharge plans, perhaps related to the prevalence of low literacy in this population (38). In the community, many publicly insured children receive primary care in resource limited settings where high patient volumes may limit the face time with providers (39). Similarly, children with public insurance are less likely to have a medical home, and less likely to receive high-quality family-centered care, factors which will undoubtedly affect technology- dependent children (40, 41).

Fourth, it was unexpected that lower household income was not associated with higher PICU readmission rates. Multiple markers of low socioeconomic status, including household income, have consistently been associated with increased risk for repeated hospital admissions (42, 43). There are several reasons why income, race and insurance status may have had different influence on our study outcomes, which are likely reflective of the differential impact these variables have on population health, and study design limitations. “Social determinants of health” is an imprecise concept describing the interplay between inequalities in social position and inequalities in health. Defining social position is equally challenging and is conceptualized as a person's standing and power within social hierarchies, influenced by multiple factors including but not limited to, socioeconomic status, education, employment, gender, and race (44). Studies like this one reinforce that while race, income and insurance status are related, they are distinct measures that should be considered differently when designing interventions to mitigate their negative effect (45). Study design limitations also likely influenced our results. Hospitals within the PHIS database are primarily academic teaching centers located in large cities with higher rates of public insurance and lower median household income, compared to national data (46). Institution of medical technology is likely to occur at these tertiary hospitals, but low acuity readmissions to community hospitals for suburban and rural families will be missed by the PHIS database.

This study has additional limitations important to consider. First, we used an observational design in this study, so we are unable to establish a causal relationship between our exposure variables and PICU utilization. Second, it is a retrospective database study dependent upon high-quality database governance of participating tertiary academic children's hospitals. While generalizability of our findings may be limited, PHIS data is likely reflective of the care provided at over 200 children's hospitals and pediatric facilities within general hospitals that provide most critical care services for US children (12, 47, 48). Third, the identification of our study cohort with ICD codes could be inaccurate, however previous studies have suggested identification of tracheostomy and GT placement using this methodology has high sensitivity and specificity (49, 50). Fourth, the sociodemographic predictor variables may be inaccurate. Race and ethnicity may be misclassified in our patients, but prior work suggests that administrative data is adequate for identifying Hispanic and non-Hispanic ethnicity, and White and Black race (51). PHIS provides an estimated household income based on ZIP code, which is an imperfect, but likely accurate measure of socioeconomic status. Previous studies have identified ZIP codes as an adequate surrogate for neighborhood-based deprivation (52, 53). Fifth, readmission rates are likely underestimated, as children receiving care at hospitals not within the PHIS database are not included. Lastly, database studies do not provide any information on specific clinical reasons why children are readmitted, ability to identify clinical confounders is limited, and results can only be viewed as hypothesis generating.



CONCLUSION

This large multicenter cohort study of technology-dependent children demonstrated differences in PICU and hospital utilization based on race and insurance status. While future prospective studies are necessary to validate our findings, they suggest that socially vulnerable children and their families are over-burdened by hospitalizations following institution of medical technology. Aggressive interventions to prevent multiple, high-risk, resource-heavy hospital admissions and readmissions must be started by anchor healthcare institutions, including the tertiary children's hospitals represented in this study, even before we understand why these differences exist.
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Characteristic Entire cohort n = 20,085

Admit age
<1 month 6,454 (32%)
1-12 months. 5,176 (26%)
1-2 years 1,880 (9.4%)
2-5 years 2,221 (11%)
5-11 years 2,128(11%)
>11 years 2,226 (11%)

Male 10,953 (55%)

Hispanic or Latino ethnicity 3,908 (19%)

Race
White 12,418 (62%)
Black 3,826 (19%)
Asian 702 (3.5%)
Other 3,139 (16%)

Median household income (% FPT)
>$48,678 (>200%) 6,396 (32%)
$36,509-$48,678 (150-200%) 6,288 (31%)
$24,339-§36,509 (100-150%) 6,487 (32%)
<§24,339 (<100%) 914 (4.6%)

Insurance
Private 7,001 (35%)
Public 12,729 (63%)
Other 356 (1.8%)

Number of complex chronic conditions
1 or fewer 656 (3.3%)
2t04 14,307 (71%)
50r more 5,122 (26%)

History of prematurity/low birthweight 3,232 (16%)

Procedure received
aT 16,822 (84%)
Tracheostomy 1,509 (7.5%)
Both 1,754 (8.7%)

Discharge disposition
Home 15,444 (77%)
Home with health services 3011 (15%)
Healthcare facility 1,630 (8.1%)

Statistics presented as n (%); FPT, federal poverty threshold: GT, gastrostomy tube.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





