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Trauma and emergency general surgery (EGS) patients who are uninsured have worse outcomes as compared with insured patients.
Partially modeled after the 2006 Massachusetts Healthcare Reform (MHR), the Patient Protection and Affordable Care Act was
passed in 2010 with the goal of expanding health insurance coverage, primarily through state-based Medicaid expansion (ME).
We evaluated the impact of ME and MHR on outcomes for trauma patients, EGS patients, and trauma systems.
METHODS:
This study was approved by the Eastern Association for the Surgery of Trauma Guidelines Committee. Using Grading of Recommendations Assessment, Development and Evaluation methodology, we defined three populations of interest (trauma patients,
EGS patients, and trauma systems) and identified the critical outcomes (mortality, access to care, change in insurance status, reimbursement, funding). We performed a systematic review of the literature. Random effect meta-analyses and meta-regression analyses were calculated for outcomes with sufficient data.
RESULTS:
From 4,593 citations, we found 18 studies addressing all seven predefined outcomes of interest for trauma patients, three studies
addressing six of seven outcomes for EGS patients, and three studies addressing three of eight outcomes for trauma systems. On
meta-analysis, trauma patients were less likely to be uninsured after ME or MHR (odds ratio, 0.49; 95% confidence interval,
0.37–0.66). These coverage expansion policies were not associated with a change in the odds of inpatient mortality for trauma
(odds ratio, 0.96; 95% confidence interval, 0.88–1.05). Emergency general surgery patients also experienced a significant insurance coverage gains and no change in inpatient mortality. Insurance expansion was often associated with increased access to
postacute care at discharge. The evidence for trauma systems was heterogeneous.
CONCLUSION:
Given the evidence quality, we conditionally recommend ME/MHR to improve insurance coverage and access to postacute care for trauma
and EGS patients. We have no specific recommendation with respect to the impact of ME/MHR on trauma systems. Additional research into
these questions is needed. (J Trauma Acute Care Surg. 2019;87: 491–501. Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)
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A

mong trauma patients, uninsured status has been associated
with increased in-hospital mortality, receipt of less inpatient
care, decreased access to postacute care after discharge, and
worse long-term functional outcomes.1–4 Similar associations
have been identified among uninsured emergency general surgery (EGS) patients who have higher rates of complications, inpatient mortality, and failure to rescue.5–7 Insurance coverage is
of particular significance for trauma and EGS care in the United
States as national estimates suggest that over one in five trauma
patients and over one in ten EGS patients lacked health insurance in the latter part of the last decade.2,5
In 2010, Congress passed a sweeping national health reform law known as the Patient Protection and Affordable Care
Act (ACA).8 Similar to the 2006 Massachusetts health reform
law,9 the ACA aimed to increase health insurance coverage
and reduce health care costs via three strategies: (1) expanding
Medicaid eligibility to anyone falling under a particular income
level; (2) increased affordability of health insurance through
subsidies, newly created insurance markets, and health insurance mandates; and (3) promoting efforts to curb unnecessary
costs while improving quality.
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Though Medicaid expansion (ME) was initially intended
to be rolled out nationally starting in 2014, the Supreme Court
ruled in 2012 that each state had the option to expand Medicaid
eligibility or not.10 To date, 37 states (including the District of
Columbia) have elected to expand Medicaid, whereas 14 states
have not.11
In January 2017, the Eastern Association for the Surgery
of Trauma (EAST) Board of Directors tasked its Practice Management Guidelines Committee to perform a systematic review
to ascertain the impact of the ACA insurance expansion and similar reform efforts on trauma and EGS care to date. Specifically,
this review focuses on the impact of both the ACA-related ME
as well as the earlier Massachusetts Health Reform (MHR) law
given its similarity to this expansion policy.

OBJECTIVES
The objective of this review was to evaluate the impact of
insurance expansion policies (ME/MHR) on trauma and EGS
patient care in the United States. The Population (P), Intervention (I), Comparator (C), and Outcome (O) questions are defined
as follows:
PICO 1: For adult trauma patients, should ME/MHR be
enacted versus not be enacted to improve insurance coverage,
access to and timeliness of care, hospital discharge disposition, mortality, complications, and cost of care?
PICO 2: For adult EGS patients, should ME/MHR be enacted
versus not be enacted to improve insurance coverage, access
to and timeliness of care, hospital discharge disposition, mortality, complications, and cost of care?
PICO 3: For regional trauma systems, should ME/MHR be
enacted versus not be enacted to improve insurance coverage,
access to and timeliness of care, hospital discharge disposition, mortality, complications, and cost of care?

METHODS
Design
The EAST members formed a writing group to conduct
this systematic review. A diverse group of members was recruited to capture representation from different political backgrounds and states with and without ME. Additional EAST
members joined the writing team after an open invitation to the
membership.
A systematic review was conducted following Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) methodology, as adopted by EAST in 2012.12 This
methodology was used to evaluate the impact of ME and
MHR compared with no ME/MHR for trauma patients, EGS patients, and regional trauma systems. Outcomes of interest were
generated by the writing group members and then rated on a
scale of 1–9 from “outcomes of limited importance” to “critical
outcomes” (see Supplemental Digital Content 1, Table A, http://
links.lww.com/TA/B400). Critical and important outcomes,
those scoring 7 to 9 and 4 to 6 by the writing group respectively,
were included in the final PICO questions as outlined above.
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Search Strategy
Literature searches were initially performed by the authors
with assistance of a medical librarian using PubMed, Cochrane,
PsychInfo, CINAHL, Conference Papers Index, EconLit, Evidence Based Medicine Review, and Web of Science to include
the dates of January 1, 1990, to June 21, 2017 (Supplemental
Digital Content 2, Table B, http://links.lww.com/TA/B401).
The search was initially run in Embase for the period January
1, 1990, to June 23, 2017. All queries were later updated on
August 24, 2017. Articles that met inclusion criteria reported
original research, were specific to ME/MHR, and measured outcomes relevant to trauma or EGS patients or trauma systems. Articles were excluded if they focused on a non-US population,
pertained to a medical specialty other than trauma or EGS, or related to other aspects of health care reform other than the specific
ME/MHR policies. The study was registered with PROSPERO.13

Study Abstraction
For each citation, two reviewers (Y.Z. and C.T.) evaluated
the title and abstract to determine whether the citation met inclusion criteria for full-text review. Disagreements were reevaluated
and discussed by both reviewers to achieve consensus. Reviewers extracted data per the outcomes of interest and evaluated
articles utilizing GRADE methodology for their overall quality
of evidence, including assessment of the risk of bias, inconsistency, indirectness, imprecision, and publication bias.14 Articles
were aggregated to assess the impact of ME and MHR on the
aforementioned populations of interest.

Analysis
Findings are presented under each individual PICO. Only
PICO 1 had sufficient data for conducting meta-analyses on two
outcomes of interest among trauma patients: changes in insurance coverage and mortality. For these two outcomes, we performed a random effect meta-analysis to compare the changes
in the uninsured rate and the mortality rate, before and after
the policy. For each outcome, we derived τ2, I2 and H2 to estimate the amount of total heterogeneity across the published
studies. We performed the Q test to evaluate whether there was
excessive heterogeneity across the published studies and then
generated forest plots to display the results. We used metaregression to control for mean age, percent of male patients,
and Injury Severity Score (ISS) while comparing the mortality
rate before and after ME/MHR. All analyses used the “metafor
package” in R version 3.1.0 (R Foundation for Statistical
Computing, Vienna, Austria). Evidence tables were generated
using GRADEpro GDT (McMaster University, Hamilton,
Ontario, Canada).

Formulation of Recommendations
All writing group members reviewed the abstracted data,
meta-analyses, and meta-regression results and used the following determinants to inform their recommendation: the quality of
the evidence, the balance between desirable and undesirable effects, the use of resources, and patients' values and preferences.12,14 In accordance to EAST review methodology, the
writing group members voted from one of the following options:
“recommend for,” “conditionally recommend for,” “recommend
against,” “conditionally recommend against,” or “no specific
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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recommendation” on ME/MHR. To align with GRADE methodology, the final writing group recommendation required
50% to be in favor with no more than 20% favoring the alternative. At least 70% of the writing group had to vote for a strong
recommendation to give a final strong recommendation.

RESULTS
The literature search, after exclusion of duplicated articles,
generated 2,027 citations that were reviewed for PICO 1, 436 for
PICO 2, and 1539 for PICO 3. Full text evaluations were performed on 176 articles for PICO 1, 11 for PICO 2, and 62 for
PICO 3. Ultimately, 18 articles were included in the review for
PICO 1, 3 for PICO 2, and 3 for PICO 3 (Supplemental Digital
Content 3, Fig. A, http://links.lww.com/TA/B402).

Should ME/MHR be Implemented for Trauma
Patients? (PICO 1)
Eighteen studies were identified to answer PICO 1,
and they addressed all seven of our predefined outcomes
of interest (Table 1). 15–32 Seven studies evaluated the impact of MHR 16,22,24–28 while 11 evaluated the impact of
ME.15,17–20,23,29–32 Sixteen of the studies were retrospective cohort studies,15–29,32 and two were prospective cohort studies.30,31

PICO 1—Insurance Coverage Analysis
A total of 13 studies evaluated changes in the number of uninsured patients and patients with Medicaid15–18,20,21,23–25,27–29,32;
five examined insurance coverage changes after MHR16,24,25,27,28
and eight examined ME (Table 1).15,17,18,20,21,23,29,32 Eight studies
reported data from individual trauma centers in ME states, including Massachusetts,16,25,28 Ohio,15,21 Arizona,20 Oregon,29
and the District of Columbia.18 Two reported statewide data
from Massachusetts24,27 and one from Maryland.32 Others were
analyses of subnational samples comparing multiple states that
opted ME versus those that did not.17,23
Among the studies included in the random-effects metaanalysis for our outcome of insurance,15,16,20,21,23–25,27–29 the
I2 was 98.6% and the Q value was 469.06 (p < 0.001), suggesting a high level of heterogeneity between the studies. The odds
ratio of being uninsured after ME/MHR was 0.44 (95% confidence interval [CI], 0.34–0.59) (Fig. 1).

PICO 1—Mortality Analysis
With respect to our analysis related to the effect of ME/
MHR on mortality in trauma patients, a total of eight studies
were included (Table 1).20,22,24–27,29,32 Seven of the eight studies
did not find a statistically significant reduction in mortality rates
after ME/MHR. One study using state-level data from Maryland
found a reduction in mortality rate of −0.5% (95% CI −0.9% to
−0.1%, p = 0.008) among all trauma patients; however, the finding was no longer statistically significant when the sample was
limited to only those patients with ISS greater than 15
(p = 0.1, respectively).32 Conversely, another study found mixed
results, which the authors ultimately did not attribute to MHR
policies.24 For the mortality meta-analysis, the I2 was 40.5%
(95% CI, 0–88.2%) and the Q value was 11.4 (p = 0.12), suggesting a moderate but not significant amount of heterogeneity
between the studies. Based on the random-effects metaanalysis, the overall odds ratio of death after implementation

of ME/MHR was 0.96 (95% CI, 0.88–1.05) (Fig. 2). In the
meta-regression, controlling for mean age, percent of male patients, and mean ISS, the model did not converge.

PICO 1—Additional Outcomes
Three studies of variable quality addressed access to care
related to ME (Table 1), and there was insufficient evidence to
make a recommendation.19,30,31 Multiple studies commented
on changes in disposition for trauma patients, but aggregation
of findings is difficult due to variability in the methods of
reporting adjusted outcomes. Overall, findings common to multiple studies included increased discharge to inpatient rehabilitation,25,32 increased discharge to skill nursing facilities,25,26,29
increased rate of being discharge home with services,22,25 and
a decreased rate of being discharge home without services.25,26,29 These findings, however, were not uniformly reported across all studies.
Four studies evaluated complication rates before and after
ME and MHR (Table 1), and no statistically significant reductions in complication rates were identified.20,26,27,29 Interpretation of findings regarding complications was complicated by
the lack of adjustment for secular trends impacting the surveillance of complications due to concurrent, and perhaps unrelated,
quality control programs during the postpolicy period. Regarding timely access to care as a result of ME, there were few studies that focused on this outcome in the trauma population, and
no consistent policy effects were identified.17,30,31 Only two
studies addressed changes in costs of care after implementation
of ME among trauma patients, both of which found increases in
charges across multiple payers (Table 1).29,32
To aid in the development of a recommendation for PICO
1, a GRADE evidence table was compiled (Table 2). All of these
articles were limited in that they were observational studies and
had heterogeneous methods, therefore, the quality of the data.
As such, the rating was initially stated to be “very low.” The
meta-analysis findings on changes in insurance status and mortality allowed us to upgrade our rating for those two outcomes to
“moderate” and “low,” respectively. After considering the findings of these articles, the quality of the evidence, the risks and
benefits of this policy, and the patient preferences, we conditionally recommend for insurance expansion polices, such as ME/
MHR for trauma patients.

Should ME/MHR be Implemented for EGS
Patients? (PICO 2)
At the time of this review, there were no known studies
published evaluating the impact of the 2014 ME on EGS care.
However, a total of three articles focused on MHR addressed
six of the seven outcomes of interest for PICO 2 (Table 3).33–35
One study evaluated a cohort of patients undergoing inpatient
colectomy, both elective and emergency, before and after
MHR.33 Another study evaluated 259,240 hospital admissions
in Massachusetts that included a stay in the intensive care unit
(ICU)—83% of which were urgent/emergency admissions and
54% of which were surgical admissions.35 Finally, a third study
evaluated racial/ethnic minority patients undergoing appendectomy or cholecystectomy.34 All three studies used the
Massachusetts State Inpatient Database to study the impact
of MHR on the outcomes of interest.
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TABLE 1. PICO 1—What Is the Impact of ME or MHR Compared With No ME or No MHR for Trauma Patients?
Outcome of Interest
Changes in insurance
status—critical
outcome

Study
Cheslik et al.
2016

Retrospective pre-/post-ME study, Trauma patients
at a single Level I trauma center in Ohio

Earp et al., 2013

Retrospective pre-/post-MHR study, Massachusetts
patients seen by an orthopedic hand surgery practice
at a single Level I trauma center
Retrospective cohort study, Emergency department
visits to two multistate, investor-owned hospital chains
by expansion status

Garthwaite
et al., 2017

Holzmacher
et al., 2017

Joseph et al.,
2016
Khansa et al.,
2016
Nikpay et al.,
2017

Osler et al.,
2015

Santry et al.,
2014

Schoenfeld
et al., 2015
Toussaint
et al., 2014
Undurraga Perl
et al., 2017
Zogg et al.,
2016
Mortality—
critical outcome

Study Design, Population

Joseph et al.,
2017
Lee et al.,
2014
Osler et al.,
2015
Santry et al.,
2014

Schoenfeld
et al., 2015
Schoenfeld
et al., 2015

Results
Proportion self-pay/charity and Medicaid patients, %
Self-pay/charity 15.1% to 6.4%
Medicaid 15.4% to 24.3%
Proportion of uninsured patients, %
Uninsured 4.0% to 2.1%, p = 0.001

Change in ED visits, Difference-in-Difference
ED care needed, not preventable
Uninsured −43.2%, (95% CI, −58.3 to −28.1)
Medicaid −115.6%, (95% CI, 70.9 to 160.2)
Retrospective cohort study, Trauma patients from
Uninsured and Medicaid patients by state
Maryland, Washington DC, and Virginia seen at a
(combined cohort pre-/post-ME), %
single Level I trauma center in Washington, DC
DC: Uninsured 11.2%, Medicaid 49.4%
Maryland: Uninsured 33.2%, Medicaid 18.5%
Virginia: Uninsured 47.6%, Medicaid 8.1% p < 0.001
Retrospective pre-/post-ME study, Trauma patients from
Odds of Insurance, Adjusted Odds Ratio
a single Level I trauma center in Arizona
All patients AOR 3.4, (95% CI, 2.7–4.2), p < 0.001
Retrospective pre-/post-ME study, Maxillofacial trauma
Change in % of uninsured and Medicaid patients, %
patients requiring surgery at a single Level I trauma center
Uninsured 27.2% to 11.1%, p < 0.001
in Ohio
Medicaid 7.8% to 25.4%, p < 0.001
Share of ED visits by insurance status, Adjusted
Retrospective pre-/post-ME study, Emergency department
visits by expansion status from the Fast Stats databases
Difference-in-Difference regression
including injury-related visits
Share Medicaid 0.088, (95% CI, 0.050 to 0.126)
Share Uninsured −0.053, (95% CI, −0.089 to −0.017)
Retrospective pre-/post-MHR study, Comparing trauma
Insurance Status by age group, %
patients from Massachusetts to New York with data from Ages 15–64 years
the State Inpatient Databases
Uninsured MA 15.2% to 7.7%, NY 12.7% to 12.1%
Medicaid MA 13.6% to 17.5%, NY 22.3% to 25.7%
Retrospective pre-/post-MHR study, Trauma patients from
Rate of insurance coverage, %
a single Level I trauma center in Massachusetts
Pre-MHR 76.7%
Post-MHR 84.3%
p < 0.001
Retrospective pre-/post-MHR study, Massachusetts femoral Insurance Status, %
neck fracture patients from the State Inpatient Database
Underinsured 3.9% to 4.6%
p = 0.03
Retrospective pre-/post-MHR study, Orthopedic trauma
Insurance Status, post-policy change, %
patients from three Level I trauma centers in
Uninsured −9.4% (95% CI, −7.9% to −10.8%)
Boston, Massachusetts
Retrospective pre-/post-ME study, Trauma patients from
Payor Status at Discharge, %
a single Level I trauma center in Oregon
Self-pay 11% to 3%, p < 0.001
Public 24% to 35%, p < 0.001
Retrospective pre-DCP/post-DCP and preexpansion/
Insurance Status, Post-policy Risk-Adjusted Difference, %
post-expansion study, Trauma patients from Maryland
Uninsured −18.2% (95% CI, −19.3 to −17.2), p < 0.001
Health Services Cost Review Commission data
Medicaid +20.1%, (95% CI, 18.9% to 21.3%), p < 0.001
Retrospective pre-/post-ME study, Trauma patients
Mortality, Unadjusted Odds Ratio
from a single Level I trauma center in Arizona
OR 0.9 (95% CI, 0.6–1.4), p = 0.88
In-hospital mortality, Unadjusted odds ratio
Retrospective pre-/post-MHR study, Trauma patients
admitted to the ICU from a single Level I trauma
OR 1.18 (95% CI, 0.88–1.58), p = 0.27
center in Massachusetts
Retrospective pre-/post-MHR study, Comparing trauma
Excess mortality per 1,000 patients
patients from Massachusetts to patients from New York
604 excess deaths post-HCR in MA, (95% CI, 419–790)
with data from the State Inpatient Databases
(Includes patients who were not policy-eligible)
Retrospective pre-/post-MHR study, Trauma patients from
Mortality, %
a single Level I trauma center in Massachusetts
pre-MHR 3.7%
post-MHR 3.1%
p = 0.52
Retrospective pre-/post-MHR study, Massachusetts
In-hospital Mortality, Adjusted Odds Ratio
cervical spine fracture patients from the State
AOR 0.87 (95% CI, 0.74–1.02)
Inpatient Database
Retrospective pre-/post-MHR study, Massachusetts femoral In-hospital Mortality, Adjusted Odds Ratio
neck fracture patients from the State Inpatient Database
AOR 0.88 (95% CI, 0.74–1.06)
Continued next page
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TABLE 1. (Continued)
Outcome of Interest

Access to care—
critical outcome

Study
Undurraga Perl
et al., 2017

Retrospective pre-/post-ME study, Trauma patients from
a single Level I trauma center in Oregon

Zogg et al.,
2016

Retrospective pre-DCP/post-DCP and preexpansion/
postexpansion study, Trauma patients from Maryland
Health Services Cost Review Commission data

Hong et al.,
2016

Retrospective cohort study, Health characteristics
of people eligible for expansion coverage compared
with those already insured using Medical
Expenditure Panel Survey

Wiznia et al.,
2017

Prospective cohort study, Phone calls to orthopedic
sports injury specialist offices to get an appointment for
a fictional orthopedic injury patient with Medicaid
or private insurance

Wiznia et al.,
2017

Prospective cohort study, Phone calls to psychiatrists'
offices to get an appointment for a fictional postinjury
Post Traumatic Stress Disorder (PTSD) patient
with Medicaid or private insurance

Hospital disposition— Holzmacher
important outcome
et al., 2017

Costs of care—
important
outcome

Study Design, Population

Retrospective cohort study, Trauma patients from
Maryland, Washington DC, and Virginia seen at a
single Level I trauma center in Washington, DC

Lee et al., 2014

Retrospective pre−/post-MHR study, Trauma patients
admitted to the ICU from a single Level I trauma
center in Massachusetts

Santry et al.,
2014

Retrospective pre-/post-MHR study, Trauma patients
from a single Level I trauma center in Massachusetts

Schoenfeld
et al., 2015

Retrospective pre-/post-MHR study, Massachusetts
femoral neck fracture patients from the State
Inpatient Database

Undurraga Perl
et al., 2017

Retrospective pre-/post-ME study, Trauma patients
from a single Level I trauma center in Oregon

Zogg et al.,
2016

Retrospective pre-DCP/post-DCP and
preexpansion/postexpansion study, Trauma
patients from Maryland Health Services Cost
Review Commission data
Retrospective pre-/post-ME study, Trauma patients
from a single Level I trauma center in Oregon

Undurraga Perl
et al., 2017

Results
Discharge Disposition “Expired,” %
pre-ME 4.7%
post-ME 4.4%
p = 0.64
In-hospital mortality, Risk adjusted difference
Overall −0.5% (95% CI, −0.9 to −0.1), p = 0.008
ISS > 8–1% (95% CI, −2 to −0.1), p = 0.04
ISS > 15–1.5% (95% CI, −2.2 to 0.7), p = 0.17
Unmet Health Needs for Treatment Due to Injuries
or Illness, % and adjusted odds ratio
Public insurance 19.5% vs. Expansion eligible
35.9%, p < 0.001
AOR 0.540, (95% CI, 0.427–0.685)
Ability to get an appointment by expansion status, %
Expansion states
Medicaid 22.6%, Private 87.3%, p < 0.001
Non-expansion states
Medicaid 30.9%, Private 94.6%, p < 0.001
Ability to get an appointment by expansion status, %
Expansion states
Medicaid 10.0%, Private 42.5%, Cash 93.3%, p < 0.0001
Non-expansion states
Medicaid 20.8%, Private 65.0%, Cash 93.3%, p < 0.0001
Discharge home, %
Washington DC 89.8%, Virginia 87.5%, Maryland 93.2%
Discharge to SAR, SNF, or acute rehabilitation, %
Washington DC 7.9%, Virginia 12.5%,
Maryland 6.8%
Virginia vs. DC, p = 0.75
Maryland vs. DC, p = 0.68
Disposition outcomes, Propensity matched odds ratio with
discharge home as referent (not prepolicy/postpolicy)
Home health services OR 1.70 (95% CI, 1.08–2.68)
SNF/Rehabilitation OR 0.91 (95% CI, 0.72–1.31)
Other OR 1.15 (95% CI, 0.79–1.67)
Discharge Disposition, Adjusted OR for uninsured vs.
insured patients (not prepolicy/postpolicy)
Home with services AOR 0.64 (95% CI, 0.44–0.93)
Rehabilitation AOR 0.08 (95% CI, 0.05–0.96)
SNF AOR 0.28 (95% CI, 0.11–0.72)
Other AOR 0.48 (95% CI, 0.27–0.85)
Discharge disposition, adjusted relative risk ratio with
discharge home as referent (not prepolicy/postpolicy)
SNF RRR 1.16 (95% CI, 1.03–1.30)
ECF RRR 0.54 (95% CI, 0.48–0.62)
Discharge disposition pre-ME vs. post-ME
Home, home health 70.1% vs. 66.7%, p = 0.01
Acute Care Hospital 1.4% vs. 1.3%, p = 0.83
SNF 17.1% vs. 19.9%, p = 0.02
Long term Acute Care Hospital 0.4% vs. 0.5%, p = 0.60
Rehabilitation 2.2% vs. 2.9%, p = 0.19
AMA 1.3% vs. 0.8%, p = 0.13
Other 2.4% vs. 3.5%, p = 0.04
Rehabilitation status, Risk adjusted difference
Overall 5.4% (95% CI, 4.5 to 6.2), p < 0.001
Inpatient rehabilitation 3.3%, (95% CI, 2.7 to 4), p < 0.001
Home health agency 1.1%, (95% CI, 0.6 to 1.7), p < 0.001
Median charges
Increases in median charges across all payors. Numbers
not provided.
Continued next page
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TABLE 1. (Continued)
Outcome of Interest

Study
Zogg et al.,
2016

Timeliness of
care—important
outcome

Complications—
important
outcome

Garthwaite
et al., 2017

Study Design, Population
Retrospective pre-DCP/post-DCP and
preexpansion/postexpansion study, Trauma
patients from Maryland Health Services Cost
Review Commission data
Retrospective cohort study, Emergency department
visits to two multistate, investor-owned hospital chains

Wiznia et al.,
2017

Prospective cohort study, Phone calls to orthopedic
sports injury specialist offices to get an appointment
for a fictional orthopedic injury patient with Medicaid
or private insurance

Wiznia et al.,
2017

Prospective cohort study, Phone calls to psychiatrists'
offices to get an appointment for a fictional postinjury
PTDS patient with Medicaid or private insurance

Joseph et al.,
2016

Retrospective pre-/post-ME study, Trauma patients
from a single Level I trauma center in Arizona

Schoenfeld et al., Retrospective pre-/post-MHR study, Massachusetts
2015
cervical spine fracture patients from the State
Inpatient Database
Schoenfeld et al., Retrospective pre-/post-MHR study, Massachusetts
2015
femoral neck fracture patients from the State
Inpatient Database
Undurraga Perl
Retrospective pre-/post-ME study, Trauma patients
et al., 2017
from a single Level I trauma center in Oregon

Results
Total Hospital Charges, Risk adjusted difference
Median, US $1900, (95% CI 1400 to 2400), p < 0.001

Change in average travel time to ED for Medicaid patients
for nondiscretionary conditions by expansion status, minutes
Expansion states −0.9 (95% CI, −1.2 to −0.5)
Non-expansion states −0.3 (95% CI, −2.1 to 1.6)
Waiting Period Before Appointment by expansion status, days
Expansion states
Medicaid 19, Private 15, p = 0.049
Non-expansion states
Medicaid 13, Private 10, p = 0.2
Waiting Period Before Appointment by expansion status, days
Expansion states
Medicaid 48.9, Private 29.1, Cash 20.5, p < 0.0001
Non-expansion states
Medicaid 39.2, Private 37.8, Cash 32.7 p = 0.14
Complication rate, odds ratio
OR 1.2, (95% CI 0.9–1.8), p = 0.20
Complications, Adjusted Odds Ratio
Overall AOR 1.28, (95% CI, 1.16–1.42)
Complications, Adjusted Odds Ratio
Overall AOR 1.56 (95% CI, 1.46–1.67)
Complications, %
Infection 32.4% to 32.3%, p = 0.98
Venous Thromboembolism 33.7% to 23.4%, p < 0.001
Pneumonia 15.9% to 12.5%. p = 0.18

Complications were defined as myocardial infarction, stroke or cerebrovascular accident, acute respiratory distress syndrome, venous thromboembolism and pulmonary embolism, renal
failure, pneumonia, urinary tract infection or acute cystitis, sepsis, surgical space infection, pseudomembranous colitis.
OR, Odds ratio; AOR, adjusted OR; MA, Massachusetts; NY, New York; SNF, skilled nursing facility; SAR, subacute rehabilitation facility; ECF, Extended Care Facility.

For the change in insurance status, both studies reporting
changes in insurance coverage found significant reductions in
the uninsured rate after MHR.33,35 Two studies evaluated for
postpolicy changes in mortality and neither study demonstrated
a statistically significant change in mortality after MHR34,35
One study investigated the relationship of MHR and the development of postoperative complications with mixed results.33
One study evaluating access to care found that MRH was associated with an increased likelihood of receiving laparoscopic
(as opposed to open) EGS operations.34 This change was associated with lower overall inpatient costs (Table 3).34 Two studies
reported hospital disposition related to EGS patients in the setting of MHR, but found no significant differences.34,35
After considering the findings of these articles, the quality
of the evidence, the risks and benefits of this policy, and the patient preferences, we conditionally recommend for the implementation of policies such as ME/MHR for EGS patients.

Should ME/MHR be Implemented for Regional
Trauma Systems? (PICO 3)
Three retrospective studies addressed three of our eight
outcomes of interest for PICO 3 (see Supplemental Digital Content 1, Table A, http://links.lww.com/TA/B400).15,20,36 Two
496

studies used data from their respective Level I trauma centers
in Ohio and Arizona, respectively.15,20 One compared emergency department (ED) closures—without mention of trauma
center designation—during the pre-ME period 2006 to 2013
throughout multiple states dichotomized by ME status (see Supplemental Digital Content 1, Table A, http://links.lww.com/TA/
B400).36 Two studies identified fewer charges for uninsured patients and increased charges for Medicaid patients.15,20 The ultimate impact of these changes on trauma center funding is
difficult to interpret as one study noted that total hospital supplemental payments from multiple sources, including Disproportionate Share Hospital payments, decreased after ME15; while
another study noted that the overall reimbursement rate for the
trauma increased after ME.20
Given the limited number of studies, variable quality of
the evidence, and heterogeneous findings for PICO 3, we have
no specific recommendation for ME/MHR compared with no
ME/MHR for regional trauma systems.

DISCUSSION
This is the first systematic review to employ the GRADE
methodology to evaluate the impact of the most notable health
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. Uninsured forest plot.

insurance expansion policy in recent history on trauma and EGS
patients as well as the regional trauma systems that care for
them. Overall, we found that ME and MHR were associated with
significant reductions in the uninsured rate for both trauma and
EGS patients. However, there were no consistent associations
between increased insurance coverage and inpatient outcomes.
For trauma patients, ME and MHR led to large gains in insurance coverage, with many studies demonstrating a decrease
of nearly 50% in uninsured rate. Though prior data suggest a

strong association between lack of insurance and increased mortality for trauma patients, these ME/MHR-related gains in coverage were not associated with a consistent or significant reduction
in inpatient mortality in our meta-analysis. The inpatient mortality odds ratio of 0.96 (Fig. 2) should be interpreted in light
of the 95% CI that effectively excludes a reduction in mortality greater than 12% and an increase in mortality greater than
5%. Available data cannot rule out smaller mortality changes
which could still be clinically meaningful. It is also possible

Figure 2. Mortality forest plot.
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Not serious

Not serious

Serious**

Serious**

Very serious¶ Serious¶

Not serious

Not serious

Not serious

Not serious

Not serious

Serious**,§

Not serious

Not serious

Serious**

*Most data are from single centers.
**Heterogeneous studies.
† Upgraded due to strong association.
‡ Methods can introduce bias and authors did not control for bias.
§ Varied results.
¶ Raw numbers not provided only percentages.

Access to care—critical outcome
3
Observational Very serious‡
studies
Hospital disposition—important outcome
6
Observational Serious*
studies
Costs of care—important outcome
2
Observational Very serious¶
studies
Timeliness of care—important outcome
3
Observational Very serious‡
studies
Complications—important outcome
4
Observational Serious*
studies

Not serious

Not serious

Mortality—critical outcome
8
Observational Serious*
studies
Not serious

Not serious

Risk
of Bias

Changes in insurance status—critical outcome
13
Observational Serious*
Not serious** Not serious
studies

No. Studies Study Design

No. Patients

None

Strong
association

Strong
association

Strong
association

Strong
association

Strong
association

Very strong
association†

Absolute
(95% CI)

Certainty

Not estimable

not estimable

Not estimable

Not estimable

Not estimable

⨁◯◯◯ VERY
LOW

⨁◯◯◯ VERY
LOW

⨁◯◯◯ VERY
LOW

⨁◯◯◯ VERY
LOW

⨁◯◯◯ VERY
LOW

⨁⨁◯◯ LOW

OR, 0.44
35 fewer per 1,000 ⨁⨁⨁◯
(0.34 to 0.59)
(from 26 fewer to
MODERATE
42 fewer)

Relative
(95% CI)

Effect

2,216/109,993 2,521/109,970 OR, 0.96
1 fewer per 1,000
(2.0%)
(2.3%)
(0.88 to 1.05)
(from 1 more
to 3 fewer)

20912/129421 9987/154088
(16.2%)
(6.5%)

No Medicaid
Other
Expansion or
Inconsistency Indirectness Imprecision Considerations ME or MHR
no MHR

Certainty Assessment

TABLE 2. PICO 1 GRADE Evidence Table
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TABLE 3. PICO 2—What Is the Impact of ME or MHR Compared With No ME or No MHR on EGS Patients?
Outcome of Interest
Changes in
insurance status—
critical outcome

Study
Eskander et al.,
2016

Study Design, Population
Retrospective pre-/post-MHR study, Comparing
colectomy patients from the Massachusetts
State Inpatient Database to the Nationwide
Inpatient Sample

Lyon et al., 2014 Retrospective pre-/post-MHR study, Comparing
Intensive Care Use for Massachusetts patients
including 42% surgical admissions compared with
four other states using the State Inpatient Databases
Mortality—critical
Eskander et al., Retrospective pre-/post-MHR study, Comparing
outcome
2016
colectomy patients from the Massachusetts State
Inpatient Database to the Nationwide Inpatient Sample
Lyon et al., 2014 Retrospective pre-/post-MHR study, Comparing
Intensive Care Use for Massachusetts patients including
42% surgical admissions compared with four other
states using the State Inpatient Databases
Access to care—
Loehrer et al.,
Retrospective pre-/post-MHR study, Assessing
critical outcome
2013
likelihood of nonwhite patients to undergo a minimally
invasive surgery for appendectomy and cholecystectomy
vs. open surgery in Massachusetts compared with
6 control states using the State Inpatient Database
Costs of care—
Loehrer et al.,
Retrospective pre-/post-MHR study, Assessing
critical outcome
2013
likelihood of nonwhite patients to undergo a minimally
invasive surgery for appendectomy and cholecystectomy
vs. open surgery in Massachusetts compared with
6 control states using the State Inpatient Database
Hospital disposition— Eskander et al., Retrospective pre-/post-MHR study, Comparing
important outcome
2016
colectomy patients from the Massachusetts State
Inpatient Database to the Nationwide Inpatient Sample
Lyon et al., 2014 Retrospective pre-/post-MHR study, Comparing Intensive
Care Use for Massachusetts patients including 42% surgical
admissions compared with four other states using the
State Inpatient Databases

Complications—
important outcome

Eskander et al.,
2016

Retrospective pre-/post-MHR study, Comparing
colectomy patients from the Massachusetts State
Inpatient Database to the Nationwide Inpatient Sample

Results
Change in insurance status
MA-Decrease in uninsured and increase in Medicaid,
shown in figure, p < 0.0001
Nationwide- Increase in uninsured and increase in
Medicaid, ratio uninsured:Medicaid unchanged,
shown in figure, p < 0.0001
Proportion uninsured, percent
MA 9.1% to 5.0%
Other states 9.3% to 10.2%
p < 0.001
In-patient mortality, percent
MA 2.6% to 2.0%, p = 0.13
Nationwide 3.3% to 2.9%, p = 0.04
Hospital Mortality, Difference-in-difference adjusted
yearly rate of change
MA −0.01% (95% CI, −0.22% to 0.21%)
Comparison states −0.23% (95% CI, −0.34% to −0.11%)
Probability of undergoing MIS for nonwhite patients,
percent change and adjusted difference-in-difference
MA +25.03%
Control States +19.63
ADID +3.71, p = 0.01
Cost of MIS vs. open surgery, dollars
Overall, US $1551.34, p < 0.001
MA pre-MHR, US $2744.77, p < 0.001
MA post-MHR, US $1893.52, p < 0.001
Discharge with services, percent
MA 38.1% to 37.3%, p = 0.57
Nationwide 23.8% to 26.2%, p = 0.007
Discharge Disposition, Difference-in-difference
comparison of MA versus 4 other states
Home with or without services
−0.19% (95% CI, −1.31 to 0.92)
Short-term Hospital
−0.19% (95% CI, −1.31 to 0.92) SNF
−0.11% (95% CI, −0.50 to 0.27)
Rehabilitation
0.40% (95% CI, −0.23 to 1.03)
Hospice
0.06% (95% CI, −0.05 to 0.08)
Inpatient postoperative complications, percent
MA
DVT/PE 1.6% to 1.5%, p = 0.88
Infection/sepsis 23.8% to 25.4%, p = 0.16
Nationwide
DVT/PE 1.9% to 2.0%, p = 0.47
Infection/sepsis 21.5% to 25.7%, p < 0.0001

MIS, minimally invasive surgery; ADID, adjusted difference in difference.

that increased insurance coverage may lead to a delayed, but
not immediate, improvement in clinical outcomes as increased reimbursement may lead to a better financial situation
for the hospital and subsequent investments in quality improvement. Finally, it is possible that the well-described association
between insurance status and inpatient trauma mortality is a
not directly causal, but rather points to a complex interplay of
host, prehospital, hospital, or provider factors across the continuum of trauma care.2
Notably, the large insurance coverage gains were associated with increased access to postdischarge care for trauma patients,26,29,32 which is critical to recovery after injury. Prior

work has demonstrated that rehabilitation after trauma is associated with improved functional status, improved quality of life,
and even decreased mortality at 1 year.4 Ongoing research regarding the impact of insurance coverage on postdischarge outcomes for trauma is needed to evaluate whether or not insurance
coverage protects against short-term or longer-term mortality
and long-term disability.
For EGS patients, there are limited data on the impact of
ME/MHR on our outcomes of interest. The uninsured rate
among EGS patients decreased after MHR; however, there were
no robust findings regarding postoperative mortality or complications for patients undergoing EGS procedures. However,
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given that poor outcomes for EGS patients are mediated by late
presentation and unmanaged or unknown comorbidities at presentation,37 future research should focus on assessing the impact
of insurance expansion on timeliness of presentation, management of other comorbidities, and subsequent impact on cost
and outcomes for EGS patients. Early analyses of private insurance expansion among young adults through the ACA's 2010
Dependent Coverage Provision are suggestive of earlier care
seeking and less complex disease at time of presentation for
acute appendicitis.37 Future work extending these ideas to ME
and a wider range of EGS patients is necessary.
Similarly, there were relatively few studies evaluating the
impact of ME/MHR on regional trauma systems, and it was
not possible to make a definitive recommendation given the heterogeneity of their quality and findings. In general, however, delivering excellent trauma and EGS care is dependent on multiple
factors including regional emergency care systems. We did not
find any studies that evaluated prehospital care or evaluated state
level funding of trauma systems. Single-center data suggest that
ME/MHR was associated with increased reimbursement, but
that DSH and supplemental payments also decreased. The
net impact of these competing financial changes is not yet
known. This is especially important as prior work has suggested that nearly two thirds of trauma centers had a negative
profit margin on trauma care prior to the ACA.38 Future research should evaluate the impact of these insurance expansion
policies on the entire trauma system, including prehospital, inpatient, and postdischarge care to aid the formulation of future
recommendations.
Finally, in addition to evaluating the evidence, GRADE
methodology recommends incorporating patient preferences into
the final recommendation. There are no current data regarding the
preferences of trauma and/or EGS patients toward the ACA.
However, as a proxy, the Kaiser Family Foundation has been
tracking attitudes toward the ACA and recently found that a majority of respondents had a favorable impression of the ACA
and nearly 75% of respondents held a favorable view of Medicaid
which they believe is working well for low-income Americans.39

Limitations
These findings must be interpreted in light of the study's
limitation. First, this systematic review is only a snapshot of
the evidence in a quickly evolving field. Medicaid expansion
is still a relatively new policy and continues to evolve, thus ongoing analysis will be critically important to evaluate the effects
of these policies as more data continues to become available.

Second, while we attempted to assemble a writing group from
broad political positions and from ME and nonexpansion states,
our study is still subject to bias as ME and the ACA remains a
controversial topic. However, we aimed to mitigate this potential
bias by adhering to the GRADE methodology. Finally, we focused our review on insurance expansion efforts from the 2006
MHR and the 2010 ACA ME policy; however, there are additional insurance expansion efforts that may have a significant
impact on trauma and EGS care in the United States. For example, the 2008 Oregon Medicaid health experiment and the 2010
Dependent Coverage Provision have shown that these expansion
efforts have impacted access to care, use of preventative health
services, improved self-reported health and improved financial
security among patients, which may translate into benefits to
trauma and EGS patients that were not captured in this systematic review.37,40,41

Future Investigations
As there is increasing interest to study the impact of health
reform on various patient populations and over a longer time
course, we anticipate a growing number of studies on this subject.
As individual states continually evaluate their position to enact
unique variations of different health reform policies, state-level policy variation can be leveraged to better understand the specific
mechanisms which underlie the relationships between insurance
coverage and access, quality, and costs of trauma and EGS care
in the United States. An important gap in the literature that must
be resolved through future work is assessing the impact of insurance expansion on both prehospital care and trauma systems. Rigorous evaluation will be required to best understand which policies
have the biggest impact on the care of the acutely ill and injured.

CONCLUSION
This systematic review is the first known study to offer a
meta-analysis of the impact of major insurance expansion policies on trauma and EGS patients. Recent health reform policies have led to large reductions in the uninsured rate among
these populations. These insurance coverage gains, however,
were not associated with a significant reduction in inpatient
mortality, but many studies highlight improved access to valuable postacute care. The quantity and quality of evidence for
trauma systems is not currently sufficient to make a recommendation. Given these findings and the quality of the evidence, we conditionally recommend for ME/MHR for trauma
and EGS patients (Fig. 3).

Figure 3. Summary of recommendations.
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