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Background: Studies using national data sets have suggested that insurance type drives a disparity in the
care of emergency surgery patients. Large databases lack the granularity that smaller, single-institution
series may provide. The goal of this study is to identify factors that may account for differences in care
between Medicaid and non-Medicaid enrollees with appendicitis in central Massachusetts.
Methods: All adult patients with acute appendicitis in an academic medical center between 2010 and
2018 were included. Sociodemographic and clinical characteristics were compared according to Medicaid
enrollment status. Analyses were performed to assess differences in the frequency of operative treat-
ment, time to surgery, length of stay, and rates of readmission.
Results: The sample included 1,257 patients, 10.7% of whom (n = 135) were enrolled in Medicaid. The
proportions of patients presenting with perforated appendicitis (28.9% vs 31.2%, P = .857) and under-
going laparoscopic appendectomy (96.3% vs 90.7%, P = .081) were similar between the 2 groups, as were
length of stay (20 hours 30 minutes versus 22 hours 38 minutes, P =.109) and readmission rates (17.8% vs
14.5%, P = .683). Medicaid enrollees did experience somewhat greater time to surgery (6 hours 47 mi-
nutes versus 4 hours 49 minutes, P < .001).
Conclusion: Despite anticipated differences in population, the treatment of appendicitis was similar
between Medicaid and non-Medicaid enrollees. Medicaid enrollees experienced greater time to surgery;
however, further studies are needed to explain this disparity in care.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Disparities in health care related to insurance status have been a
predominant topic of political focus in the United States for the past
decade. With the implementation of the 2010 Patient Protection
and Affordable Care Act (ACA), the percentage of uninsured in-
dividuals in the United States decreased to a low of 8.8% in 2016.
With the expansion of Medicaid, more than 20 million people
gained health insurance with the number of people covered under
government plans (Medicaid, Medicare, and Military health care),
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increasing to 120 million. Yet, despite the overall increase in
coverage, there remains a well-documented difference in outcomes
based on insurance type.'

The Medicaid and uninsured patient populations have been
found to have worse outcomes compared with privately insured
patients across many medical and surgical specialties. Emergency
general surgery is a particular area of interest because it represents
both a substantial portion of all surgical admissions and patient
morbidity and mortality. For most emergency general surgical
conditions, the onset is acute, and without treatment, the pro-
gression of disease is rapid. As such, delays in access to care and its
delivery are associated with increased morbidity and mortality.!

Research from our institution demonstrated that nationally,
patients with acute appendicitis, acute cholecystitis, acute diver-
ticulitis, and incarcerated ventral or inguinal hernias with Medicaid
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insurance were operated on less frequently, with greater wait times
to operative intervention, greater hospital stays, and greater rates
of in-hospital morbidity.* The underlying social factors, institu-
tional practices, or geographic processes that account for these
disparities in care, however, are yet to be identified.

Geographic information has been used to study and improve
medical outcomes since the first outbreak of cholera in the 1850s.
Using geographic information systems, local factors contributing to
disparities in emergency surgical care can be defined more clearly.
A recent study by Khubchandani et al® reported a disproportionate
lack of emergency general surgery hospitals in rural counties across
the United States and in counties with greater proportions of
uninsured individuals, of nonwhite race or ethnicity, and with
lesser levels of formal levels of education.

Nevertheless, emergency general surgical conditions such as
appendicitis affect individuals of different races, socioeconomic
status, education level, and insurance type alike. Appendicitis is
often used as a surrogate in the field of emergency surgery for the
study of access to and quality of care because of its high incidence,
independence from other disease processes and consistent, time-
sensitive natural history progressing toward perforation.® % Here
we focus on patients with acute appendicitis at a single institution
to identify geographic and socioeconomic factors that may account
for disparities in care based on insurance type.

Methods
Patient selection and data extraction

A retrospective review was performed for all adult patients 18
years of age and older who presented with acute appendicitis at
either the University of Massachusetts Medical Center University
Campus or Memorial Campus (both in Worcester, MA) between
October 1, 2010, and August 30, 2018. Patients were identified using
International Classification of Disease (ICD)-9 and ICD-10 diagnosis
codes for acute appendicitis and all sub-codes (with generalized
peritonitis [ICD-9 540.0, ICD-10 K35.2], with peritoneal abscess
[ICD-9 540.1, ICD-10 K35.3], without mention of peritonitis [ICD-9
540.9], and unspecified [ICD-10 K35.80]). For a more uniform pa-
tient population, we excluded children, pregnant women, incar-
cerated individuals, patients > 65 years of age or enrolled in
Medicare, and patients who underwent appendectomy for other
reasons or who were found to have malignancy on final pathology.

Patient information was extracted from the EPSi database
(Chesterfield, MO, USA) and Soarian Clinicals (Cerner Ltd., London,
UK) database. Demographics included date of birth, age, sex, race,
ethnicity, marital status, and insurance provider, which was clas-
sified as Medicaid or non-Medicaid. Clinical data included ICD9/
ICD10 code, admission date and time, discharge date and time, time
to surgery ([TTS] from emergency department [ED] admission
time), length of stay ([LOS] as ED admission time to discharge time),
number of primary care provider (PCP) visits, and ED visits within 1
year before admission. Readmission status was classified as at least
1 inpatient encounter of any problem within 30 days of discharge.
Procedures, dates, and times of surgery were generated from
Perioperative Systems (Picis Clinical Solutions Inc., Wakefield, MA).
Comorbidities included anxiety, asthma, coronary heart disease,
depression, diabetes mellitus, hypercholesterolemia, hypertension,
obstructive sleep apnea, and smoking status. A subgroup analysis
was performed for patients with acute appendicitis from October
2017 to October 2018, using the same inclusion and exclusion
criteria as we have discussed earlier in this report. During this
time, additional clinical and sociodemographic variables were
generated from Epic EHR Clarity version 2017 (Epic Systems Corp,
Verona, WI, USA). Final variables from Epic EHR included admission

temperature, heart rate, systolic and diastolic blood pressure, white
blood cell count, lactic acid, time to computed tomography ([CT]
from ED admission time), primary language, and need for an
interpreter.

Information regarding a patient’s address (street, town, and
state) was extracted from clinical databases and transformed to
geographic coordinates using ArcGIS 10.6 (Esri, Redlands, CA, USA).
Geographic-based variables, including travel distance to hospital,
household income, and neighborhood characteristics (median in-
come and education level), were extracted from Google Maps API
(Google, Mountain View, CA, USA) and census data, respectively,
and integrated using ArcGIS 10.6 (Esri).

Statistical analysis

Univariate analysis was performed using Python 3.6 (Python,
Beaverton, OR, USA) and the SciPy library (Enthought Inc., Austin,
TX). Median and 25th and 75th percentiles were used to summa-
rize non-normal variables and evaluated by the Shapiro-Wilkes
test. Differences between groups for continuous variables were
compared using the Mann-Whitney U ranked test to evaluate be-
tween insurance types and Xz tests for categorical variables.

Multivariate analysis was performed for TTS because it was the
only outcome variable that provided statistically significant results
between Medicaid and non-Medicaid enrollees in the univariate
analysis. The distribution of this sample (TTS converted to total
seconds as a continuous variable) was positively skewed and
matched a Poisson distribution. Poisson regression was used to
test the effects of Medicaid insurance on TTS, in combination
with other variables found statistically significant from the uni-
variate analyses, which were age at admission, marital status,
select comorbidities (diabetes, hyperlipidemia, and hypertension),
neighborhood household income, neighborhood proportion with a
high school diploma, neighborhood proportion of nonminorities,
and travel distance to the hospital. Data were normalized and all
categorical variables turned binary. Collinearity was checked using
Pearson correlation. Travel distance and neighborhood proportion
with high school diploma were found collinear (r = —0.7), so high
school diploma was removed from the multivariate analysis to
avoid bias. Poisson regression was evaluated at a significance level
of .05, and model fit was tested using both the Pearson y? test
and the deviance and log-likelihood ratio test for goodness of fit.

Results

The sample consisted of 1,257 patients, 46.4% were female,
72.5% were non-Hispanic white, and 41.4% were single. The overall
mean age was 39.4 years (Table [). The median household income
for the sample was $66,500, and the median distance to the hos-
pital was 7.6 miles. A total of 135 patients were enrolled in Medicaid
(10.7%). A total of 1,148 (91.3%) patients underwent laparoscopic
appendectomy, with a median TTS of 4 hours 51 minutes and a
median LOS of 22 hours and 37 minutes (Table I).

When comparing baseline sociodemographic factors between
Medicaid and non-Medicaid enrollees, those with Medicaid were
younger (33.5 years versus 40.1 years, P < .0001), more likely to be
unmarried (73% vs 48.1%, P < .0001), and belong to a nonwhite
race or ethnicity (54.1% vs 24.4%, P < .0001). Medicaid enrollees
were more likely to live in a neighborhood that was closer to the
hospital (4.0 miles vs 8.3 miles, P < .0009), have a lesser median
annual income ($40,400.00 vs $67,700.00, P < .0001), and have a
lower level of formal education (82.9% vs 91.6% with high school
diploma, P < .0001). In addition, a greater proportion of individuals
in the Medicaid group belonged to a racial or ethnic minority (31.0%
vs 17.1%, P < .0001; Table II).
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Table I
Sociodemographic and clinical factors for adults with acute appendicitis at UMMC
(2010—-2018)

N 1,257
Sociodemographic

Age, mean y (SD) 39.4 (16.0)
Female (%) 46.4
Non-Hispanic white (%) 724
Marital status (%)
Single 45.6
Married 414
Divorced 53
Unknown 7.7

Medicaid enrollee (%)
Median income (25% percentile, 75% percentile)

135 (10.7%)

$66,500 ($40,600,

$91,300)

Median proportion in neighborhood with high 0.912 (0.842, 0.983)
school diploma (25% percentile, 75% percentile)

Median proportion in neighborhood who are
non-Hispanic white (25% percentile, 75%
percentile)

0.817 (0.696, 0.938)

Median distance from home to hospital, miles 7.6 (1.8,13.4)
(25% percentile, 75% percentile)
Greater than 20 miles from Worcester, 173
MA, hospitals (%)
Clinical
Medical history (%)
Anxiety 5.6
Asthma 6.6
Coronary heart disease 2.1
Depression 4.8
Diabetes 3.1
Hyperlipidemia 104
Hypertension 13.0
Obstructive sleep apnea 3.1
Smoking 9.8
Laparoscopic appendectomy (%) 1,148 (91.3)
Median length of stay (25% percentile, 75% 22 h 37 min

percentile) (10 h 12 min, 35 h 03 min)
Readmitted within 30 days of discharge (%) 15.3
Median time to surgery from admission 4 h 51 min

(25th percentile, 75th percentile) (1 h 07 min, 8 h 35min)

UMMC, University of Massachusetts Medical Center.

Medicaid enrollees were significantly less likely to present with
preexisting medical comorbidities that include diabetes mellitus,
hyperlipidemia, and hypertension. Patients enrolled in Medicaid
were also more likely to have visited their PCP or the ED in the year
before their admission for acute appendicitis compared with non-
Medicaid enrollees (Table II).

In the subgroup of adult patients with acute appendicitis
from October 2017 to October 2018 at our institutions, there was
no difference in the proportion of patients on antiplatelet
medications (aspirin, clopidogrel, ticagrelor, prasugrel) or anti-
coagulants (warfarin, enoxaparin, rivaroxaban, apixaban, dabi-
gatran) between the two groups. Vital signs (heart rate, systolic
blood pressure, diastolic blood pressure) and laboratory values
(white blood cell and lactic acid) at the time of admission were
also similar between the two groups. We observed no difference
in the proportion of patients who required an interpreter or in
the time to CT between Medicaid and non-Medicaid enrollees
(Table III).

In the entire sample, there were no differences between the
number of Medicaid and non-Medicaid enrollees who presented
with perforated appendicitis (28.9% vs 31.2%, P = .857) or who
underwent laparoscopic appendectomy (96.3% vs 90.7%, P = .081).
Although LOS (20 hours 30 minutes versus 22 hours 38 minutes,
P =.109) and 30-day readmission rates (17.8% vs 14.5%, P = .683)
were similar between the 2 groups, there was a difference in the
median TTS, with Medicaid enrollees waiting longer for the

operation, even after adjusting for social and clinical characteristics
(6 hours 47 minutes versus 4 hours 49 minutes, P < .001; Tables [V
and V). This disparity was also not explained by any differences in
TTS for patients presenting during the day (6:00amM—6:00rm)
compared with at night (6:00pmM—6:00aMm; P = .50).

In the multivariate analysis for TTS, Medicaid enrollment, age,
neighborhood household income, and travel distance to hospital
were predictors of TTS (P < .002 each). All of their coefficients
are negative, representing negative correlation with TTS
(Table V). Pearson %2 and log-likelihood ratio tests of fitness
resulted in P > .05 (0.891 and 0.928, respectively), which in-
dicates that there is no strong evidence of lack of fit for the
model.

Discussion

Acute appendicitis is the most common, intra-abdominal
infection requiring operation.®° Its predictable natural course
without treatment has led to the use of perforated appendicitis
as a quality metric and a proxy measure for assessing equality
in access to and delivery of healthcare.!”'! Several large US
studies have demonstrated that Medicaid insurance and
nonwhite race are associated with greater rates of perforation
and lesser rates of a laparoscopic appendectomy in patients
with acute appendicitis when compared with whites and the
privately insured.'”~"” Although Medicaid enrollees in our study
were indeed more likely to be non-white, unmarried, and
younger, with lower levels of formal education and lesser me-
dian annual income when compared with their non-Medicaid
counterparts, we found similar rates of appendicitis with peri-
tonitis or perforation and similar use of laparoscopic appen-
dectomy between groups.

These findings may reflect the numerous state and federal
health care reforms that have occurred during the past 15 y. In
2006, the Massachusetts Health Care Reform expanded Medicaid
coverage, resulting in a substantial decrease in uninsured residents
from 548,000 to 247,000 within the first 3 years.' In 2013, Loehrer
et al'? reported the disappearance of the previously recognized
racial disparity in the treatment of acute appendicitis and acute
cholecystitis in Massachusetts, with similar proportions nonwhite
and white patients undergoing laparoscopic surgery after the
Medicaid expansion.'?

In 2009, the Affordable Care Act aimed to improve access to
health care across the United States similarly through the expan-
sion of Medicaid to an additional 30 million individuals."'? The
Dependent Coverage Provision was also introduced and is esti-
mated to have increased insurance coverage for approximately 3%
to 7% of previously uninsured young adults.'" In 2016, Scott et al'’
reported decreased rates of perforated appendicitis among young
adults with acute appendicitis across the United States. The
decrease in rates of perforated appendicitis was most prominent
among patients belonging to racial or ethnic minorities, lower-
income communities, and those presenting to urban hospitals.
These observations suggested improved access to care. Moreover,
newly insured individuals reported increased access to care,
decreased delays in seeking care, and improved overall mental and
physical health status."!

At the national level, uninsured and underinsured individuals
experience substantial delays in care, which results in more com-
plex diseases at presentation across a variety of emergency surgical
diagnoses.! A patient’s perceived inability to pay for treatment has
been identified as a common reason to delay seeking medical
attention. In addition, insurance status has been identified as the
most important factor associated with severity of disease at pre-
sentation.'” Delay in presentation and in TTS have both clearly
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Table II
Baseline sociodemographic and clinical factors for adults with acute appendicitis at UMMC by insurance type (2010—2018)
Non-Medicaid Medicaid P value

N 1,122 135

Sociodemographic

Age, mean y (SD) 40.1 (16.3) 33.5(11.8) <.0001°

Female (%) 46.5 452 120

Non-Hispanic white (%) 75.6 45.9 <.0001"

Marital status (%) <.0001"
Single 42.7 69.3
Married 435 244
Divorced 54 3.7
Unknown 8.4 2.2

Median income, (25% percentile, 75% percentile) 67,700 (44,000, 91,400) 40,400 (20,500, 60,200) <.0001"

Median proportion in neighborhood with 0.916 (0.856, 0.976) 0.829 (0.744, 0.913) <.0001"

high school diploma (25% percentile, 75% percentile)

Median proportion in neighborhood who 0.829 (0.702, 0.956) 0.690 (0.578, 0.802) <.0001"
are non-Hispanic white (25% percentile, 75% percentile)

Median distance from home to hospital, 8.3 (24, 14.3) 4.0(0.9,7.1) <.0001"
miles (25% percentile, 75% percentile)

Clinical

Medical history (%)
Anxiety 5.9 3.7 .580
Asthma 6.5 7.4 .548
Coronary heart disease 2.4 0.0 154
Depression 5.1 2.2 220
Diabetes 33 1.5 .040°
Hyperlipidemia 114 2.2 .004"
Hypertension 13.8 5.9 .026"
Obstructive sleep apnea 3.1 3.0 778
Smoking 9.1 15.6 118

Mean (mode), number of visits to PCP 0.33 (0) 0.65 (0) .019"
in year prior

Mean (mode), number of visits to 0.71 (0) 1.2(1) <.0001"

emergency department in year prior

UMMC, University of Massachusetts Medical Center.
" Statistically significant.

been associated with worse outcomes in acute appendicitis, a
greater rate of perforation, more frequent development of an
intraperitoneal abscess, postoperative ileus, greater LOS, and
increased overall health care costs.!®!81°

Although both prehospital and in-hospital factors may
contribute to delays in TTS, the literature has cited prehospital
delays frequently as the most important factors contributing to
perforation and morbidity in appendicitis.''6'81 prehospital de-
lays may originate from patients’ perceived inability to pay for care,
lack of familiarity with ways to access care, lack of routine

preventative care, and inability to take time off or to secure child-
care while they seek medical attention.'®!"?? Although patients
enrolled in Medicaid are more likely to live close to tertiary care
facilities because they both tend to be in urban areas, Hall et al*!
reported that a disproportionately low percentage of Medicaid
patients undergo specialty procedures at specialized, high-volume
hospital centers, despite relative close geographic proximity. This
study suggests that Medicaid enrollees may have difficulty
accessing care even with large hospital centers within close
geographic proximity. In-hospital delays are less discussed in

Table III
Baseline sociodemographic and clinical factors for adults with acute appendicitis at UMMC by insurance type (2017—2018)
Non-Medicaid Medicaid P value
N 154 16
Primary language (%)
English 90 81.3 049"
Spanish 3.2 12.5
Other 9.8 6.2
Interpreter needed (%) 11 18.8 615
Antiplatelet at admission (%) 4.6 6.3 754
Anticoagulant at admission (%) 2 6.3 831
Acute appendicitis with peritonitis and/or abscess (%) 31.2 38.9 .857
Median blood presssure systolic (25th percentile, 75th percentile) 119 (110.5, 127.5) 121.5(107.9, 135.1) 341
Median blood pressure diastolic (25th percentile, 75th percentile) 71.0 (64.5, 77.5) 70.5 (66.4, 74.6) .200
Median temperature (25th percentile, 75th percentile) 98.2 (98.0, 98.5) 98.2 (97.9, 98.5) 134
Median heart rate (25th percentile, 75th percentile) 76.0 (10.3, 15.1) 75.0 (64.0, 86.0) 450
Median white blood cell count (25th percentile, 75th percentile) 12.7 (10.3, 15.1) 10.7 (8.8, 12.6) .073
Median lactic acid (25th percentile, 75th percentile) 1.05 (0.8, 1.4) 1.45 (1.1, 1.8) .006
Median time to CT (25th percentile, 75th percentile) 00 h 45 min 1 h 2 min 335

(00 h 15min, 1 h 15 min)

(00 h 40 min, 01 h 24 min)

UMMC, University of Massachusetts Medical Center.
" Statistically significant.
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Table IV
Outcome measures for adults with acute appendicitis at UMMC by insurance type (2010—2018)
Non-Medicaid Medicaid P value
N 1,122 135
Laparoscopic appendectomy (%) 90.7 96.3 .081
Median time to surgery from admission (25th percentile, 4 h 49 min 6 h 47 min 001"
75th percentile) (1 h 12 min, 8 h 26 min) (3 h 37 min, 9 h 57 min)
Median length of stay (25th percentile, 75th percentile) 22 h 38 min 20 h, 30 min .109
(10 h 9 min, 35 h 8 min) (8 h 32 min, 32 h 28 min)
Readmitted within 30 days of discharge (%) 14.5 17.8 .683

UMMC, University of Massachusetts Medical Center.
" Statistically significant.

Table V
Multivariate Poisson regression for TTS for patients with acute appendicitis at
UMMC (2010—2018)

Coefficient 95% CI P value
Medicaid insurance —0.967 —1.58 to —0.353 .002"
Age —2.05 —3.04 to —1.06 <.001"
Marital status (married) —0.078 —0.462 to 0.306 .692
Diabetes —0.168 —1.14 to 0.803 735
Hyperlipidemia 0.3225 —0.302 to 0.946 312
Hypertension 0.293 —0.308 to 0.893 .340
Household income —4.82 —5.53 to —4.11 <.001"
Travel distance —1.81 —2.71 to —0.914 <.001"

UMMC, University of Massachusetts Medical Center.
" Statistically significant.

existing literature but may include prolonged emergency room
wait times, lack of an available surgeon, or operating room
availability.!%1720

Our study confirmed that Medicaid enrollees lived closer to our
hospitals and that they presented with similar disease severity as
their non-Medicaid counterparts, as demonstrated by similar
rates of perforated appendicitis, vital signs, and laboratory values
at the time of admission. Similar rates of disease severity at pre-
sentation indicate that prehospital factors were unlikely to be
substantial deterrents in a patients’ decision or ability to seek
medical attention. TTS was different, however, between groups,
with Medicaid enrollees waiting just under 2 hours more for their
appendectomy.

Other studies have demonstrated greater rates of obesity,
smoking, dyslipidemias, hypertension, and diabetes mellitus in
uninsured adults'” and have suggested that uninsured and under-
insured patients are more likely to have undiagnosed comorbid-
ities.”> These undiagnosed comorbidities have been associated
with increased overall of perioperative morbidity and mortality in
Medicaid-enrolled or uninsured patients, despite seemingly low
Charlson comorbidity indices.>” Patients with multiple medical
problems often require additional preoperative testing or treat-
ments for safe risk stratification and optimization; however, in our
study, Medicaid enrollees had fewer comorbidities and frequented
their PCP or the ED more often in the year before their admission
with appendicitis. Although this finding may be explained by
younger average age, it also helps exclude multiple comorbidities
and lack of routine preventive medical care as an explanation for
the greater TTS in the Medicaid group. Moreover, the multivariate
analysis of TTS that adjusted for select, statistically significant
comorbidities among insurance types in the univariate analysis
showed that diabetes, hyperlipidemia, and hypertension were not
predictors of TTS (Table V).

Our subgroup analysis of patients with appendicitis 2017 to
2018 revealed that, although a greater proportion of Medicaid
enrollees reported speaking a language other than English as their

primary language, there was no difference in the need for an
interpreter, thus eliminating the need for translation as a source of
possible delay to surgery. Moreover, in this group, there was no
difference in the time to CT between groups, removing imaging
delays as a potential reason for prolonged TTS. Although this sub-
group provides exceptional granularity into potential delays in care
contributing to the greater TTS for Medicaid enrollees, our sample
size is small, because our access to Epic EHR related variables is
limited to 2017 and onward. Finally, despite a slightly greater TTS
among Medicaid enrollees, overall care appears to have been
similar between Medicaid and non-Medicaid enrolled patients
with acute appendicitis at our institution. Although we find it
difficult to explain a difference in TTS of just more that 2 hours
between groups, next we suggest several possible contributing
factors.

Contributing factors

First, our multivariate analysis revealed that, along with
Medicaid enrollment, age, household income, and travel distance
to the hospital were also negative predictors of TTS. It would
seem that younger age, greater household income, and greater
travel distance from home address to the hospital all favor a
shorter TTS. Because patients in the Medicaid group were
younger than those in the non-Medicaid group (mean 33.5y +
16.3 years vs 40.1 years + 11.8 years, P < .0001) and all patients
were adults, this possibility seems like an unlikely explanation
for the difference in TTS between the 2 groups. Household in-
come and travel distance of home address to the hospital are
closely related in our sample; however, it is difficult to explain
how they may affect TTS. This is especially so considering that
our initial time used (ED admission time) does not consider any
prehospital (ie, transport or travel) factors because it is the time
the patient was placed in an ED bed. Moreover, household in-
come is unknown to providers across the board and was
generated by our research staff through the use of geographic
information systems. Therefore, we find it highly unlikely that
physician biases toward patients based on socioeconomic factors
(race or ethnicity, sex, marital status, primary language, income,
education, and geographic factors) can explain a delay in TTS of
approximately 2 hours for Medicaid enrollees. Moreover,
although we did not intend to investigate implicit physician bias
in our study, a recent study of surgeons at a large academic
medical center found that unconscious bias toward socioeco-
nomic status or race or ethnicity was not associated with dif-
ferential treatment of patients.?>

Difficulties with communication may have had an important
effect on TTS because we observed that Medicaid enrollees in our
subgroup analysis were more likely to report a primary language
other than English. Although there was similar use of an inter-
preter in both groups, it is still possible that language barriers
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lead to delays in obtaining a history and informed consent, and
ultimately resulted in greater TTS in the Medicaid group. Other-
wise, there are certain practices that affect underinsured and
uninsured patients exclusively, such as the routine consultation of
financial assistance services, which may also contribute to delays
in treatment unique to Medicaid enrollees. A final explanation is
that the number of Medicaid enrollees in our study is fairly small,
and we may lack enough power to detect sociodemographic and
clinical factors that contribute to a longer TTS for this patient
group.

Although we find it difficult to explain a difference in TTS of
just over 2 hours between groups, we also consider the practical
implications of this finding. This small difference in TTS may be
of little clinical importance because LOS or 30-day readmission
rates were comparable between groups. The TTS in both groups
are also markedly less than the national average TTS for adults
with acute appendicitis, which we recently reported as 2.2 days
and 1.9 days for Medicaid enrollees and privately insured
patients.* With TTS in both groups being less than 7 hours and
LOS being less than 24 hours in both groups, we attribute in
large part these successes to the dedication of the acute care
surgery service to general surgical emergencies at our institu-
tion, 24 hours a day, 7 days a week.

The model of acute care surgery has gained increasing popu-
larity in the United States and worldwide during the past 2 decades.
Traditionally combining trauma surgery, emergency general sur-
gery, and surgical critical care, the various models of acute care
surgery were created in an attempt to improve surgeon satisfaction,
increase recruitment in the setting of decreased cases of operative
trauma, and to improve availability and efficiency in emergency
general surgery.’*?> Single-center studies have found that pro-
grams of acute care surgery have been more efficient in the man-
agement of emergency general surgery conditions such as acute
appendicitis, and have reported shorter TTS and LOS with similar
rates of complications and readmissions.”*%> The acute care sur-
gery service at our institution is staffed with an on-call attending,
several junior and senior residents, on-call operating room staff,
anesthesiologists, and a dedicated acute care surgery operating
room, at all times.

Limitations

Our study is not without limitations. Misclassification bias is
inevitable with any retrospective study because of the inability to
determine causation. Prospective studies are necessary to inves-
tigate institutional processes that may differentially affect patients
based on insurance type. With these results, we hope to expand
the study to examine these results across a larger cohort.
Although our subgroup analysis of patients 2017 to 2018 provided
meaningful details regarding potential sources of delays in care, it
is underpowered and we were unable to identify factors
explaining the greater TTS for Medicaid enrollees. Nonetheless,
this large, single-institution series provides us with additional
granularity that is currently lacking from previously published,
national studies using large data sets, ultimately allowing us to
better understand the local delivery of care to patients with acute
appendicitis based on insurance type.

These findings are important, because we have shown that,
within the confines of an acute care surgery program at a safety-
net hospital in a state with near universal health insurance, dis-
parities based on insurance type are minimal among patients
presenting with appendicitis. We have shown that under this set
of favorable circumstances, the treatment of patients with
appendicitis is similar between Medicaid and non-Medicaid
enrollees.

Investigate disparities

We hope that this study will encourage hospital administrators
and surgeons to investigate disparities at their own institutions and
explore the factors that drive disparities within their health sys-
tems. The implementation programs, protocols, and pathways
dedicated to improving efficiency and standardization of treatment
of emergency surgical conditions should be considered. We believe
that the dedication of staff and resources to the treatment of
emergency surgical conditions through an acute care surgery pro-
gram separate from trauma allows the institution of a fast-track
pathway (for appendicitis, cholecystitis, and incarcerated her-
nias), which has contributed to uniform and equal treatment of
patients with appendicitis regardless of insurance type at our
institution.
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