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BACKGROUND: Emergency department (ED) visits con-
tribute substantially to health care expenditures. Case
management has been proposed as a strategy to address
the medical and social needs of complex patients. Howev-
er, strong research designs to evaluate the effectiveness of
such interventions are limited.
OBJECTIVES: To evaluate whether a community-based
case management program was associated with reduced
ED utilization among complex patients.
DESIGN: Patients whose risk exceeded a threshold were
randomly assigned to a group offered case management
or to the control group. Assignment occurred at five inter-
vals between November 2017 and January 2019. Pro-
gram effectiveness for all assigned patients was assessed
using an intention-to-treat effect. Program effectiveness
among those who received treatment was assessed using
a local average treatment effect, estimated using instru-
mental variables. Both estimators were adjusted for base-
line characteristics using linear models.
PARTICIPANTS: Adults over age 18 with at least one
health care encounter with Michigan Medicine or St. Jo-
seph Mercy Health System between June 2, 2016, and
November 27, 2018.
INTERVENTIONS: Intervention arm participants (n =
486) were offered coordinated case management across
medical, mental health, and social service organizations.
Control arm participants (n = 409) received usual care.
MAIN MEASURES: The primary outcome was the num-
ber of ED visits in the 6 months following randomization
into the study. Secondary outcomeswere 6-month counts
of inpatient and outpatient visits.
KEY RESULTS:Of the 486 patients assigned to the inter-
vention, 131 (27%) consented to receive case manage-
ment. The intention-to-treat effect on ED visits was +
0.14 (95% CI: − 0.27 to + 0.55). The local average treat-
ment effect among thosewho consented and received case
management was + 0.53 (95% CI: − 1.00 to + 2.05).
Intention-to-treat and local average treatment effectswere
not significant for secondary outcomes.
CONCLUSIONS:The community casemanagement inter-
vention targeting ED visits was not associated with

reduced utilization. Future case management interven-
tions may benefit from additional patient engagement
strategies and longer evaluation time periods.
TRIAL REGISTRATION: Clinicaltrials.gov Identifier:
NCT03293160.
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INTRODUCTION

Complex patients contribute disproportionately to costs and
service use in the emergency department (ED)1, 2. Much of
this service use results from the exacerbation of chronic health
and social problems and is considered preventable3–7. Health
care systems, which increasingly bear financial risk for patient
health spending and have increasingly recognized the impor-
tance of social determinants of health, are seeking strategies to
address the complex needs of these patients8, 9. Case manage-
ment has the potential to address the needs of complex pa-
tients, reducing service use and improving quality10, 11.
Effective strategies to identify, reach, and deliver case man-

agement services remain elusive12. These strategies depend on
the social and health care needs of specific communities13. For
instance, interventions to reduce ED use related to addiction
disorders may involve a Screening, Brief Intervention, and
Referral to Treatment protocol14. Interventions to address
ED use related to diabetes may involve increasing access to
appointments and standardized scheduling14. The capacity of
health care and social service agencies to coordinate care to
address patient-centric needs also varies across communities.
While a number of studies have reported success in reducing
ED use through case management,11, 15–18 the evidence suf-
fers from methodological flaws, including uncontrolled pre-
post studies susceptible to mean reversion12. Randomized
studies are extremely rare in community-based case manage-
ment interventions19. Strong study designs are essential to
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build the knowledge base about effective and context-specific
case management strategies.
The Livingston and Washtenaw County State Innovation

Model was initiated in 2015 to address the challenges of caring
for complex patients. Part of a federally funded State Innovation
Model20 program, the intervention sought to bridge the siloed
provision ofmedical,mental health, and social services to address
the complex and cross-sector needs of patients. The intervention
used a predictive model to identify patients at risk for future ED
use, triaged patients to the appropriate health or social resource,
and followed through with assigned case management.
In this study, we describe the results from a randomized trial

in a community-based setting of complex patients. The aim of
the study was to evaluate whether the intervention reduced ED
use in the 6 months following assignment.

METHODS

Setting and Population

The intervention was funded through the Centers for Medicare
and Medicaid Services State Innovation Model (SIM). The
goal of the State Innovation Model is to partner with states to
test health policies and regulations that improve population
health, lower spending, and improve quality. CMS awarded
the State of Michigan $70 million to be distributed over 4
years and five Community Health Innovation Regions within
the State21. These regions were tasked with improving the
health of their geographic regions, including a focus on reduc-
ing the ED visits of frequent users. As of 2018, the US Census
estimated that Livingston and Washtenaw Counties had a
combined population size of 562,187, with a predominantly
(about 81%) white population and high median income
($78,430 in Livingston and $65,618 in Washtenaw) relative
to the state median22, 23 ($52,668)24. Roughly 5% of the
population of Livingston and 13% of the population of
Washtenaw lived below the poverty line.
The intervention focused on complex patients at high risk

for ED use in Livingston and Washtenaw Counties. While not
a criterion for enrollment, many of these patients were pre-
sumed to be covered by Medicaid, or uninsured25–28. Michi-
gan Medicine (University of Michigan) and St. Joseph Mercy
Health System were partnering organizations; collectively
they operated all licensed EDs in the two counties. IHA, a
multi-specialty group of outpatient practices, was also a
partnering organization. Clinical data related to ED, inpatient,
and outpatient use were used both to identify patients eligible
for the intervention and to assess study outcomes. Eleven
social service agencies were also partners in the intervention,
providing a range of services (Table 1).
This study was approved by the University of Michigan

Institutional Review Board.
Trial Registration: clinicaltrials.gov Identifier:

NCT03293160.

Intervention

The intervention was implemented between November 1,
2017, and May 27, 2019. It included two components: (1)
identification of target patients with a predictive model; (2)
triage to case management agencies and patient-centric case
management.

Identification of Target Patients with a
Predictive Model

To be eligible for our evaluation, a patient needed to be at least
18 years of age, randomized prior to December 31, 2018, and
have at least one encounter with Michigan Medicine, St.
Joseph Mercy Health System, or IHA between June 2, 2016,
and November 27, 2018.
We used electronic health record (EHR) data from these

two health systems to develop and validate a random forest
model to predict emergency department visits29. Random
forest is a non-parametric predictive modeling method for
classification (binary or multinomial outcomes) and regression
(continuous outcome) models30. The model utilized 12
months of baseline EHR data to predict the number of ED
visits in the following 6months for each resident in the dataset.
We limited the model development to residents of Livingston
and Washtenaw Counties. We validated the model using
fivefold cross-validation and temporal validation. During the
study period, the data for the model were periodically
refreshed to incorporate recent patient data.
Patients were randomized to treatment (the intervention

group) or delayed treatment (the control group). Those in the
control group were offered the case management intervention
after 6 months. Patients had an equal probability of assignment
to either arm. Patients were identified for randomization based
on a rank-ordering on their predicted ED use. The original
protocol called for a pre-specified tranche of patients to be
randomized every month. For instance, if the tranche included
40 patients, the 40 patients with the highest predicted ED use
would be randomized. In the subsequent period, the tranche of
patients with the next highest predicted use who had not yet
been randomized would be identified. As the intervention was
rolled out, the size of the tranche and periodicity of identifi-
cation were varied based on the capacity of case management
agencies, which led to variation in the number of patients that
were randomized in different periods (Table 1). Patients were
ultimately randomized during five separate periods between
November 2017 and January 2019. During this time, providers
were also able to refer patients into the case management
program. To preserve the integrity of the randomization, re-
ferred patients were excluded from the analysis.

Triage to Case Management Agencies and
Patient-Centric Case Management

The names and contact information of the patients who were
randomized into the interventiongroupweredistributed to11
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community-based case management agencies. Table 1 dis-
plays the core activities and target populations of each case
management agency. Patients were assigned to agencies that
had previously established relationships with these patients;
approximately 60% of patients had a previous relationship
with an agency.Patientswhohadnopre-existing relationship
with a case management agency were assigned to case man-
agement agencies with the capacity to absorb new patients.
Patientswhowere randomized to the intervention groupwere
contacted by the case management agency assigned to them
and invited to participate in the intervention. No monetary
compensation was offered. Agency case workers were
instructed to contact patients within 30 days and attempt to
gain consent for the intervention. Most of the attempts to
contact patients were conducted by calling patient phone

numbers obtained fromMichiganMedicine and St. Joseph’s
electronic health records data. After making contact, case
workers made an appointment with patients to conduct an
inventory of the patient’s social and medical needs. The case
worker then contacted appropriate community resources,
such as food banks, housing support services, and integrated
clinical teams, to assist patients in navigating health and
community systems.

Usual Care

Patients who were randomized into the control group contin-
ued to receive usual care for a 6-month period beginning with
the date of randomization. After the 6 months were over, these
patients were offered the same case management services as
the intervention group.

Table 1 Case Management Agencies of the Livingston-Washtenaw State Innovation Model

Agency Key activities Target patient populations Number of
consented
patients*

Avalon Housing • Case management for complex
patients
• Housing navigation
• Substance abuse disorder
recovery support

• Patients with housing insecurity; low-income pa-
tients; patients with mental health and substance abuse
disorders

5

IHA • Case management in offices and
clinics

• Patients in primary care settings 7

Home of New Vision • Screening and assessment
• Substance abuse disorder
recovery support

• Patients with mental health and substance abuse
disorders

19

Washtenaw County
Community Mental Health

• Intensive mental health services
• Coordination of physician
services
• Collaboration with community
partners

• Patients with mental health and substance abuse
disorders; adults with intellectual or developmental
disabilities

14

Michigan Medicine Complex
Care Management Program

• Case management for complex
patients
• Integration of clinical care and
social determinants of health

• Medically complex patients
• Patients with chronic illnesses and social barriers to
care

44

St. Joseph’s Complex Care
Social Work Program

• Case management for complex
patients
• Housing navigation
• Home and community visits by
clinical providers

• Medically complex patients
• Patients with mental health and substance abuse
disorders

17

Packard Health • Integration of clinical health and
behavioral health
• Chronic disease management
• Home visits

• Medically complex patients
• Low-income patients
• Patients with social barriers to care
• Multicultural and multiracial patients

9

Jewish Family Services • Navigation of community
services

• Older patients; patients with mental health disorders;
refugees

5

Livingston County Catholic
Charities

• Substance abuse disorder
counseling and outpatient
treatment
• Senior caregiver support
• Navigation of Medicare
insurance

• Patients with mental health and substance abuse
disorders; seniors; children in foster care

4

Washtenaw Health Plan • Navigation of community
services
• Navigation of health insurance
systems
• Coordination with school
systems

• Families and children; immigrants 2

Livingston County Community
Mental Health

• Integration of clinical and
behavioral health

• Patients with mental health and substance abuse
disorders; patients with intellectual or developmental
disabilities

2

*The sum of patients assigned to agencies 128 rather than 131. Three patients were given an initial screening but not assigned to an agency
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Outcome Measures

Our primary outcome was the count of ED visits in the 6
months following randomization. Secondary outcomes were
6-month counts of inpatient and outpatient visits.

Sample Size and Enrollment Targets

The enrollment of patients occurred in five waves, with the
first wave on November 27th, 2017, and the last wave No-
vember 27th, 2018. A total of 1256 patients identified as high
predicted users of the ED were ultimately randomized across
the five waves. After removing duplicates, selecting those with
randomization dates prior to December 31st, 2018, and
confirming that all patients were aged 18 or older, our final
sample included 486 intervention patients and 419 control
patients for a total of 905 (Fig. 1).

Statistical Analysis

Balance of observed covariates across patients assigned to
treatment and control was evaluated with standardized differ-
ences. Two estimation strategies were used to estimate the
effect of the intervention on study outcomes. First, the
intention-to-treat (ITT) effect was estimated, classifying the
treatment group as all patients assigned to treatment regardless

of participation. To correct for residual imbalance in covari-
ates, we estimated linear models that adjusted for age, sex,
enrollment wave, and utilization of health services from the 6
months preceding randomization. Second, we estimated the
local average treatment effect (LATE). Since not all patients
assigned to treatment consented to treatment, we used an
instrumental variable approach to capture the unbiased effect
of the intervention on patients who consented to treatment.
This method uses each patient’s random assignment (i.e., to
the treatment or the control arm) as the instrument for receipt
of treatment, which produces a better estimate of the effect in
the context of imperfect compliance with initial assignment.31

We adjusted for the same covariates as in our ITT approach.
Our estimates of the treatment effect were robust to alternative
methods, including propensity score nearest-neighbor
matching and inverse probability weighting. Confidence in-
tervals and p values were not adjusted for multiple compari-
sons. Results for the secondary outcomes (inpatient and out-
patient visits) should be considered exploratory.

Limitations

There was often a delay between the date of randomization
and the first visit with a case management agency, meaning
that, during the first several weeks of a patient’s treatment

Fig. 1 Sample flow diagram.
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period, no services would have been received, effectively
diluting the treatment. However, due to the nature of outreach
to complex patients, we expect that such delays would be
present in most implementations of similar interventions. Sec-
ond, one of the enrollment waves assigned a larger number of
patients to the treatment group compared to the control group;
however, in sensitivity analysis, we found that excluding this
wave did not change our results. Third, our findings are
context-specific: Michigan’s Livingston and Washtenaw
Counties may not resemble other regions in terms of demo-
graphics, transportation, housing services, and accessibility of
high-quality health care. Finally, we evaluate only utilization
measures and do not address care quality or patient
satisfaction.

RESULTS

At baseline, the intervention and control groups were an
average of 55 and 56 years old, with 40 and 45% of patients
over the age of 60 (Table 1). Women comprised 54% of
treatment patients and 52% of control patients. Most covari-
ates were closely balanced at baseline. In the 6 months prior to
assignment, intervention patients had an average of 4.05 ED
visits (compared to 3.88 among control patients) and 12.45
outpatient visits (compared to 10.75). However, there was
residual imbalance for inpatient visits, where intervention
patients had 1.53 inpatient visits compared to 2.11 among
controls (standardized mean difference = − 0.21).
Of the 486 patients randomized to the intervention group,

131 (27%) consented to participate in case management
(Table 2). Of the 355 patients who were assigned to the
intervention but did not join the consented group, about half

explicitly declined to join (n = 175). Another 40% either could
not be contacted (n = 96) or were deceased (n = 48). Case
workers deemed another 30 individuals ineligible for the
intervention, and the remaining 6 were not consented for other
reasons. It took a median of 27 days for staff to contact a
patient and confirm their intent to participate (or not partici-
pate) in the intervention.
Within those assigned to the intervention group, we also

compared patients who consented and those who did not (see
Online Supplement Table 1). The consenting group had a
somewhat larger proportion of women (57% compared to
53%). The two groups were most different in the number of
prior ED visits: consenting patients had an average of 5.2 ED
visits, compared to 3.6 among non-consenting patients (stan-
dard mean difference of 0.31). Consenting patients also re-
ceived more inpatient and outpatient care in the 6 months
preceding randomization (1.8 to 1.4, and 12.5 to 10.7).
After adjusting for age, sex, enrollment wave, and prior

utilization, the ITT effect for ED use in the 6 months following
assignment was 0.14 (95% confidence interval [CI]: − 0.27 to
0.55) (Fig. 2, panel a). This result implies a non-significant
increase in ED use among the case management group relative
to the control group. ITT estimates for inpatient use (− 0.21;
95% CI: − 0.60 to 0.18) and outpatient use (− 0.13; 95% CI: −
1.17 to 0.82) in the 6 months following assignment were also
non-significant. The LATE estimates were 0.53 for ED use
(95% CI: − 1.00 to 2.05), − 0.79 for inpatient use (95% CI: −
2.26 to 0.68), and 0.47 for outpatient use (95% CI: − 3.21 to
4.15), all non-significant.

DISCUSSION

In this randomized trial of case management to reduce ED use
for complex patients, we report three main findings. First, the
research design successfully identified patients likely to be
frequent users of the ED and randomization resulted in balance
across most covariates. Second, among patients assigned to
the intervention, only 27% consented to participate. Third,
intervention led to relatively small and non-significant chang-
es in ED use (the primary outcome) and inpatient and outpa-
tient use in the 6 months following randomization.
Our study is the largest randomized trial examining the

effects of case management on ED use (905 total patients,
486 treated patients). Our findings are similar to those reported
by Finkelstein and colleagues, who found that the Camden
Coalition of Healthcare Providers’ Core Model program did
not reduce re-hospitalizations19. Nonetheless, our study eval-
uates a somewhat different intervention, on a different out-
come, in a different community context. The Camden model
was implemented within an economically depressed commu-
nity with considerably higher rates of poverty than in our
study. Furthermore, to join the sample, Camden patients were
required to have a hospitalization in the preceding 6 months,
have at least two chronic conditions, and have other high-risk

Table 2 Sample Characteristics of Patients Randomized into
Intervention and Control Groups

Intervention (n
= 486)

Control (n
= 419)

Standardized
mean difference

Predictive model wave (n)
1 26 22
2 86 78
3 83 23
4 83 86
5 208 210
Age
Age, mean
(SD)

54.8 (19.9) 56.3 (18.9) − 0.08

Age groups (%)
18–39 26.4 22.6
40–59 34.0 32.0
60–79 26.6 33.9
80+ 13.1 11.5

Sex
Female (%) 53.9 51.6 0.05
Visits in 6 months prior to randomization, mean (SD)
Emergency
department

4.05 (5.07) 3.88 (4.36) 0.05

Inpatient 1.53 (3.91) 2.11 (4.88) − 0.21
Outpatient 11.22 (13.75) 11.89

(13.82)
− 0.07

A standardized mean difference of 0.10 or greater (absolute value) is an
approximate indication of imbalance in covariates
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medical or social traits; we did not select for these character-
istics in our intervention. Notably, Camden patients were
recruited during their hospital stays, and randomization oc-
curred after patients had consented. In our intervention, we did
not recruit patients from hospitals, but from community set-
tings, and we randomized patient names first, then invited
those patients to join the study. Lastly, the Camden model
primarily examined hospital readmission, while we targeted
ED use. Given these important differences, this paper contrib-
utes to the evidence that targeting high-utilizing, complex
patients with case management is challenging and perhaps
less effective than previously thought.
Our results conflict with much of the recent literature sug-

gesting that case management can improve quality and reduce
ED and acute health care use. A recent review of the effects of
interventions to reduce acute spending identified results from
17 case management interventions which connected patients
with community resources to address broad health and social
needs12 to reduce ED use.While 13 evaluations found positive
effects on ED use, they were compromised by uncontrolled
pre-post designs. Of the three randomized trials, two programs
showed a reduction in ED use. Seaberg and colleagues exam-
ined a patient navigation program among 282 patients (148
treatment) in the Erlanger Health System in Chattanooga,
Tennessee32. In the 12 months following assignment, ED
visits declined by 13.2% among treated patients and 8.8%
among control patients (p < .0001). Yet this paper reports
implausibly precise effect estimates, casting doubt on the
inferences. Shumway et al. examined a case management
program among 252 (167 assigned to treatment) patients in
San Francisco General Hospital15. They found that the pro-
gram was significantly associated with lower ED use in the 24
months following assignment. Yet effect magnitudes are not

reported, statistical methods are unclear, and significance tests
are likely compromised by multiple testing. Zulamn and col-
leagues assessed the effects of an intensive outpatient program
for 583 veterans (140 assigned to treatment) at the Palo Alto
Veterans Affairs Health Care System. An intention-to-treat
analysis found that the intervention led to a non-significant
reduction of 0.12 ED visits in the 17 months following assign-
ment. Due to methodological shortcomings, the literature
supporting the effectiveness of case management in reducing
ED visits is perhaps weaker than previously understood.
There are four key reasons why the Washtenaw-Livingston

Counties State Innovation Model may not have reduced ED
use. First, only 27% of patients randomized to the intervention
consented to participate. Specific strategies for engagement,
including financial incentives, might have increased interven-
tion uptake33. Evidence suggests that in-person engagement in
hospitals and EDs may also be an effective means for increas-
ing uptake. Second, of those that did choose to participate, the
6-month post-intervention exposure period may have simply
been too short to reduce ED use. Case management organiza-
tions may need more time to establish processes and build
patient rapport that result in measurable differences in utiliza-
tion. We cannot correct for this possibility since, in our study,
the control group also began receiving the intervention after 6
months. The other trials of case management examined post-
intervention periods between 12 and 24 months. Third, the
program required substantial coordination between communi-
ty partners, many of whom have different organizational cul-
tures, to identify, target, and manage complex patients. It may
have taken more time than anticipated for community partners
to develop effective operating procedures and norms to ad-
dress the needs of complex patients. Fourth, given the com-
plex needs of the study population, some patients in both

Fig. 2 Estimates of the Effect of Case Management on Patient Utilization. Panel a Intention-to-treat estimates. Panel b Local average treatment
effect estimates.
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intervention and control groups may have already been receiv-
ing some form of case management. While such services
would not have been as coordinated across social service
agencies as the case management available in the intervention,
existing case management may have muted the differences
between intervention and control groups.

CONCLUSION

The Livingston-Washtenaw State Innovation Model sought to
engage complex patients in community-based case manage-
ment services. For complex patients, case management may
improve certain aspects of care delivery or the patient experi-
ence by more holistically addressing social and environmental
needs. However, in our study, case management did not
reduce ED utilization relative to a control group. Our findings
highlight the importance of understanding how to effectively
engage complex patients in community interventions, and
further underscore the need to use high-quality evaluation
designs to build evidence of program effectiveness.
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