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Background: Racial health disparities are responsible for ~$50 billion in excess annual healthcare expenditures, 
driven in part by unequal access to preventive services. We thus studied cost differences in abdominal aortic 
aneurysm repair (AAA), coronary artery bypass graft (CABG), and colon resection for malignancy (COL), as the 
elective status of these procedures suggest greater access to preventive care and screening.
Methods: All adult hospitalizations for AAA, CABG, and COL were identified using the 2011–2020 National 
Inpatient Sample. Generalized linear models were developed to assess cost differences for emergent versus 
elective surgeries across different racial groups.
Results: Of an estimated 3,069,339 patients, 1,300,717 (42.4%) underwent an emergent operation. The pro
portion of procedures performed emergently increased from 39.4 in 2011 to 44.5% in 2020 (p < 0.001). After 
risk adjustment, emergent procedures were associated with a $13,645 (95%CI 13,470-13,820) increment in per- 
patient hospitalization costs compared with elective, representing a 33% relative difference. The overall adjusted 
cost difference of emergent surgery was higher for Black ($15,552), Hispanic ($14,525), and Asian/Pacific Is
landers ($16,887) patients as compared to White patients ($13,086; all p < 0.001). Emergent surgery was 
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associated with increased adjusted odds of experiencing in-hospital mortality and all major examined post
operative complications, as well as being linked with increased length of stay.
Conclusions: Over a decade, the conversion of only 10% of such procedures to planned elective cases would be 
associated with $1,774,882,977 in cost savings nationally. With racial minorities experiencing the maximal 
detriment both clinically and financially, implementing proven strategies can help reduce race-based disparities 
and annual healthcare expenditures.

Introduction

Healthcare-related expenditures in the United States have exhibited 
overwhelming growth over the last several decades, with a more rapid 
rate of rise noted in recent years [1]. Such expenditures are anticipated 
to account for nearly 20% of the US Gross Domestic Product (GDP) by 
2028 [1]. Thus, a myriad of strategies to curb spending and ensure the 
sustainability of the current paradigms- including bundled payments 
and pay-for-performance models- have been enacted with mixed results 
[2]. With >45 million inpatient operations performed annually, mar
ginal savings in surgical admissions hold the potential to yield sub
stantial reductions in costs of care at a large scale [3]. A large body of 
literature has identified patients and hospital factors that may influence 
the costs of surgical care across a wide spectrum of procedures [4].

Using data ending in 2010, Haider et al. suggested reducing the 
burden of emergency operations to provide meaningful cost savings 
while yielding better clinical outcomes for select diagnoses that are 
amenable to generalized screening [5]. The authors posited that a 
modest 10% reduction in the proportion of emergent procedures for 
conditions that the Affordable Care Act provides screening service for 
without a co-pay/coinsurance- such as coronary artery disease, 
abdominal aortic aneurysm (AAA) repair and colon cancer- would result 
in nearly $1 billion in savings over a decade. Subsequent reports have 
reached conflicting conclusions on whether the proportion of emergency 
cases has actually declined [6–9]. Such lack of equipoise may, in part, be 
explained by known socioeconomic disparities in the prevalence of 
screening and operative outcomes across the US. Wallace et al. noted 
Black patients to receive far less screening for colorectal cancer with a 
persistent gap noted in recent years even after controlling for gender, 
family income, education level, and number of physician visits per year 
[10]. While previous work has shown that ethnic minority patients with 
colorectal cancer are more likely to present as emergencies requiring 
surgery [11]. This is similar when considering both coronary artery 
bypass grafting (CABG) in which Black patients are less likely to undergo 
elective operations, as well as AAA repair in which Black patients have 
been shown to present with more severe disease at the time of initial 
major vascular operation [12–14]. Although multiple studies have 
underscored the role of early screening in reducing the incidence of 
emergent procedures, the evolution of cost disparities between emer
gent and elective procedures and the potential influence of race remain 
uncharacterized in contemporary practice [15,16]. Given recent en
deavors to benchmark healthcare costs at a large scale, the quantifica
tion of unplanned procedures and their associated costs are particularly 
relevant.

The present study characterized national trends as well as acute 
clinical and financial outcomes of all hospitalizations for coronary artery 
bypass grafting, abdominal aortic aneurysm repair, or colectomy for 
malignancy over the past decade. We hypothesized a reduction in the 
proportion of emergency operations over the past decade but persis
tently higher mortality, complications, and costs of care in non-elective 
cases. We further hypothesized that minority races to be associated with 
increased odds of warranting emergency surgery and increased hospi
talization costs.

Methods

All adult (≥18 years) hospitalizations for coronary artery bypass 

grafting, abdominal aortic aneurysm repair, or colectomy for malig
nancy were tabulated from the 2011–2020 National Inpatient Sample 
(NIS). Maintained as part of the Healthcare Cost and Utilization Project, 
the NIS is the largest publicly available all-payer inpatient database in 
the United States. Using validated sampling methodology and discharge 
survey weighting, the NIS provides national estimates for 97% of all 
inpatient US hospitalizations.

Using previously validated International Classification of Diseases 
9th and 10th Revision (ICD-9 and ICD-10) codes, procedures and di
agnoses of interest were identified [5,17–19]. These diagnoses were 
selected due to their potential to be identified on routine screening, thus 
avoiding emergency operations, as previously described [5]. Patients 
with concurrent admission diagnosis codes for trauma or injury were 
excluded. Records missing information on key data including hospital
ization costs, and race, were excluded (Supplemental Fig. 1). Patients 
were classified as Elective if they underwent a planned procedure and 
were otherwise considered Emergent.

Patient and hospital attributes were ascertained using ICD-9/10 
codes in alignment with the NIS HCUP data dictionary and included 
age, sex, race, primary payer type, zip code–adjusted income quartile, 
hospital ownership, hospital teaching status, and hospital region [20]. 
The modified Elixhauser Comorbidity Index, a previously validated 
composite score encompassing 30 comorbidities, was employed to 
numerically estimate the burden of comorbidities of each patient [21]. 
Additionally, postoperative complications were analyzed using previ
ously reported ICD-10 codes and included neurologic, cardiac, respira
tory, intraoperative, renal, thromboembolic, and infectious 
complications. Hospitals were divided into low-, medium- and high- 
volume tertiles based upon annual institutional operative caseload 
each year. Accordingly, hospitals performing ≤20 procedures annually 
were categorized as low-volume centers, where as those conducting 
between 21 and 104 procedures per year were classified as medium- 
volume institutions. All others were classified as high-volume hospitals.

The primary outcome of interest was hospitalization costs, which 
were generated through the application of hospital-specific cost-to- 
charge ratios (CCRs) to overall inpatient charges, with further inflation 
adjustment and conversion into 2020 US Dollars using the Bureau of 
Labor Statistics Personal Healthcare Price Index [22]. NIS-provided 
hospital-specific CCRs are formulated using standardized data on inpa
tient costs and charges reported by hospitals to the Centers for Medicare 
and Medicaid. More specifically, inpatient charges, outpatient charges, 
and total costs extracted from the Healthcare Cost Report Information 
System are divided into cost centers, with Routine Care, Specialty Care, 
Labor & Delivery, and Ancillary Services Groups cost centers being used 
for the calculation of the inpatient CCR. This categorization of inpatient 
charge proportions, delineated by service groups, serves the purpose of 
mitigating the potential impact of data entry errors and facilitates more 
precise estimations of inpatient costs [23]. Thus, the provided CCRs are 
specific to individual hospitals, hospital systems, and peer groups and 
allow for the estimation of the total costs of each patient stay. The pri
mary aim of this study was to characterize the impact of emergent 
surgery on inflation-adjusted hospitalization costs. Secondary outcomes 
included associated mortality, trends over time, complications, and 
postoperative length of stay (LOS).

The significance of temporal trends was determined using a non- 
parametric rank-based test developed by Cuzick [24]. Continuous var
iables are reported as medians with interquartile range (IQR) or mean 
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with standard deviation, while categorical variables are shown as pro
portions (%). The Adjusted Wald and Pearson’s χ2 tests were used to 
assess the significance of intergroup differences for continuous and 
categorical variables, respectively. Given the potential differences in 
characteristics between the Elective and Emergent cohorts, entropy 
balancing was utilized prior to the application of regression models to 
provide a doubly robust adjustment [25]. Entropy balancing is a 
reweighting method that has been shown to be superior to propensity 
matching as it retains the entire sample while simultaneously addressing 
the balance of covariates between the groups. Following entropy 
balancing, we used generalized linear models with gamma distributions 
for costs were used to evaluate the association of emergency surgery 
with outcomes of interest. Subset analyses were performed separately 
within different racial groups so as to further assess potential cost dif
ferences, with White, Black, Hispanic, and Asian/Pacific Islander (API) 
comprising the four subgroups. As previously described, mean cost dif
ferences between elective versus emergent procedures were then paired 
with national weighted estimates of total cases to calculate potential 
cost savings if 10% of emergent procedures were performed electively 
[5]. Additionally, risk-adjusted models were developed to evaluate the 
association between emergent admission status and other outcomes of 
interest, as well as identify index patient and hospital factors associated 
with non-elective admission. Covariate selection was performed using 
elastic net regularization, which is an automated method that reduces 
collinearity and optimizes model generalizability [26]. Regression out
puts are reported as adjusted odds ratios (AOR) for discrete and beta 
coefficients (β) for continuous variables, both with 95% confidence in
tervals. Statistical analysis was performed using Stata 16.0 (StataCorp 
LLC, College Station, TX) with significance set at α = 0.05. This study 
was deemed exempt from full review by the Institutional Review Board 
at the University of California, Los Angeles.

Results

Of an estimated 3,069,339 patients meeting inclusion criteria, 
1,300,717 (42.4%) underwent an emergent operation. Detailed cohort 
characteristics are shown in Table 1. The majority of the Emergent cohort 
was admitted for CABG (71.8 vs 50.1%), while the Elective cohort was 
more commonly admitted for AAA repair (10.7 vs 6.6%), and colectomy 
(39.2 vs 21.6%, all p < 0.001). Compared with Elective, Emergent patients 
were on average younger (67 [58–75] vs 68 [60–75] years, p = 0.01), 
more commonly male (67.6 vs 65.9%, p < 0.001), and had a higher 
Elixhauser comorbidity index (2.06 ± 2.38 vs 1.72 ± 2.18, p < 0.001). 
Moreover, Emergent patients were more frequently in the lowest income 
quartile (29.1 vs 25.5%), uninsured (4.7 vs 1.4%), and received opera
tions at high volume centers (87.8 vs 84.7%, all p < 0.001). While the 
majority of patients in this study were insured by Medicare, Black, 
Hispanic, and API patients more frequently underwent emergent pro
cedures, were uninsured, and were treated at governmental, non-federal 
hospitals as compared to White patients (Fig. 1, all p < 0.001).

The proportion of procedures performed emergently increased from 
39.4 in 2011 to 44.5% in 2020 (nptrend<0.001, Fig. 2A). Although the 
proportion of emergent colectomy cases (28.5 to 30.6%, p = 0.22) 
remained the same throughout the study period, there was a substantial 
rise in non-elective AAA repair (28.3 to 43.0%, p < 0.001) and CABG 
procedures (49.1 to 51.8%, p = 0.01), with a similar pattern across races. 
Similarly, the proportion of White, Black, and Hispanic patients un
dergoing emergent operations increased significantly over the 10-year 
period (Fig. 2B). Additionally, the unadjusted differential in costs be
tween emergent and elective procedures increased each year, with 
emergent operations portending a $19,982 increment in hospitalization 
costs in 2020 as compared to $17,059 in 2011 (Fig. 3, p < 0.001).

After risk adjustment using generalized linear models, emergent 
procedures were associated with a $13,645 (95% confidence interval 
(CI) 13,470–13,820) increment in per-patient hospitalization costs 
compared with elective, representing a 33% relative difference. The 

mean cost difference was $15,992 (95% CI 15199–16,783; 35% in
crease) for AAA repair, $10,848 (95% CI 10628–11,067; 22% increase) 
for CABG, and $8694 (95% CI 8446–8942; 39% increase) for colon 
resection. Subset analyses were performed for different racial groups, 

Table 1 
Demographic, clinical, and hospital characteristics.

Elective 
(n =
1,768,622)

Emergent 
(n =
1,300,717)

P- 
Value

Age (years, median [IQR]) 68 [60–75] 67 [58–75] 0.01
Sex (%) <0.001

Female 34.1 32.4
Male 65.9 67.6

Race/Ethnicity (%) <0.001
White 80.6 75.0
Black 7.7 9.7
Hispanic 6.1 8.3
API 2.6 3.0
Other 3.0 4.0

Primary Operation (%) <0.001
AAA 10.7 6.6
CABG 50.1 71.8
Colectomy 39.2 21.6

Elixhauser Comorbidity Index 
(mean ± SD) 1.72 ± 2.18 2.06 ± 2.38 <0.001

Community Income Percentile (%) <0.001
>75% 21.8 18.9
51–75% 24.8 23.5
26–50% 26.2 26.5
0–25% 25.5 29.1

Insurance Coverage (%) <0.001
Private 32.2 27.4
Medicare 58.9 55.6
Medicaid 5.1 8.8
Uninsured 1.4 4.7

Comorbidities (%)
Congestive Heart Failure 14.0 25.6 <0.001
Coronary Artery Disease 51.4 63.1 <0.001
Cardiac Arrythmias 32.7 41.2 <0.001
Valvular Disease 18.2 17.5 <0.001
Hypertension 74.1 79.0 <0.001
Pulmonary Hypertension 3.7 5.8 <0.001
Peripheral Vascular Disease 19.3 17.4 <0.001
Chronic Lung Disease 20.3 22.5 <0.001
Chronic Liver Disease 1.2 1.0 <0.001
Obesity 20.6 22.9 <0.001
Electrolyte/Fluid Disorders 24.3 40.4 <0.001
Coagulopathy 7.4 10.3 <0.001
Anemia 4.7 7.9 <0.001
Diabetes 33.4 40.4 <0.001
Hypothyroidism 9.8 8.7 <0.001
Chronic Kidney Disease 1.9 3.6 <0.001
Rheumatologic Disease 2.2 2.3 0.02
Cerebrovascular Disease 4.0 7.2 <0.001

Hospital Location/Teaching Status 
(%) <0.001
Rural 5.6 4.4
Urban Non-Teaching 24.7 24.5
Urban Teaching 69.8 71.1

Hospital Volume Status (%) <0.001
Low 2.6 2.0
Intermediate 12.7 10.2
High 84.7 87.8

Hospital Region (%) <0.001
Northeast 17.0 18.4
Midwest 22.6 19.7
South 43.0 45.0
West 17.4 16.9

Hospital Ownership (%) <0.001
Government, Nonfederal 8.7 9.4
Private, Non-Profit 78.5 75.2
Private, Investor-Owned 12.7 15.3

- Values are reported as proportions (%) unless otherwise specified.
*IQR, Inter-Quartile Range; SD, Standard Deviation; API, Asian/Pacific Islander; 
AAA, Abdominal Aortic Aneurysm Repair; CABG, Coronary Artery Bypass Graft.
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with similarly higher associated costs noted for emergency surgery in all 
groups. The overall adjusted cost difference of emergent surgery was 
higher for Black ($15,552; 95% CI 14934–16,171), Hispanic ($14,525; 
95% CI 13828–15,223), and API ($16,887; 95% CI 15567–18,208) pa
tients as compared to White patients ($13,086; 95% CI 12897–13,275; 
all p < 0.001). This increased cost difference observed in non-White 
races was consistent even when each procedure was analyzed individ
ually (Fig. 4; all p < 0.001).

On counterfactual analysis, we calculated the potential cost savings 
if 10% of emergent procedures had been conducted in an elective 
manner, as suggested by Haider et al. [5] Total cost savings of 
$137,026,052, $1,012,930,091, and $244,585,721 would be realized if 
10% of emergent AAA repair, CABG, and colectomy for neoplasm, were 
converted to elective procedures respectively (Table 2). Over a decade, 
the conversion of only 10% of such procedures to planned elective cases 
would be associated with $1,774,882,977 in cost savings nationally.

Emergent surgery was associated with increased unadjusted and 
adjusted odds of experiencing in-hospital mortality and all major 
examined postoperative complications, as well as being linked with an 
increased LOS (Supplemental Table 1). During the study period, the 
proportion of White and API patients experiencing in-hospital mortality 
declined significantly after emergent surgery, while the rate remained 
steady among Black and Hispanic patients (Supplemental Fig. 2A). 
Alternatively, major complication rates after emergent surgery 
remained statistically similar over the study period, with the White race 
exhibiting the lowest unadjusted rate (Supplemental Fig. 2B).

Risk-adjusted analysis stratified by race revealed non-White race to 
be associated with generally inferior outcomes after emergent surgery as 
compared to White (Table 3). While the Hispanic race was associated 
with lower odds of in-hospital mortality, Black and API patients faced 
similar odds relative to their White counterparts. Notably, Black, His
panic, and API races were all associated with higher odds of experi
encing major complications and facing a longer LOS relative to patients 
of the White race. Additionally, Black, Hispanic, and API race were 
associated with increased odds of experiencing multiple postoperative 

Fig. 1. Proportions of Patients Requiring Elective vs Emergent Operations by 
Racial Group, Insurance Type and Procedure Type.

Fig. 2. Trends in Proportion of Procedures Performed Urgently from 2011 to 2020 Stratified by (A) Procedure Type and (B) Race.

Fig. 3. Unadjusted Difference in Hospitalization Costs of Elective vs Emergent Procedures over Time.
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complications as compared to White race.
A number of factors, including Black (Adjusted Odds Ratio (AOR): 

1.19, 95% CI 1.16–1.22), Hispanic (AOR: 1.21, 95% CI 1.16–1.25), and 
API (AOR: 1.11, 95% CI 1.07–1.15; all p < 0.001) races remained 
associated with increased odds of requiring emergent surgery (Ref: 
White) (Supplemental Fig. 3). Increasing income quartile was inversely 
related to decreasing odds of undergoing emergent surgery. 

Furthermore, being treated at private non-profit hospitals (AOR: 0.92, 
95% CI 0.87–0.97, p = 0.003) was associated with a decreased likeli
hood of undergoing emergent surgery, which was in contrast to private 
investor-owned hospitals (AOR: 1.12, 95% CI 1.05–1.20, p = 0.001) that 
exhibited increased odds relative to government/non-federal hospitals.

Discussion

This national retrospective cohort study examined decade-long 
trends in the burden of emergency operations, as well as associated 
costs and clinical outcomes. Focusing on specific pathologies deemed 
potentially modifiable in urgency through screening, we found the 
proportion of emergency AAA repair, CABG, and colectomy for neo
plasms to have continued to rise. In particular, emergent surgery ex
penditures continued to rise over the study period and were associated 
with a +$13,645 mean per-patient cost difference compared to their 
elective counterparts. Disparities in the augmented costs of emergent 
operations were especially amplified among Black, Hispanic, and API 
patients. Importantly, a modest conversion of 10% of emergent cases to 
scheduled elective procedures could have potentially generated cost 
savings surpassing $1.7 billion. Additionally, in-hospital mortality was 
significantly higher in patients undergoing unplanned procedures. 
Taken together, our data suggests that, despite abundant literature 
emphasizing the risks associated with emergency operations, there has 
been limited progress in augmenting the share of planned cases.

The proportion of AAA repair, CABG, and colectomy cases performed 
emergently aligns with prior reports [9,27]. Notably, the proportion of 

Fig. 4. Adjusted Mean Per-patient Hospitalization Costs for Emergent and Elective Admissions Among Patients Who Underwent AAA Repair, CABG, or Colon 
Resection stratified by race.

Table 2 
National estimates of potential costs savings for 10% conversion of emergent to 
elective admission.

Surgery Weighted 
Emergent 
Cohort

Mean Cost 
Difference 
($)

Accrued Cost 
Savings After 10% 
Conversion¥ ($)

95% CI of 
Accrued Cost 
Savings

AAA 85,686 15,991.65 137,026,052.19
130,239,978- 
143,812,041

CABG 933,725 10,848.27 1,012,930,090.58
992,416,152- 
1,033,444,029

Colectomy 281,306 8694.65 244,585,721.29 237,603,509- 
251,568,130

Total 1,300,717 13,645.42 1,774,882,976.61
1,752,132,136- 
1,797,633,818

- All costs in 2020 US Dollars ($).
* AAA, Abdominal Aortic Aneurysm Repair; CABG, Coronary Artery Bypass 
Graft; CI, Confidence Interval.
¥ Calculated by multiplying 10% of weighted emergent cohort by mean cost 
differences between emergent and elective admissions

Table 3 
Adjusted clinical outcomes of patients undergoing AAA, CABG or colectomy stratified by race.

Black Hispanic API

AOR/ β 95%CI P-Value AOR/ β 95%CI P-Value AOR/ β 95%CI P-Value

In-Hospital Mortality (%) 1.02 0.95–1.09 0.56 0.87 0.80–0.93 <0.001 1.02 0.91–1.14 0.75
Major Complications (%) 1.24 1.21–1.27 <0.001 1.24 1.21–1.27 <0.001 1.25 1.20–1.30 <0.001

Neurologic 1.22 1.14–1.31 <0.001 1.01 0.94–1.09 0.75 1.06 0.94–1.20 0.31
Cardiac 0.98 0.95–1.01 0.28 1.05 1.02–1.09 0.001 1.02 0.97–1.07 0.57
Respiratory 1.11 1.08–1.14 <0.001 1.16 1.12–1.20 <0.001 1.05 0.99–1.11 0.07
Intraoperative 1.13 1.06–1.20 <0.001 1.18 1.10–1.26 <0.001 1.24 1.13–1.37 <0.001
Renal 1.46 1.42–1.50 <0.001 1.04 1.01–1.07 0.02 1.06 1.01–1.11 0.03
Thromboembolic 1.33 1.23–1.43 <0.001 0.98 0.89–1.08 0.69 0.79 0.67–0.93 0.01
Infectious 1.11 1.06–1.17 <0.001 1.14 1.08–1.21 <0.001 1.05 0.96–1.14 0.31

Multiple Complications (%) 1.34 1.24–1.44 <0.001 1.13 1.06–1.19 <0.001 1.08 1.04–1.12 <0.001
LOS 0.82 0.71–0.92 <0.001 0.16 0.06–0.27 0.002 0.16 0.02–0.31 0.03

* API, Asian-Pacific Islander; AOR, Adjusted Odds Ratio; β, Beta-Coefficient; CI, Confidence Interval; LOS, Length of Stay.
¥ Adjusted odds ratio/beta-coefficients are shown for patients undergoing surgery with white race as reference.
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emergent procedures grew over the study period, with CABG and AAA 
repairs exhibiting a particular rise. A parallel increase in the rate of 
emergent procedures was observed across White, Black, and Hispanic 
patient groups, with the latter two consistently demonstrating the 
highest rates of nonelective procedures. These findings are consistent 
with existing literature on this issue. In the case of AAA, several studies 
employing Medicare data have demonstrated Black patients to be more 
at risk of requiring urgent or emergency surgery compared to their non- 
Black counterparts [28,29]. Additionally, Black patients are more likely 
to undergo repair in the nonelective setting, despite having similar rates 
of symptomatic nonruptured and ruptured aneurysms to White and 
Asian patients [30]. Similar trends have been observed in atheroscle
rotic disease, with nuances in disease presentation, risk factors, and 
treatment among different racial and ethnic groups [31]. A recent sys
tematic review highlighted that African American, Hispanic, and Asian 
candidates for coronary revascularization more frequently present with 
a greater number and extent of comorbidities and with increased non
calcified atherosclerotic lesions, factors that likely influence treatment 
decisions [13]. Racial and ethnic disparities are also well recognized in 
colorectal cancer, with Howard et al. showing rates of emergency sur
gery to be highest among Black non-Hispanic patients, followed by 
Hispanics [32]. The noted increase in emergent care is striking as the 
diagnoses chosen for the present work have been shown to be responsive 
to early primary care intervention and diagnosis [5].

Notably, the adjusted mean cost difference between elective and 
emergent procedures increased throughout the study period. Moreover, 
and for individual procedures, minority races incurred notably higher 
hospital costs for unplanned interventions as compared to White pa
tients. This discrepancy is likely attributed to observed differences in 
clinical outcomes, with minority races having elevated odds of major 
complications and prolonged hospital stays. The increased cost associ
ated with surgical complications has also been extensively documented 
across various surgical procedures, with cost differences being explained 
by heightened services and staff required for managing such complica
tions [33]. In a study of the National Surgical Quality Improvement 
Program database, Liu et al. found that the payment amount per 
complication increased at a rate of $10,996 for colectomy patients [34]. 
Moreover, minority race patients were more likely to experience mul
tiple complications after emergent surgery, likely resulting in the higher 
expenditures observed. Given comparable adjusted in-hospital mortality 
rates across all races, except for the Hispanic race, it is likely that pro
longed recovery needed to survive complications drove the observed 
cost difference. Indeed, Pradarelli et al. used Medicare data to show a 2- 
to 3-fold increase in postoperative costs associated with rescuing pa
tients experiencing multiple complications at specific hospitals [35]. 
Moreover, a substantial share (40% to 60%) of the excess cost differ
entials in these minority groups has previously been linked to residing in 
areas characterized by high medical expenditures [36]. The 2010 
Affordable Care Act has allowed for a reduction in coverage disparities 
related to race, with improvements in standard measures of healthcare 
access noted among minority groups [37]. Despite such gains, sub
stantial disparities in coverage remain, with Black and Hispanic adults 
still substantially more likely to be uninsured than their White coun
terparts [38]. With the lack of continuous health insurance leading to a 
four-fold increase in the likelihood of receiving preventive services, ef
forts to increase coverage must be increased.

In the present study, the Emergent cohort faced worse clinical out
comes relative to patients undergoing elective procedures, a finding that 
is well recognized in the literature. Prior research has consistently re
ported notably elevated mortality rates in emergent AAA repair, CABG, 
and colectomy procedures compared to their elective counterparts 
[33–35]. The complex presentation attributed to advanced disease 
stands out as the frequently cited explanation for these disparities. 
Existing literature indicates that older Black and Hispanic patients have 
greater odds than their White counterparts of developing a majority of 
postoperative complications [33]. This effect is amplified in emergent 

surgery as the inherent lack of preoperative optimization leads to 
potentially more difficult procedures that may partly explain the 
heightened morbidity seen. Another possible explanation for the poor 
clinical outcomes seen in minority races can be traced back to decades of 
diminished healthcare access. In line with this, Ly et al. posited that 
Black individuals are more likely to live in areas with greater exposure to 
hazards such as air pollution, which might increase the prevalence and 
severity of chronic diseases [42]. Moreover, Black patients have also 
been shown to have less rigorous preoperative optimization and 
generally reside in neighborhoods with under-resourced hospitals 
[43,44]. Indeed, a national study of Medicare beneficiaries demon
strated that while 30-day postoperative mortality following cancer 
surgery improved over time for both Black and White patients, the 
disparity in cancer-related mortality between the groups persisted [45]. 
The authors proposed several potential drivers of the overall mortality 
improvement, including the centralization of surgical care, advance
ments in operative techniques, and evolving perioperative practices. 
Importantly, they noted that enhanced screening and earlier detection 
may have allowed patients in populations with greater access to pre
ventive care to undergo surgery at earlier stages of disease, contributing 
to improved outcomes. A more nuanced understanding of structural 
factors that ultimately manifest as inferior clinical outcomes among 
racial minorities are paramount to the development of more effective 
health equity programs and legislation.

An important finding of the present work is the $1.7 billion in sav
ings to the US populous over a decade that could be accomplished by a 
modest conversion of 10% of emergent procedures to the elective 
setting. This figure is notable and nearly double the savings reported by 
Haider et al. whose projections were based on data from 2000 to 2010 
[5]. Critically, when facets such as unpaid leave, disparities in mortality, 
patient-reported outcomes, and quality-adjusted life years are consid
ered, the accrued benefits of elective surgery are anticipated to expand 
further. Indeed, the association between minority races with increased 
odds of unplanned operations in our study is a phenomenon that has 
been extensively linked in the literature with poor access to care. More 
specifically, these patients are at higher risk of lack of regular primary 
care, failure in appropriate evaluation, reduced referral for symptoms, 
and greater travel distance when seeking care - all factors that have been 
shown to be associated with receipt of delayed care [39–41]. Several 
interventions, such as telehealth initiatives, community outreach, and 
educational campaigns, hold the potential to augment screening and 
diagnosis rates within minority populations [46]. Extensive work has 
revealed screening programs for colorectal cancer, AAA, and cardio
vascular disease to be effective in reducing both costs and mortality 
[43–45]. The Delaware Cancer Treatment Program, for example, 
implemented targeted community outreach, patient navigation, and 
reimbursement for screening costs to successfully eradicate colorectal 
cancer screening disparities over a 5-year period [47]. The program 
reduced the percentage of Black patients presenting with regional and 
distant disease from 79% to 40% and nearly eliminated the differences 
in colorectal cancer-related mortality between Black and White patients. 
Taking the pragmatic and economically viable interventions discussed 
into account as well as the implications of the current study, these 
methodologies present a promising blueprint that could be disseminated 
at large.

This study has several important limitations. As an administrative 
data repository, the NIS lacks the ability to link hospital records, which 
limits the capturing of all hospitalization cost data beyond initial 
admission. However, this limitation could potentially accentuate the 
observed cost disparities between elective and emergent surgery, given 
the substantial evidence of increased readmission visits following un
planned procedures. Secondly, the NIS does not report laboratory 
values, intraoperative events, and other physiologic parameters. Third, 
information about the complexity of the operation and stage of the 
disease is not available, and we were not able to adjust for it. Finally, 
reliance on accurate ICD coding for the NIS introduces a potential 
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limitation, given that ICD codes primarily serve financial reimbursement 
purposes. While cost-to-charge ratios offer valuable insights into total 
hospitalization costs, our analysis cannot encompass costs related to 
preoperative and postoperative outpatient care, operating room ex
penses, and long-term expenditures. Nonetheless, we used robust sta
tistical methods and automated variable selection to reduce the risk of 
bias and enhance the generalizability of our findings.

In conclusion, the present study noted significantly worse clinical 
and financial outcomes after emergent operations. In light of the lack of 
progress made on reducing the burden of emergency surgery, in
terventions addressing access to preventive care and screening are 
necessitated at a national level. With racial minorities experiencing the 
maximal detriment both clinically and financially, implementing proven 
strategies can help reduce race-based disparities and annual healthcare 
expenditures in the US.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.sopen.2025.04.010.
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