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How has the Affordable Care Act changed outcomes in
emergency general surgery?

Michelle G. Hamel, MD, PhD, Laura N. Godat, MD,
Raul Coimbra, MD, PhD, and Jay J. Doucet, MD, San Diego, California

INTRODUCTION: Lack of insurance coverage increases complications andmortality from surgical procedures. The 2014 Affordable Care Act (ACA)
Open Enrollment (OE) insured more Americans, but it is unknown if this improved outcomes from emergency general surgery
(EGS) procedures. This study seeks to determine how ACAOE coverage changes outcomes in EGS.

METHODS: This is a retrospective review using the Nationwide Inpatient Sample database from 2012 to 2014. Patients aged 18 to 64 years
undergoing EGS procedures were identified by International Classification of Diseases, Ninth Revision, codes. Medicare patients
were excluded. Patient demographics, hospital characteristics, and Charlson comorbidity index were obtained. Outcomes were
measured by mortality, complications, and calculated costs. Univariate and difference-in-differences multivariate analyses were
performed to determine the effect of the ACAOE on EGS outcomes.

RESULTS: A total of 304,110 EGS cases were identified. After Medicare patients were excluded, therewere 275,425 cases. In 2014, Medicaid
admissions increased 18.2% from 18,495 to 22,615 ( p < 0.001) and self-pay admissions decreased 33% from 14,938 to 10,630
( p < 0.001). Mortality significantly increased for self-pay patients in 2014 from 0.81% to 1.22% ( p < 0.001). Difference-in-
differences analysis indicated that, after risk adjustment, the ACA OE was associated with a small reduction in mortality for
insured patients (−0.12%, p = 0.034), increased complications (1.4%, p = 0.009), and increased wage-index adjustedmean costs
(4.6%, p < 0.001). Therewas a significant increase inMedicare (+26.5%) and private (+12.2%, p < 0.001) insurance admissions in
teaching hospitals, while nonteaching hospitals had fewer EGS admissions with a greater reduction in uninsured EGS admissions.

CONCLUSIONS: The ACAOE created a significant reduction in uninsured EGS admissions but did not reduce EGS mortality. Mortality decreased
in insured patients but increased in uninsured patients, indicating that the ACAOE primarily insured lower-risk patients. The ACA
OE did increase cost and complications in insured admissions. Teaching hospitals saw the majority of the increase in Medicaid and
private insurance EGS admissions. A national registry would improve future study of insurance policy on EGS outcomes.
(J Trauma Acute Care Surg. 2018;84: 693–701. Copyright © 2018 American Association for the Surgery of Trauma. All
rights reserved.)

LEVEL OF EVIDENCE: Economic analysis, level IV.
KEYWORDS: Emergency general surgery; access; health policy; affordable care act; insurance disparities.

I n January 2014, the Patient Protection and Affordable Care
Act (ACA) Open Enrollment (OE) launched creating aMedic-

aid (MCD) expansion, which provided health insurance cover-
age to over 20 million previously uninsured individuals. As a
result, MCD enrollment grew by 21% by the end of 2014.1,2

The ACA and attempts at its repeal have created more contro-
versy regarding the effects of health care insurance on mortality,
health, health care quality, and costs.3–7

Prior studies indicate that lack of health care insurance is
associated with worsened health care access, outcomes, and
delays in care.7–10 Effects on mortality in studies are mixed, but
there is evidence for decreased mortality in conditions that are

amenable to health insurance coverage.7,11–13 For surgical condi-
tions, lack of insurance is associated with delays in presentation
and worsened outcomes.14–16 Policies that increased health insur-
ance coverage have improved access and outcomes in some areas.
This includes a reduction in rates of perforated appendix at appen-
dectomy for recipients of the ACA's Dependent Coverage Provi-
sion, which has mandated coverage of dependents 18 to 25 years
old on parents' insurance since 2010.17 The Massachusetts health
insurance expansion in 2006 was associated with improved access
to care for cholecystitis patients; increased rates of resection for
pancreatic, thyroid, and colorectal cancer; and decreased need
for emergent colorectal resection.18–21

Emergency general surgery (EGS) faces a challenge in main-
taining access to high-quality emergency surgery care in the face of
an aging population, overburdened emergency rooms, and a shortage
of acute-care surgeons.22–24 Need for an EGS procedure may repre-
sent a consequence of poor preventative, outpatient, or chronic health
care, including those without health care insurance coverage.25

The purpose of this study is to assess changes in EGS
insurance coverage, mortality, complications, and costs after
the 2014 ACA OE expansion. Specifically, this study uses the
quasiexperimental nature of the ACA OE by using a difference-
in-differences (DID) analysis to: (1) assess changes in insurance
coverage rates among EGS admissions after the ACA OE;
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(2) measure any changes in mortality, complications, or costs
associated with the ACAOE; and (3) examine whether changes
in insurance coverage rates, mortality, or complications varied
across sociodemographic subgroups.

PATIENTS AND METHODS

Data Source
This is a retrospective analysis using the Healthcare Cost

and Utilization Project's Nationwide Inpatient Sample (NIS) da-
tabase from 2012 to 2014. The NIS is the largest public database
of all-payer inpatient discharges in the United States.26 The NIS
is a stratified probability sample of inpatient hospital discharges
that are weighted by region, hospital size, and teaching status to
provide scaled national estimates. Notably, the sampling frame-
work of the NIS changed in 2012.27 Before 2012, the NIS repre-
sented all discharge data from a 20% stratified sample of United
States hospitals. Beginning in 2012, the NIS changed its sam-
pling method to sample 20% of discharges from all participating
hospitals. Patients aged 18 to 64 years undergoing EGS proce-
dures were identified by International Classification of Diseases,
Ninth Revision, ClinicalModification (ICD-9-CM) codes. TheNIS
assigns each admission 1 to 15 diagnosis codes and 1 to 15 pro-
cedure codes based on ICD-9-CM codes. Patients aged 18 to
64 years undergoing EGS procedures were identified by these
ICD-9-CM codes.

Patient Population
Emergency general surgery admissions were identified

from the NIS database as nonelective emergency procedures with
ICD-9 procedure codes for appendectomy (47.01, 47.09, 47.11,
47.19, 47.20, 47.91, 47.92, 47.99), cholecystectomy (51.01,
51.02, 51.03, 51.04, 51.21, 51.22, 51.23, 51.24), hernia repair
(17.11, 17.12, 17.13, 17.21, 17.22, 17.23, 53.00, 53.01, 53.02,
53.03, 53.04, 53.05, 53.10, 53.11, 53.12, 53.13, 53.14, 53.15,
53.16, 53.17, 53.21, 53.29, 53.31, 53.39, 53.41, 53.42, 53.43,
53.49, 53.51, 53.59, 53.61, 53.62, 53.63, 53.69, 53.90), bowel
resections, ostomy creations (17.31, 17.32, 17.33, 17.34, 17.35,
17.36, 17.39, 45.02, 45.03, 45.33, 45.41, 45.61, 45.62, 45.63,
45.71, 45.72, 45.73, 45.74, 45.75, 45.76, 45.79, 45.81, 45.82,
45.83, 45.90, 45.91, 45.92, 45.93, 45.94, 45.95, 46.01, 46.02,
46.03, 46.04, 46.10, 46.11, 46.13, 46.14, 46.20, 46.21, 46.22,
46.23, 46.24, 46.31, 46.39, 46.40, 46.41, 46.42, 46.43, 46.93,
46.94), and incision of perirectal abscess (49.01).

Admissions with missing information on surgical proce-
dures were excluded. Patients under 18 years or over 64 years
were excluded, as were patients with Medicare, because they
were either not directly affected by ACA expansion or were
already covered by other programs.

Affordable Care Act OE expansion occurred in January
2014; admissions from 2012 and 2013 were defined as pre-
ACAOE and post-ACAOE if they occurred in 2014 (Fig. 1).

Variables Collected
The following data points were collected from the data-

base: patient demographics (age, race, and sex), date of admis-
sion, admission diagnosis, hospital length of stay (LOS), payer
status, hospital charges, comorbidities, Charlson comorbidity
index (CCI), in-hospital complications, median income quartile

by zip code, urban/rural status, hospital teaching status, and
in-hospital mortality.28

In-hospital complications were defined as urinary tract
infection, surgical site infection, pneumonia, sepsis, stroke cere-
brovascular accident (CVA), pulmonary embolism, deep venous
thrombosis, myocardial infarction, renal failure, respiratory
failure, retained gallstone, ileus, postoperative shock, cardiac
arrest, complications during procedure, acute posthemorrhagic
anemia, central line infections, and reoperation. Hospital cost was
analyzed using hospital charges data provided in NIS converted
to wage-index adjusted cost using the hospitals' provided annual
charge-cost ratios adjusted by the Centers for Medicare and
Medicaid Services local wage index.29

Variables
The primary outcome measures were mortality, complica-

tions (defined as an admission with one or more complication
codes), and wage-index adjusted costs. The secondary outcome
measure was insurance payer, coded as either insured (private,
MCD, or other [worker's compensation, TRICARE, Indian
Health Service, other government insurance, and miscellaneous
insurance]) or uninsured (self-pay).

The covariates included patient demographics of age, sex,
and race/ethnicity (as non-HispanicWhite vs non-White), comor-
bidities as defined below, and urban/rural status. Facility factors
included teaching status and rural/urban geographic location.
Also included was the ordinal ranking of community income
provided by NIS in quartiles by ranking the patients' home zip
code from 1 to 4 based on national zip code median income.

Comorbidities were measured via calculated CCI from the
NIS provided comorbidities. Urban/rural status was based on the
core-based statistical area as defined by theUSOffice ofManage-
ment and Budget. Hospitals in “metropolitan” counties defined as
urban and hospitals with a core-based statistical area type of
“micropolitan” or “noncore” defined as rural. Since 2012, NIS
does not disclose the state of the admitting hospital.

Statistical Analysis
The study exploited the implied experimental nature of the

2014 ACA OE expansion and used DID analyses to evaluate

Figure 1. Flow diagram of study design. Widespread
implementation of the ACA occurred in 2014.
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differential changes in outcomes in the insured group (private,
MCD, or other) with the uninsured (self-pay) group. Difference
in differences was used to examine the difference in risk-adjusted
mortality, risk-adjusted complications, and risk-adjusted calculated
hospital costs.

All models were weighted to account for variations in
sampling and clustering of patientswithin systems. Analyseswere
conducted using IBM SPSS Statistics 24 (IBM Corp., Armonk,
NY). Two-sided p values less than 0.05 were considered signifi-
cant. The study was exempted from further review by the Uni-
versity of California San Diego Human Research Protections
Program and conducted in accordance with the data use agreement
for the Nationwide Databases from the Healthcare Cost and
Utilization Project Agency for Healthcare Research and Quality.

Risk Adjustment
Multivariate analyses were performed controlling for

patient and hospital-level factors including patient age, sex,
race/ethnicity, comorbidities using the CCI, hospital type,
and median income quartile by zip code. Race/ethnicity was
included as a covariate in analyses examining changes in out-
comes. Cohorts were stratified as being either non-Hispanic
White or non-White. Hospital typewas classified as either rural,
urban teaching, or urban nonteaching.

The primary independent variable of interest was the in-
tervention group (insured) versus the control group (uninsured)
before and after the 2014 ACA expansion.

Sensitivity Analyses
To determine the appropriateness of using the DIDmodel,

two separate analyses were performed. To ensure parallel trends
in study outcomes before the pre-ACA OE period (2012 and
2013 only), a DID analysis of insured and uninsured groups was
performed. To detect nonparallel trends in other payer groups,
a second DID analysis was performed on Medicare patients
18 to 64 years was performed during the study period.

RESULTS

A total of 275,425 EGS admissions with ages between 18
and 64 years were included in the study, representing a weighted
NIS sample from 1,377,125 EGS admissions, with a mean (SD)
age of 43 (13) years. About 56.4% were female, and the median
CCI was 2 (range, 1–16).

Table 1 demonstrates the demographics of the study pop-
ulation. There was a gradual decrease in EGS admissions, with
97,674 and 91,888 EGS admissions in pre-ACA OE years 2012
and 2013, respectively, and 85,863 in post-ACA OE 2014. In
the post-ACA OE period, there was a significant increase in ad-
missions withMCD (9.9% vs 26.3%, p < 0.001) and a significant
reduction in self-pay (uninsured) patients (35.8% vs 12.3%,
p < 0.001). Appendectomy (76,425) and cholecystectomy
(105,557) were the two most commonly performed procedures
over the entire study period.

The univariate analysis for the outcomes of the study pop-
ulation by payer before risk adjustment is shown in Table 2 and
Figure 2. Overall mortality did not change significantly, from
0.9% (n = 895) in 2012, 0.9% (n = 810) in 2013, and 1.0%
(n = 895) in 2014. Mortality did increase significantly in the

self-pay groups but decreased significantly in the MCD group.
Overall admissions with complications increased annually and
also increased annually in each of the private, self-pay, and
MCD groups. Overall mean LOS (SD) increased yearly, from
5.24 (8.7) days in 2012, 5.35 (8.5) days in 2013, to 5.68(9.1)

TABLE 1. Comparison of 18- to 64-Year-Old EGS Eligible
Patient Demographics Before and After Implementation of the
2014 ACA OE

Pre-ACAOE*
Post-ACAOE

2014 p**Calendar Year 2012 2013

Population 97,674 91,888 85,863 <0.001

Mean age (SD), y 42.74 (13.52) 43.12 (13.45) 43.61 (13.41) <0.001

Sex, %

Male 43.4 43.4 43.9 <0.001

Female 56.6 56.6 56.1

Race/ethnicity

White 56,923 52,532 48,386 <0.001

Black 10,519 10,423 9,952 <0.001

Hispanic 18,526 18,145 17,430 <0.001

Asian or
Pacific Islander

2,501 2,422 2,375 <0.001

Native American 832 675 611 <0.001

Other 4,001 3,359 3,251

Patient comorbidities (CCI)

None 72,002 67,188 61,043 <0.001

≥1 25,672 24,700 24,820

Insurance payor

MCD 19,174 18,495 22,615 <0.001

Private insurance 51,441 47,213 44,180 <0.001

Self-pay 15,825 14,938 10,630 <0.001

No charge 1,286 1,830 1,163 <0.001

Other 5,576 5,080 3,417 <0.001

Type of surgery

Appendectomy 28,877 25,517 22,031 <0.001

Cholecystectomy 37,000 35,365 33,192 0.044

Hernia repair 6,791 7,024 6,647 <0.001

Bowel resection 14,497 13,087 13,274 <0.001

Zip income quartile, %

Upper half 46.7 46.1 43.2 <0.001

Lower half 53.3 53.9 56.8

Facility characteristics

Rural 9,490 8,561 6,682 <0.001

Urban nonteaching 42,424 38,987 25,746 <0.001

Urban teaching 45,760 44,340 53,435 <0.001

Facility census division

New England 4,661 3,970 3,357 <0.001

Mid-Atlantic 15,038 13,792 12,722 <0.001

East North Central 12,278 11,711 10,851 <0.001

West North Central 5,319 4,899 4,538 <0.001

South Atlantic 18,726 17,836 16,973 <0.001

East South Central 5,075 4,969 4,753 <0.001

West South Central 11,954 11,693 10,915 <0.001

Mountain 6,961 6,412 5,824 <0.001

Pacific 17,662 16,606 15,930 <0.001

*Pre-ACA OE is years 2012 to 2013; post-ACAOE is year 2014.
**p Calculated for the combined pre-ACA OE years versus post-ACAOE year.

J Trauma Acute Care Surg
Volume 84, Number 5 Hamel et al.

© 2018 American Association for the Surgery of Trauma. All rights reserved. 695

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.



days in 2014 (p < 0.001). Mean LOS (SD) also increased signif-
icantly every year in the private and self-pay group, but not in the
MCD group. Median wage-index adjusted costs (interquartile

range) increased overall and in all payer groups annually from
US $10,469 (6,217–18,509) in 2012, US $11,344 (6,751–20,064)
in 2013, and US $12,371 (7,384–22,043) in 2014.

Figure 2. Unadjusted mortality, complications, mean wage-adjusted costs, and CCI of age 18 to 64 years EGS Discharges 2012
to 2014.

TABLE 2. Unadjusted Mortality, Complications, and Costs of 18 to 64-Year-Old EGS Patient Demographics Before and After
Implementation of the 2014 ACA OE

Pre-ACAOE* Post-ACAOE

p**2012 2013 2014

Unadjusted mortality, %

MCD 1.45 1.44 1.32 <0.001

Private insurance 0.78 0.70 0.85 <0.001

Self-pay 0.83 0.80 1.23 <0.001

Complications, %

MCD 21.6 23.0 24.1 <0.001

Private insurance 20.0 20.8 23.2 <0.001

Self-pay 16.1 18.0 19.6 <0.001

Hospital length of stay, mean (SD), d

MCD 6.5 (11.6) 6.6 (11.4) 6.5 (11.3) 0.477

Private insurance 4.92 (7.8) 5.0 (7.6) 5.4 (8.3) <0.001

Self-pay 4.63 (7.0) 4.69 (7.2) 4.9 (7.2) <0.001

Median wage-index adjusted costs, US $ (IQR)

MCD 11,612 (6,668–21,321) 12,653 (7,233–22,997) 13,685 (7,995–24,824) <0.001

Private insurance 10,285 (6,166–18,038) 11,115 (6,686–19,420) 12,088 (7,319–21,374) <0.001

Self-pay 9,594 (5,880–16,488) 10,360 (6,314–17,589) 10,937 (6,708–18,705) <0.001

*Pre-ACA OE is years 2012 to 2013; post-ACA OE is year 2014.
**p Calculated for the combined pre-ACAOE years and post-ACA OE year.
IQR, interquartile range.
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Complications by procedure type are shown in Table 3.
There was a significant increase by univariate analysis in all
pre-ACAOE and post-ACAOE admissions with complications
for appendectomy (7.1% vs 9.0%, p < 0.001), cholecystectomy
(17.1% vs 19.6%, p < 0.001), bowel resections (40.1% vs
40.3%, p < 0.001), and hernia repair (18.1% vs 19.2%,
p < 0.001).

An analysis of subpopulation changes with risk-adjusted
estimates for the pre-ACA and post-ACA periods is shown in
Table 2 of Supplementary Material (see Supplemental Digital
Content 1, http://links.lww.com/TA/B68). During the pre-ACA
period, all age groups had higher rates of uninsured status, with
age 18 to 44 years having the highest uninsured rates in the anal-
ysis (19.4%). In the post-ACA period, the largest reduction in
lack of insurance coverage was in the 18 to 25 years age group
(18.4–15.5%, p < 0.001), but there were significant reductions
in uninsured rates in all age groups.

Males were more likely than females to be self-pay in the
pre-ACA period (19.2% vs 14.8%), and both had a significant
decrease in self-pay status in the post-ACA period (14.8% vs
11.1%, p < 0.001). Non-Hispanic Whites were more likely than
non-Whites to be self-pay in the pre-ACA period (13.7% vs
20.9%, p < 0.001), with both groups seeing a significant decrease
in self-pay rates in the post-ACA period (10.3% vs 15.8%,
p < 0.001). Emergency general surgery admissions with comor-
bidities were more likely than those without comorbidities to be
self-pay (13.5% vs 17.8%, p < 0.001). In both groups, there
was a significant decrease in self-pay rates in the post-ACA
period (15.8% vs 10.0%, p < 0.001). In the pre-ACA OE,
admissions from the top half of median income quartiles
(high-income) defined by zip code were much less likely
to be self-pay than the low-income group (8.6% vs 20.6%,
p < 0.001), but both groups had a significant decrease in
self-pay rates (2.6% vs 15.6%, p < 0.001). There were also
significant post-ACA decreases in self-pay patients for EGS ad-
missions at urban and rural facilities and at teaching and non-
teaching facilities.

Admissions with one or more complications significantly
increased in both payer groups during the ACA implementation,
with the largest increases observed in urban facilities (16.6% vs
19.3%, p < 0.001) and in males (20.0% vs 23.6%, p < 0.001).

Table 4 and Figure 3 show the changes in payer status of
admissions at rural, urban nonteaching, and urban teaching facil-
ities during the study period. There was a reduction in overall
EGS admissions at rural and urban nonteaching facilities. Post-
ACA OE EGS admissions decreased from mean pre-ACA OE
admissions by 3,510 rural (25.0%, p < 0.001) and 14,053 urban

nonteaching (27.6%, p < 0.001) admissions, respectively. Urban-
teaching facilities had an increase of 14,746 (18.4%, p < 0.001)
post-ACAOE EGS admissions. There was a reduction in overall
self- pay admissions post-ACAOE at all hospital types. This was
greater at rural and urban nonteaching facilities, with 999 (44.5%)
and 3,741 (50.9%), respectively, fewer self-pay post-ACA OE
admissions. A smaller reduction in self-pay post-ACA OE EGS
admissions was observed at urban teaching facilities, which
decreased by 988 (10.5%, p < 0.001) admissions. Medicaid
EGS volume also decreased at private and urban nonteaching
facilities in the post-ACAOE period, with 211 (6.6%) rural and
2,324 (19.5%) fewer urban nonteaching admissions. Meanwhile,
MCD EGS admissions increased significantly at urban teaching
facilities, by 6,985 (35%, p < 0.001) admissions in the post-ACA
OE period.

Table 5 shows the impact of the ACA expansion on EGS
admissions, mortality, complications, and mean wage-index ad-
justed costs. Therewas an overall 4.0% decrease in self-pay EGS
admissions after the ACA expansion. Using risk-adjusted DID
estimates, there was a small but significant attributable decrease
in mortality in insured patients compared with self-pay patients
(−0.12%, p = 0.034). Complications increased in both insured
and self-pay groups, but more rapidly in the insured group, with
the risk-adjusted DID increasing by +1.4 percentage points
( p = 0.009). An increase in mean wage-index adjusted costs
was observed in both insured and self-pay groups, but it was
more rapid in the insured group. The risk-adjusted DID in

TABLE 3. Complication Rates by Procedure Pre-ACA OE Versus Post-ACA OE

Pre-ACAOE† Post-ACAOE

pComplications No Complications Complications No Complications

Appendectomy (%) 6,607 (7.1) 86,909 (92.9) 3,525 (9.0) 35,521 (91.0) <0.001*

Cholecystectomy (%) 23,414 (17.1) 113,079 (82.9) 12,374 (19.6) 50,887 (80.4) <0.001*

Bowel resection (%) 53,275 (40.1) 79,536 (59.9) 25,228 (40.3) 37,320 (59.7) <0.001*

Hernia (%) 1,421 (18.1) 64,223 (81.9) 7,273 (19.2) 30,654 (80.8) <0.001*

*p < 0.001 between pre-ACA OE and post-ACA OE.
†Pre-ACA OE is years 2012 to 2013; post-ACA OE is year 2014.

TABLE 4. Teaching Status and Payor Status of EGS Admissions
2012 to 2014

Payor Status

Year Teaching Status Private MCD Self-pay p

2012 Rural 9,035 3,394 2,351 <0.001*†‡

Urban, nonteaching 26,522 12,342 7,686 <0.001*†‡

Urban teaching 52,242 19,938 9,489 <0.001*†‡

2013 Rural 8,077 3,017 2,130 <0.001*†‡

Urban, nonteaching 36,686 11,444 7,002 <0.001*†‡

Urban teaching 49,800 19,647 9,254 <0.001*†‡

2014 Rural 6,255 2,995 1,242 <0.001*†‡

Urban, nonteaching 23,616 9,569 3,603 <0.001*†‡

Urban teaching 59,769 26,778 8,384 <0.001*†‡

*p < 0.001 between teaching status.
†p < 0.001 between years.
‡p < 0.001 between payor status.
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mean wage-index adjusted costs between the self-pay and in-
sured groups was 4.6% (p < 0.001).

Sensitivity analysis demonstrated parallel trends in study
outcomes only during the pre-ACAOE period. Parallel outcome
trends onMedicare patients under 18 years and over 64 years old
during the study period were also observed (see Table 1, Supple-
mental Digital Content 1, http://links.lww.com/TA/B68).

A number needed to treat calculation is possible using the
risk-adjusted DID of −0.12% decreased mortality for the insured
group and the pre-ACAmortality of 0.81% in the self-pay group
in Table 5. The number of insured EGS admissions during the
ACAOE expansion required to save one life is estimated to be 833.

DISCUSSION

Our analysis of the largest nationwide all-payer database
demonstrates that, in the first full year of the ACA OE, there

was a significant improvement in insurance coverage for EGS
patients although about 1 in 10 still failed to gain insurance.
Overall mortality was not affected by the ACA OE; however,
subgroup analysis demonstrated a modest but significant reduc-
tion in mortality for the insured compared with a significant
increase in mortality for the uninsured.

In addition, costs and complications increased for insured
EGS admissions more than in uninsured admissions. Although
overall admissions for EGS procedures decreased after the ACA
OE, urban teaching hospitals had a significant increase in EGS
admissions while these decreased at rural and urban nonteaching
hospitals. Similarly, MCD admissions increased at urban teaching
hospitals and decreased at rural and urban nonteaching hospitals.

The association between the expansion in insurance cover-
age and decreased mortality is consistent with prior studies of in-
surance policy changes.7,10 Although the number needed to treat
of 883 to save a life may seem like a modest effect, it is compara-
blewithmany accepted interventions in health care policy, includ-
ing mortality reduction from state MCD expansion.11 Although,
without a change in overall mortality, this finding likely rep-
resents an altered risk profile among the subgroups, shifting
low-risk patients from the uninsured to the insured group.

Citizens who did not enroll in ACAOE may have barriers
such as poor health care knowledge, mistrust of authorities,
behavioral or social issues, language or geographic isolation,
and lack of internet access, literacy, or transportation.30 Decreased
mortality for insured patients may also be secondary to them
presenting earlier, perhaps with less complex pathology.

Uninsured persons have previously been reported to have
a longer duration of symptoms before presentation.16,17,31 This
factor may put these patients at a higher risk for adverse
outcomes associated with their delayed presentation.15,17,32

Nondocumented immigrants are excluded from most ACA cov-
erage, are known to suffer issues with access, and may have a
lack of trust of authority, resulting in a delay seeking EGS
care.15,33 Conversely, evidence exists that persons who enroll
in the ACA may have healthier behaviors.34

Costs and complications are increasing in EGS. Costs in-
creased for all patients, but more so for insured versus self-pay
patients. Uninsured EGS patients may have lower costs because
of inability to pay, shorter LOS or facility-imposed limits on
care. There are multiple possible explanations for the increase

Figure 3. Age 18 to 64 years EGS discharges by payor status and
hospital location/teaching status (*p < 0.001 between teaching
status, †p < 0.001 between years, ‡p < 0.001 between payor status).

TABLE 5. Impact of the ACA OE on Rates of Admissions and Outcomes in EGS Patients

Self-pay Insured

Pre-ACA
OE†

Post-ACA
OE Change

Pre-ACA
OE

Post-ACA
OE Change

Unadjusted
DID*

Adjusted
DID**

p for Between-Group
Differences

Admissions, %‡ 16.7 12.7 −4.0 83.3 87.3 4.0 — —

Mortality, % 0.81 1.22 0.41 0.92 1.06 0.14 −0.27 −0.12 0.034

Complications, % 17.0 19.6 2.6 20.9 23.6 3.7 1.1 1.4 0.009

Wage-index
adjusted costs,
mean, US $

15,929 17,463 1,509 (9.4%) 19,834 22,649 2,815 (14.2%) 4.7 4.6 <0.001

*DID, calculated by subtracting the pre-ACA/post-ACA OE difference of the Uninsured Group from the Insured Group.
**Risk-adjusted for patient factors (age, sex, race, comorbidities, zip code income, urban/rural status) and hospital factors (teaching status, census region).
†Pre-ACA OE is mean of years 2012 to 2013; post-ACAOE is year 2014.
‡Using NIS-provided dischargeweights, the discharge-weighted population represented is 79,170 pre-ACAOE self-pay patients, 54,600 post-ACAOE self-pay patients, 394,745 pre-ACA

OE insured patients, and 374,715 post-ACA OE insured patients.
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in complications. First, this may be because of increased atten-
tion on reporting complications as MCD admissions increase,
with state-mandated complication reporting requirements.
Second, EGS is often the only means to operate on the unin-
sured, whose higher risk of mortality likely alsomeans increased
complications. The newly insured population with improved ac-
cess to elective surgery via a primary care doctor and specialty
referral35,36 may filter out less complex and lower-risk patients
from EGS, increasing complications for the patients left under-
going EGS. Lastly, the overall increased complication rate may
be related to EGS patients having more comorbidities, supported
by our study findings of an increased incidence in admissions
with a CCI ≥ 1 over the study period.

Urban teaching hospitals saw the largest increase in EGS
admissions and MCD patients with the smallest decrease in un-
insured patients compared with urban nonteaching and rural
hospitals. This is not entirely unexpected since many teaching
hospitals expanded ambulatory care in anticipation of the
ACA OE to solicit these patients in anticipation of increased
demand.37–39 In addition, the insurance coverage available on
the health insurance marketplaces has been criticized for leaving
patients underinsured and with narrow networks. It may be that
urban teaching centers are the only facilities that will accept this
limited insurance coverage. The increased emergency department
utilization and admissions after MCD and ACA OE have been
identified in prior studies, so it is perhaps not surprising this effect
exists for EGS patients as well.22,23

This study has some limitations. Healthcare Cost and
Utilization Project's NIS is an administrative database that has
potential for coding errors; however, our results are consistent
with previous Healthcare Cost and Utilization Project's NIS
studies looking at insurance and surgical outcomes.11,12 In addi-
tion, the implied experimental design identifies an effect, but it
is possible that there are other confounding factors that occurred
in 2014 not identified by the study. We also identified 2014 as
the start of the ACA OE, but the OE launch was not uniform
across all states. Since 2012, NIS deliberately excluded state
identifying data, making it impossible to select for states that
implemented the ACA during the study period, which probably
diluted the measured effects of the ACA OE. There are known
differences in ACA OE implementation between states, many
of which did not expand MCD in 2014 or already had expanded
Medicare in previous years.40,41 In addition, while January 1,
2014 was the date of a significant reduction in lack of insurance
coverage, some reductions had started earlier, such as the 2010
Dependent Coverage Provision for those 18 to 25 years old. The
health insurance marketplaces opened in October 2013 with some
difficulties in consumer access at first and various state MCD
expansions continued before, during, and after the study period.

In conclusion, the official launch of the ACA OE had an
anticipated change on the landscape of health care by decreasing
the number of uninsured Americans. We assert that this policy
reduced EGS admissions by allowing patients with nonurgent
or emergent pathology to be cared for electively, as reflected in
increasing cost and complications for EGS. In addition, a “mov-
ing of the deck chairs on the Health Insurance Titanic”may have
occurred. Younger and healthier citizens gained insurance and
diluted the existing higher-risk insured group patients, decreasing
mortality rates. Meanwhile, higher-risk patients were left behind

in the uninsured group, increasing mortality rates. We recom-
mend a national EGS outcomes database that can better define
the effects of health care policy changes on EGS patient processes
and outcomes. This would allow EGS investigators and surgeons
to improve outcomes for our patients at the bedside and advocate
for better EGS patient policy at our state and national Capitols.
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DISCUSSION
Dr. John A. Harvin (Houston, Texas): I would like to

thank the AAST Program Committee for the opportunity to dis-
cuss this work.

Dr. Hamel and coauthors have undertaken a daunting task:
to assess the effect of the 2014 implementation of the Affordable
Care Act on mortality and morbidity in 2012 to 2014.

Using a large national database and elegant statistical
methodology, the authors found an increase in insurance cover-
age for EGS patients. They found a significant reduction in mor-
tality in insured patients and a significant increase in both costs
and complications of self-pay in insured patients.

This is a very complex issue and I think quantifying the ef-
fect of the ACA and its magnitude is quite difficult. I have three
comments and questions.

First, while you found significant changes in mortality
within groups of payer status, the overall mortality was unaf-
fected by the implementation of the ACA. If that is true, if the
overall mortality is not affected but individual payer status mor-
tality rates are affected, are we simply reshuffling chairs on the
deck?

Second, one of the limitations of the Nationwide Inpatient
Sample is that it does not contain information regarding the state
in which the hospital is located. Disparities in health outcome
exists both between states and within states. And this could lead
to systematic differences in the health outcomes between states
that expanded Medicaid and states that did not.

These differences cannot be accounted for in your model
because the state data doesn’t exist. Can you comment on how
that lack of state data may affect or influence the results of your
project?

And, lastly, any intervention can have both beneficial re-
sults and unintended consequences. While your analysis found
a negative, a risk-adjusted difference in mortality of .12 percent,
it also found an increase in complications in insured patients of
1.4 percent. If the number needed to treat for providing insur-
ance is 833, then by my calculation the number needed to harm
is 71.

I think one of the most significant findings of your work is
this increasing rate of complications. Do you have any plans to
delve more deeply into this disturbing trend?

Dr. Jose J. Diaz (Baltimore, Maryland): Jose Diaz, Balti-
more. Very nice presentation. Reflects a lot of some of what we
have looked at as well as our opinions.

A couple of questions. Why do you think that the NIS
actually under-estimated the degree of age? Most of the other
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statewide registries tends to put the average age of the EGS
population almost 10 years older. That may actually reflect
some of your outcomes.

The other is what we also have continued to see is in-
creased costs of trauma centers and one of the things that I did
not see in your presentation is transfers as that probably is what
is reflecting the increased costs of care of this patient population
in trauma centers.

Dr. Walter L. Biffl (Honolulu, Hawaii): That was a really
nice presentation and I have one question and a couple of
comments.

The question is you adjusted for Charlson Comorbidity
Scores in the outcome analyses but were they different popula-
tions of patients who remain self-pay versus thosewho got insur-
ance? For example, the homeless alcoholic might have been less
likely to sign up for the ACA.

The comments are two. One, we have heard about half-a-
dozen papers on the variability and outcomes of EGS and I think
the EQIP concept is critical.

Regarding the costs, I think this is something that we really
need to pay attention to. In my institution, just for the example of
gallstone disease, there is tremendous variability in care and not
everybody with a bilirubin 1.5 needs a GI consult and an MRCP
and two extra days in the hospital. And I think it’s up to us to
standardize the care and try to control these costs, ourselves.

Dr. Michelle Hamel (San Diego, California): Thank you
so much, Dr. Harvin, and the other questions. Thank you for
your kind words and your insightful comments.

Dr. Harvin, I will address your questions first. In regards
to your question about changes in mortality among insured ver-
sus uninsured patients without an overall change in mortality,
first off, our initial hypothesis was that patients with insurance
would present earlier without fear of financial repercussions of
an uninsured hospital admission and, therefore, would have bet-
ter outcomes and decreased mortality.

Of course it may be difficult to demonstrate decreased
mortality since EGS mortality is fairly low to begin with.

In terms of the differences in mortality between insured
versus uninsured patients and no change in overall mortality,
yes, there is a concern that this may not be an effective insurance
but, rather, perhaps, a shifting of patients between the groups.

Perhaps the self-pay group before the ACAwas a hetero-
geneous mix of high-risk and low-risk patients. Of course, this
is speculation.

In the uninsured group before the ACA there were likely
young, healthy people that didn’t get insurance because they
don’t use it. There were also probably low-income patients that
didn’t get insurance because they couldn’t afford it which, obvi-
ously, the ACA intended to benefit those patients.

But perhaps there was an additional component of the
self-pay group that’s at high-risk for mortality for reasons
unknown.

Are they not citizens and can’t access health care or have a
distrust of authorities? Do they lack internet access? Do they
lack homes? Or do they lack literacy? Do they have a language
barrier? Do they have behavioral or psychiatric issues?

Perhaps some of these patients represent a higher-risk
group and when they young, healthy, low-risk patients are se-
lected out this leaves a higher risk group behind, increasing per-
centage mortality in the self-pay group.

In this study we did adjust for age, race, income, comor-
bidities, et cetera. But we could not, obviously, control for be-
havioral factors. And that may be something that makes a
difference in mortality for these patients.

Clearly, we need a better data source to really be able to
fully elucidate the changes in mortality in EGS with insurance
coverage.

In regards to your question about state-level data and the
differences in the way the states implemented the Medicaid ex-
pansion, we, obviously, very much wanted to compare the
state-level data but, unfortunately, could not since, as you
pointed out, this information is not available in NIS.

This is definitely a limitation of this study. I think state-
level data would be very interesting and, obviously, would be
very useful in the political arena. But it may actually yield more
accurate results. And, again, this is something that an EGS out-
comes registry would be very helpful for.

In regards to your question about increased complications,
we were very surprised by that finding. This is happening in all
groups, regardless of insurance status.

Again, complications increased at a higher rate in in-
sured patients. But complications in uninsured patients are
increasing, as well. It’s out hope that perhaps this is secondary
to increased reporting rather than a true increase in complica-
tions in EGS.

There has been much more attention paid to reporting
complications and, of course, Medicaid patients have state-man-
dated reporting requirements.

If the increased complication rate is secondary to in-
creased reporting, the complication rate should level off at some
point, when everyone is compliant with reporting.

But another possibility for the increase in complications
is, perhaps, our EGS patients are higher-risk. EGS procedures
are decreasing as a whole and maybe we’re selecting out
higher-risk patients.

There is more focus on non-operative management, such
as antibiotic-only treatment of appendicitis or use of percutane-
ous cholecystostomy tubes to avoid emergency cholecystectomy
in high-risk cases.

Then if surgery is needed, it can be done in an elective
fashion so the patients that are being operated onmay be actually
at higher-risk for complications.

Additionally – I didn’t show this data. There was also a
question about Charleson Comorbidity Index, we did look at
that. And EGS patients, indeed, do have a higher incidence of
comorbidities. So specifically EGS patients may be at a higher
risk for complications.

The increase in complications, indeed, is a disturbing
trend and certainly has implications for pay-for-performance
reimbursement.

So the time is up so I’ll stop there. But thank you very
much for your attention.
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