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Background and Objectives: Socioeconomic factors are associated with health outcomes and can affect postoperative length of stay after congenital heart disease (CHD) surgery. The hypothesis of this study is that patients from neighborhoods with a disadvantaged socioeconomic status (SES) have a prolonged length of hospital stay after CHD surgery.



Methods: Pre- and postoperative data were collected on patients who underwent CHD surgery at the University of Maryland Medical Center between 2011 and 2019. A neighborhood SES score was calculated for each patient using data from the United States Census Bureau and patients were grouped by high vs. low SES neighborhoods. The difference of patient length of stay (LOS) from the Society for Thoracic Surgeons median LOS for that surgery was the primary outcome measure. Linear regression was performed to examine the association between the difference from the median LOS and SES, as well as other third variables.



Results: The difference from the median LOS was −4.8 vs. −2.2 days in high vs. low SES groups (p = 0.003). SES category was a significant predictor of LOS in unadjusted and adjusted regression analyses. There was a significant interaction between Norwood operation and SES—patients with a low neighborhood SES who underwent Norwood operation had a longer LOS, but there was no difference in LOS by SES in patients who underwent other operations.



Conclusions: Neighborhood SES is a significant predictor of the LOS after congenital heart disease surgery. This effect was seen primarily in patients undergoing Norwood operation.



KEYWORDS
length of stay, congenital heart disease, surgery, pediatrics, socioeconomic status





Introduction

Socioeconomic factors at the individual and neighborhood levels affect the health of children and adults in the United States. Lower socioeconomic status (SES) neighborhood scores in Baltimore, Maryland, are associated with a greater all-cause mortality in adults when compared with the known effects of sex, race, and individual poverty status (1). Living in disadvantaged neighborhoods increases the risk for coronary events in adults, even if race, personal economic factors, and medical risk factors are taken into account (2). Similarly, in communities with lower income, the mortality in children with complex chronic conditions is higher (3). Outcomes for children with congenital heart disease are also affected by socioeconomic factors. Children with government-sponsored insurance are at increased risk for mortality, readmission, and prolonged length of stay (4–9). Lower neighborhood SES is also associated with increased mortality (10, 11), readmission rates (12), and length of stay (8, 11) after congenital heart disease (CHD) surgery.

Race also affects healthcare outcomes. However, the interaction between race, ethnicity, and SES is complex (13). Black males with family income below the poverty level have been shown to have the overall highest mortality compared with other demographic groups, but mortality is even lower if they live in a neighborhood of higher SES (1). Asthma readmission rates are higher in Black children and in children living in areas of poverty (14). Similarly, race is a variable associated with outcomes in CHD patients. Non-White patients experience a lapse in pediatric cardiac care at a younger age than White patients (15). Black and Hispanic children with CHD have an increased risk for postoperative mortality, as shown in most studies (16–20), although some studies show no effect of race on mortality (4, 8). Black race and low neighborhood income are risk factors for prolonged length of stay in neonates after CHD surgery (8). Bucholz et al. (10) found an interaction between race and neighborhood SES, with White patients from neighborhoods of high SES having a borderline survival advantage after the Norwood procedure over those from lower SES neighborhoods, while there was no difference in mortality by neighborhood SES in Black patients. Studies, to date, have analyzed the effect of neighborhood socioeconomic factors on readmission rates and length of stay in specific high-risk CHD patient populations (10, 12), and have been performed in a healthcare system different from the US system (21), or have used solely median zip code income as the neighborhood economic indicator (5, 7, 11). The hypothesis of this study is that pediatric patients from neighborhoods with a disadvantaged SES have a prolonged length of hospital stay after CHD surgery.



Methods

This study was a single-center, retrospective chart review of patients who received care at the University of Maryland Medical Center Children's Hospital in Baltimore, Maryland, an urban tertiary medical center, following CHD surgery. The University of Maryland Baltimore Institutional Review Board approved the study. A total of 282 benchmark procedures, as defined by the Society for Thoracic Surgeons (STS), were performed on pediatric patients aged from birth to 18 years of age between 11 June 2011 and 31 December 2019. If the patient underwent multiple benchmark surgeries during the study period, the first surgery was used for analysis. Patients were excluded if they died before discharge or if an address at the time of surgery was not available. Patient demographic and surgical data were previously collected at our center for submission to the STS Congenital Heart Surgery Database. From the STS database, we collected the following data: sex, preoperative respiratory failure or insufficiency, chromosomal abnormality, race/ethnicity (as identified by the patient or parent, STS uses the categories for race—Caucasian, Black/African-American, Asian, American Indian/Alaskan Native, Native Hawaiian/Pacific Islander, or other and ethnicity—non-Hispanic/Latino or Hispanic/Latino), benchmark surgery (arterial switch, arterial switch with ventricular septal defect closure, atrioventricular septal defect repair, coarctation repair, Fontan procedure, Glenn procedure, Norwood procedure, tetralogy of Fallot repair, truncus arteriosus repair, or ventricular septal defect closure), primary language, primary payor, age at surgery, weight at surgery, hospital LOS, and postoperative complications. The address at the time of surgery was verified in the medical record. Additional data, such as inotrope doses, history necrotizing enterocolitis, and need for sedation weaning for withdrawal symptoms, were abstracted from the medical record.

Date of surgery and date of discharge to home were used to calculate the postoperative length of stay. The STS releases data harvest reports every 6 months, which include the database results for the previous 4 years, including median length of stay by benchmark surgery. Ranges for the STS median length of stay by procedure are shown in Table 1. The STS median length of stay for the appropriate benchmark surgery from the harvest closest to the patient's date of surgery was subtracted from the patient's actual length of stay to obtain a difference from the STS median hospital length of stay.


TABLE 1 Range of STS median length of stay (varies for each 6-month harvest).
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An SES score for each patient was calculated using methods described by Diez et al. (2) The patient's home address at the time of surgery was used to find a Geocode from the United States Census Bureau. This Geocode was then used to obtain six variables for the patient's census block group from the Census Bureau database: median household income (dollars), median home value (dollars), residents with a professional or managerial job (percentage), households receiving income from interest, dividends, or rent (percentage), residents over 25 years of age who completed high school (percentage), and residents over 25 years of age who completed college (percentage). For each category, a Z-score was calculated using our patient population mean and standard deviation. Although previous studies used an SES score that was the sum of the Z-scores, we found that median home value was missing for some census block groups. Since the missing values tended to be from census block groups with lower z-scores for other variables, we decided to use a mean of the z-scores for the SES score rather than excluding those patients. The SES score was dichotomized to greater than or less than zero, with greater than zero being a higher neighborhood SES score.


Statistical analysis

Data are presented as frequencies for categorical variables and as means or medians for continuous data with either standard deviation or interquartile range (IQR) depending on the normality of the distribution. The difference in the medians test was used to compare the difference from the STS median hospital LOS in patients with an SES score greater than zero and less than zero. Stepwise linear regression was used to examine associations of variables with the difference from the STS median hospital LOS. Variables with a significant association with the difference from the STS median hospital LOS, such as preoperative respiratory problems, reoperation, unplanned cardiac catheterization, need for sedation wean, and inotrope score, were evaluated using linear regression to determine their role as confounders or effect modifiers. Interaction factors were also tested in the predictive model, including the interaction between SES score and Black race, and included in the final model if they were statistically significant. All statistical analyses were performed using IBM SPSS Statistics Version 27 (IBM Corp., Armonk, New York, USA). The results were considered significant if the p-value was less than 0.05.




Results

Data were obtained on 251 patients. Demographic and preoperative patient characteristics are presented in Table 2. Eighty-one patients underwent surgery as a neonate and had a median gestational age of 38 weeks (IQR 38–40) and a median birth weight of 3.2 kg (IQR 2.4–4). The frequencies of postoperative complications are reported in Table 3.


TABLE 2 Demographic and preoperative factors.
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TABLE 3 Frequencies of complications.
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The difference from the STS median hospital LOS was −2.2 days in patients with a low neighborhood SES score and −4.8 days in patients with a high neighborhood SES score (p = 0.003). There was no difference in hospital LOS by racial or ethnic group.

A simple linear regression analysis showed a significant relationship between the difference from the STS median hospital LOS between a high SES score and a low SES score (β = 13.99, intercept = 8.169, p = 0.019)—patients from low SES score neighborhoods (SES score <0) had a longer hospital length of stay (or a larger positive difference from the STS median LOS) than those from high SES score neighborhoods (SES score >0) (Table 4). Multiple patient, preoperative, and postoperative factors were associated with a longer difference from the STS median LOS (Table 4). Race and ethnicity were not associated with the difference from the STS median hospital LOS. Those variables that were significantly associated with the SES score, and are thus potential confounders, are shown in Table 5.


TABLE 4 Unadjusted model.
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TABLE 5 Logistic regression analysis results: odds ratios indicate odds of living in neighborhood with the SES score below the mean.
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Multiple linear regression showed that SES score, Norwood operation, preoperative respiratory insufficiency, reoperation, superficial wound infection, and government insurance were all significant predictors of difference from the STS median hospital LOS (Table 6). All these variables were associated with a longer LOS. A significant interaction was noted between SES score and preoperative respiratory insufficiency, showing that the combination of living in a low SES score neighborhood and having preoperative respiratory insufficiency was associated with an even longer LOS than the added time associated with each variable alone. There was also a significant interaction between the SES score and the Norwood operation, meaning that the effect of a lower neighborhood SES was greater for patients who underwent the Norwood procedure than for those who underwent other procedures. A further stratified analysis of the Norwood and non-Norwood groups, also presented in Table 6, showed that a lower SES score was a predictor of a more positive difference from the STS median hospital LOS in the Norwood group of patients (i.e., in patients after they underwent the Norwood operation), although the p-value was only 0.055, but not in the non-Norwood group of patients. Adjusting the model for reoperation and government insurance in the Norwood group showed no further association between the SES score and the difference in the STS median hospital LOS. The SES score was not a predictor of the difference from the STS median hospital LOS in patients who underwent other surgeries. Although race was not significantly associated with the difference from the STS median hospital length of stay, assessment for effect modification of race on SES score did show that, while the SES score did not predict LOS in Black patients, it was a significant predictor for LOS in non-Black patients. The median difference from the STS median LOS for Black patients was −4.2 days for those from a high SES score neighborhood and −3.2 days for those from a low SES score neighborhood (p = 0.537). For non-Black patients, it was −5.2 days for those from a high SES neighborhood and −1.4 days for those from a low SES neighborhood (=0.002). The association between the SES score and the difference from the STS median LOS in non-Black patients was not significant when adjusted for the Norwood operation (Table 6).


TABLE 6 Adjusted models.
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Reoperations were done in 48 patients but were more likely done after the Norwood operation (n = 20) with an odds ratio of 10.4 (p < 0.001) compared with those done after other operations. In some cases, this included patients who stayed in the hospital during the performance of the Norwood and Glenn operations, with Glenn being considered the reoperation.



Discussion

It is increasingly recognized that socioeconomic and racial disparities impact healthcare delivery and both short- and long-term outcomes in children with CHD (22–26). In this retrospective single institution study, we sought to assess the impact of neighborhood SES score and race on hospital LOS after CHD surgery. We found that CHD surgical patients with a lower neighborhood SES score had a longer hospital LOS when compared with patients with a higher neighborhood SES score. Anderson, et al. (11) previously described similar findings in their retrospective review of the Pediatric Health Information System (PHIS) database. Children from the lowest-income neighborhoods undergoing cardiac surgery had 1.18 times the odds of mortality and 7% longer lengths of stay than children from the highest-income neighborhoods. However, only median annual household income by patient zip code was used as the determinant of SES.

A subanalysis in our patients showed that the neighborhood SES score was primarily a predictor of the difference from the STS median hospital LOS in patients after the Norwood operation. However, it did not quite reach statistical significance (p = 0.055), and this may be attributed to the fact that the number of patients in this group did not provide sufficient power. Similar to our study, a retrospective review of the National Pediatric Cardiology Quality Improvement Collaborative data also showed that a low SES (measured by the deprivation index) was associated with an increased LOS following first surgical palliation in patients with hypoplastic left heart syndrome (27). Similar results were seen in other single-center studies (28, 29). In contrast, a study evaluating neighborhood SES and outcomes following Norwood surgery found that a low SES was associated with worse 1-year transplant-free survival but with no significant differences in LOS (10).

Adjusting the model for reoperation in the Norwood group in our study showed no further association between SES and the difference from the STS median hospital LOS. In most cases, the reoperation was the Glenn surgery, and therefore, the patients with the longer LOS included those who stayed in the hospital after the Norwood operation until their Glenn operation. The interstage period is a vulnerable stage in the care of single ventricle patients requiring close surveillance, complex feeding protocols, outpatient medical equipment, and homecare service needs, all of which results in greater resource utilization (29). Some patients require hospitalization during the interstage for medical reasons, but healthcare providers are more likely to keep interstage infants from low socioeconomic and minority backgrounds in the hospital until the performance of the Glenn operation because of real or perceived concerns about lack of family support systems, reduced financial resources, language barriers, transportation challenges, or poor access to home healthcare services. SES has been previously shown to be a predictor of likelihood for discharge in the interstage period (30). An analysis of the PHIS database noted an increased LOS in Black neonates after CHD surgery and suggested that hospitals may develop care pathways that prolong LOS to mitigate risk in socioeconomically disadvantaged patients, which may have resulted in improved survival rates observed in Black neonates in their study (22).

When assessing the impact of race on LOS, this study demonstrated no significant difference from the STS median hospital LOS between Black and non-Black patients. However, when we assessed the effect modification of race on SES, SES was significant predictor for LOS in non-Black patients, with high SES patients having a shorter LOS. Bucholz et al. (10) similarly found that White patients with high SES had a significant survival advantage over White patients with low SES. The same was not true for Black patients in that study either. The lack of returns in health-related outcomes with higher SES in Black patients has been previously observed in adults after acute myocardial infarction and has been attributed to “diminishing return” hypothesis—Black patients with high SES do not always enjoy the health benefits of increased SES seen by White patients (10). Proposed mechanisms are that minorities living in areas with some of their own racial groups may have poorer health, may have less social support, and greater discrimination with stretched financial resources (10).


Limitations/explanations

The neighborhood SES score used in our study may not be a true indicator of individual-level SES. Lower-income families living in high-income neighborhoods have been shown to have higher mortality (31), and neighborhood SES has also been shown to have effects on health outcomes beyond the SES of individual patients (2). The racial and ethnic composition of our patient population is different from that seen in other centers, which may limit the generalizability of our findings. An additional limitation is that we used the mean of Z-scores of the six variables of the SES because the median home value was missing for some census block groups. This is in contrast to previous studies that used an SES score that was the sum of the Z-scores. We did not verify all the data that were previously entered for our STS submission, and therefore, it is possible that some data are inaccurate. There were also some missing data, although these were limited. We used the first surgery of patients to avoid correlation of outcomes between patients, but this skewed the distribution of surgeries (i.e., more patients who underwent the Norwood surgery were included compared with those who underwent the Glenn/Fontan surgery).




Conclusion

As advances in medical, surgical, and post-operative care have significantly helped improve the outcomes of children with congenital heart disease, recent focus has shifted to exploring the role of socioeconomic and racial disparities as additional potentially modifiable factors. Our study contributes to a growing body of literature suggesting the role of SES and race in outcomes of patients with CHD. Modifying practices to screen for these disparities, instituting customized multidisciplinary care pathways, and advocating for increased community healthcare resources to fill these gaps can further help improve CHD outcomes. Providers should also take into account their biases with regard to the ability of a family from a disadvantaged socioeconomic background to provide home care.
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