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Abstract

Background—Care provided in the emergency department (ED) can cost up to 5 times as much 

as care received for comparable diagnoses in alternative settings. Small groups of patients, many 

of whom suffer from an opioid use disorder, often account for a large proportion of total ED visits. 

We recently conducted, and demonstrated the effectiveness of, the first randomized controlled trial 

of a citywide ED care-coordination program intending to reduce prescription-opioid-related ED 

visits. All EDs in the metropolitan study area were connected to a web-based information 

exchange system.

Objective—The objective of this paper was to perform an economic evaluation of the 12-month 

trial from a third-party-payer perspective.
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Methods—We modeled the person period monthly for the 12-month observation period, and 

estimated total treatment costs and return on investment (ROI) with regard to cost offsets, over 

time, for all visits where the patient was admitted to, and discharged from the ED.

Results—By the end of month 4 the mean cumulative cost differential was significantly lower for 

intervention relative to TAU participants (−$1,370; p=0.03); this figure climbed to −$3,200 

(p=0.02) by the end of month 12. The ROI trended upward throughout the observation period, but 

failed to reach statistical significance by the end of month 12 (ROI=3.39, p=0.07).

Conclusion—The intervention produced significant cost offsets by the end of month 4, which 

continued to accumulate throughout the trial; however, ROI was not significant. Since the per-

patient administrative costs of the program are incurred at the time of enrollment, our results 

highlight the importance of future studies that are able to follow participants for a period beyond 

12 months in order to more accurately estimate the program’s ROI.
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INTRODUCTION

The Patient Protection and Affordable Care Act (ACA), focuses on achieving the objectives 

of the Triple Aim®; they are: improve the quality of patient care, improve population health 

and reduce the cost of per-capita healthcare.1 Among the financial incentives for providers 

and insurers to achieve these objectives under the ACA, particular emphasis has been placed 

on care coordination; however, this process often breaks down when patients seek care at the 

emergency department (ED). For example, Stiell et al.2 found that ED providers did not have 

relevant patient information such as medical history and laboratory test results, in almost 

one-third of the ED visits they examined. This information was deemed to be crucial to 

patient care in just under half of the cases examined. Moreover, the lack of information 

resulted in an average ED length-of-stay increase of 1.2 hours.

The ED is generally believed to be an area capable of large efficiency gains for the 

healthcare system. Many ED visits are thought to be non-emergent, and therefore treatable 

in an alternative setting3,4; what’s more, recent statistics show that over 60% of ED visits 

occur during business hours.5 Patient care provided in the ED is expensive relative to care 

received in alternative settings, with findings indicating ED care may cost up to 5 times as 

much for comparable diagnoses.6–8 Additionally, it has been shown that small groups of 

patients often account for a relatively large proportion of total ED visits. LaCalle and 

Rabin’s9 systematic literature review revealed that between 4.5% and 8% of ED users 

account for 21% to 28% of all ED visits. Frequent ED users are generally in relatively poor 

physical health,10 and suffer from comorbid substance-use or mental-health disorders.10–16 

Consequently, this population consumes immense quantities of healthcare resources.14,17–20 

Furthermore, heavy ED use has been associated with ED crowding, which can culminate in 

longer wait times, undue stress on ED staff and even inferior treatment outcomes.18,21–28 

These findings imply that a targeted multidisciplinary ED care-coordination program could 
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be very beneficial to this patient population, providers, hospitals/health systems, payers and 

society as a whole.

We recently completed, and demonstrated the effectiveness of, a multisite, randomized 

controlled trial of a citywide ED care-coordination program with a web-based information 

exchange system, for the management of frequent ED users exhibiting opioid-prescription-

seeking behavior.29 Participants in the care-coordination intervention had fewer visits to the 

ED, received fewer opioids and opioid prescriptions in the ED, and had fewer prescribers 

over the 12-month observation period. However, evidence of effectiveness is often not 

sufficient for implementation of such programs, given the resource constraints faced by 

payers of healthcare services. Therefore, the average cost of $729 per patient for this 

intervention (see the Cost Measures section below) may serve as a barrier to adoption if 

potential downstreatm cost-offsets are not taken into account. The objective of this study 

was to conduct a longitudinal economic analysis of the ED care-coordination program from 

a third-party-payer perspective. The findings from this study will be an important 

contribution to the literature given the unique nature of our program and the very limited 

number of studies that have evaluated the cost of other multidisciplinary case-management 

interventions for frequent ED users,30 as well as the weaknesses associated with the design 

and analyses of those prior studies.

METHODS

The Multidisciplinary ED Care-Coordination Trial

A 12-month randomized controlled trial designed to test the effectiveness of a 

multidisciplinary ED care-coordination program with regard to ED visits, amount of opioids 

prescribed and the number of opioid-analgesic prescriptions written in the ED was 

conducted between March 2012 and July 2013, with study enrollment ending in July 2012.29 

The program is designed to reduce “unnecessary” use of the ED, while also ensuring that 

patients get the care they need in the appropriate setting. An individualized ED care plan is 

created for each participant by a team of healthcare providers, including the patient’s 

primary care physician, ED physicians and nurses, and mental health and substance-use-

disorder professionals, among others. Additionally, the program is connected to a web-based 

information exchange system capable of sharing relevant patient information with ED care 

providers and other stakeholders, such as case managers and primary care providers, in real-

time, whenever an enrolled patient registers at an ED using the system. The framework and 

day-to-day administration of the program have been described in detail elsewhere.29,31

Patients in the control group received treatment as usual (TAU) in the ED. Data on ED use 

and costs, as well as prescriptions written were collected on participants for the 365 days 

prior to and following randomization. The study was approved by the Washington State 

University Institutional Review Board, and each of the study hospitals. A waiver of informed 

consent was obtained to ensure that being part of the study did not influence participant 

behavior or affect the patient-physician relationship.

The study took place in a metropolitan area in Washington State with a population of just 

over 250,000 people. The metropolitan area contained 3 hospitals, all of whom participated 
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in the study. Each hospital belonged to a separate healthcare system, and each had an ED 

that was connected to the web-based information exchange system described above.

Potential participants were selected in descending order of total ED visits in the 12-months 

prior to January 2012, across all 3 EDs in the catchment area. Eligible participants were at 

least 18 years of age; had 5 or more ED visits in the 12 months prior to trial enrollment, the 

majority of which were related to non-cancer pain complaints or drug seeking behaviors; did 

not already have an ED care plan in place; did not have a medical condition that could 

interfere with safe study participation in the trial; did not have any indication of acute 

suicidal behaviors in their medical record in the 30 days prior to enrollment; and did not 

have a high frequency of ED visits for medical reasons other than pain (e.g., serial 

inebriation). The final randomized sample consisted of 165 participants; 82 who were 

enrolled in the care-coordination program, and 83 in the control group. See Neven et al.29 

for full details of the study rationale and design.

Findings from the Trial29

Relative to the control arm, those in the intervention arm experienced a 34% decrease in the 

incidence of ED visits (IRR = 0.66, p < 0.001; 95% CI: 0.57 – 0.78) and an 80% decrease in 

the odds of receiving an opioid prescription from the ED (OR = 0.21, p = 0.001). Declines of 

43.7%, 53.1%, 52.9% and 53.1% were observed in the treatment group for morphine 

milligram equivalents, controlled substance pills, prescriptions and prescribers, respectively.

Economic Evaluation

We conducted an economic analysis alongside the trial of the multidisciplinary ED care-

coordination program. The analyses were conducted from the perspective of a third-party 

payer. This is an appropriate perspective to adopt here, as the program can be implemented 

as a stand-alone program, yet it is capable of impacting patient care across multiple 

providers, as it did in this study. Since the intent of an economic analysis is to inform “real 

world” resource allocation decisions, and given the diversity that is likely to occur in health 

insurance type among participants, resources were conservatively valued according to the 

actual estimated costs of providing the measured services.

Cost Measures

The number of ED visits, and the direct and indirect treatment costs associated with each 

visit were obtained from the hospitals. Given that the objective of the care-coordination 

program is to reduce “unnecessary” ED visits associated with prescription-opioid-seeking 

behavior, we focused only on visits that were most likely to reflect such behavior; that is, 

visits where the patient was both admitted to, and discharged from the ED. All expenses 

(direct and indirect) for providing services to patients during these visits were taken into 

consideration. Direct costs are those directly associated with the services provided as part of 

the patient’s care, while indirect costs are those associated with the operation of the facility, 

such as administration, facilities operations, etc. The smallest of the 3 facilities, which 

represented just under 17% of all ED visits, was only able to give us charges; therefore, we 

generated cost estimates using a facility-specific cost-to-charge ratio. All costs were adjusted 
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for inflation using the appropriate regional Medical Care Consumer Price Index,32 and are 

presented in 2013 U.S. dollars.

The mean administration cost of the care-coordination program was calculated for the 2013 

fiscal year using the Drug Abuse Treatment Cost Analysis Program (DATCAP) 

instrument.33 The DATCAP is designed to estimate the value of resources utilized by 

programs in a variety of settings. The instrument allows for the estimation of both 

accounting and economic costs. Accounting costs are defined as “the actual expenditures 

and depreciation of all resources used by the treatment program.”34 Economic costs are 

considered to be accounting costs, as well as the value of any resources used by the program 

that are either subsidized or used free of charge. The monthly accounting cost of 

administering and managing the program was estimated to be $19,376. This figure does not, 

however, include the value of the time donated by the multidisciplinary guidelines 

committee, which was valued at $936 per month, nor does it include the monthly cost of the 

information exchange system, which for the 3 hospitals in our study came to $3,754 per 

month. Adding these figures to the accounting cost brings the monthly economic cost of the 

program to $24,066. The resources described above allow the program to enroll 33 

participants per month, on average. Therefore, since that the vast majority of program costs 

are incurred at enrollment, the one-time per-patient program cost is estimated to be 

approximately $729.

Return on investment (ROI) measurement

ROI is a measure of the net benefit associated with an investment, relative to the cost of the 

investment. Thus, the numerator in our ROI ratio is calculated as the mean total cost 

differential between the intervention and control arms, minus the mean cost of the care-

coordination program, while the denominator is the mean cost of the care-coordination 

program.

Analysis

Differences in patient characteristics were tested via chi-square tests for categorical variables 

and t-tests for continuous variables. We modeled the person period monthly for the 12-

month observation period. All analyses were intention-to-treat.

A multivariable generalized linear model (GLM), with standard errors clustered by 

participant, was used to predict total treatment costs. The modified Parks test was used as a 

guide to choosing the appropriate variance structure for the GLM, and the Pearson 

Correlation, Pregibon Link and Modified Hosmer and Lemeshow tests assisted in choosing 

the proper mean function.35 The method of recycled predictions was used to generate the 

predicted mean costs for each arm, by month.35 The intervention’s ROI was then calculated 

for each month using the predicted cumulative cost differential and the mean cost of the 

program.

Missing data was not an issue due to the information being obtained from hospital 

administrative records. To account for sampling uncertainty standard errors, p-values and 

confidence intervals were estimated within the multivariable framework via a nonparametric 
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bootstrap. As a sensitivity analysis, we varied the per-patient cost of the program. All 

analyses were conducted using Stata 14.0.

RESULTS

We evaluated 163 of the 165 participants in the randomized intent-to-treat sample. Two 

participants were randomized to TAU, but were found to be suicidal prior to the 

establishment of an official enrollment date; therefore, we were unable to create the uniform 

12-month observation period for them. The descriptive statistics for the intervention (n=82) 

and control (n=81) arms are displayed in Table 1. Patients did not differ significantly 

according to age, gender, race, primary form of insurance, or total visits or treatment costs 

for the 12 months prior to the start of the trial.

Table 2 contains the predicted mean treatment costs for each arm, by month, as well as the 

cumulative cost differential and ROI. Additionally, the cost figures for each study arm, and 

the cumulative cost differential can be viewed graphically over time in Figure 1, while 

Figure 2 graphically displays the ROI over time. The cumulative cost differential between 

the intervention and TAU arms became statistically significant by the end of Month 4 

($-1,370, SE=626; p=0.03). Total treatment costs over the entire 12-month observation 

period were $5,785 and $8,985 for the intervention and TAU arms, respectively, resulting in 

a cumulative cost differential of −$3,200 (SE=1,345; p=0.02). Although the ROI trended 

upward throughout the observation period, it failed to reach statistical significance at the 

traditional 5% level by the end of the 12 months (3.39, SE=1.85; p=0.07). Our sensitivity 

analyses indicate that a 20% reduction in the per-patient cost of the intervention to $583 

(which is the approximate accounting cost of the intervention – see the Cost Measures 

section above) would be required for the ROI to reach statistical significance at the 5% level 

by the end of month 12. At this point, the ROI would be 4.49 (SE=2.31; p=0.05), indicating 

that for every dollar spent on the intervention the payer would see $4.49 worth of net 

benefits in the way of cost-offsets in the ED, assuming the program could maintain its 

effectiveness.

DISCUSSION

By the end of month 4 of the ED care-coordination program the cumulative cost differential 

for the intervention arm relative to the TAU arm was −$1,370 (P=0.03); the cost differential 

continued to rise through the end of the observation period (Figure 1), reaching −$3,200 

(p=0.02) by the end of month 12. The payer’s ROI associated with the program also climbed 

throughout the observation period reaching 3.39 by the end of month 12 (Figure 2); however, 

it failed to reach statistical significance at the 5% level. Given that the 5% level of 

significance, although conventional, is largely arbitrary, we feel it is worth noting that the 

ROI did reach statistical significance at the 7% level. That is, our results indicate that 93 

times out of 100 the payer could expect to see a net benefit of $3.39 in the ED for every $1 

invested in the intervention, by 12 months. Moreover, it appears that the cost-offsets and 

ROI would continue to climb after 12 months; however, we are unable to confirm this 

without a longer follow-up period. Furthermore, separate analyses of the parent ED care-

coordination program indicated that economies-of-scale opportunities may exist, implying 
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that the fixed per-patient program cost of $729 would decrease as the program expanded in 

terms of both patients and resources. The decrease in the per-patient cost of the program 

would increase the ROI, assuming the effectiveness of the program could be sustained. Our 

sensitivity analyses indicate that if the payer could reduce the cost 20% to $583 per patient, 

they would see a significant ROI of 4.49 by the end of month 12.

Although other cost analyses of ED care-coordination programs have been conducted,30 

including one by the authors,31 to the best of our knowledge this is only the second to be 

performed on a randomized controlled trial (RCT). This is an important distinction, as non-

RCT studies may well suffer from regression towards the mean.36 In the other RCT, 

Shumway et al.37 found the hospital’s costs to be similar between the intervention and 

control arms once the cost of the intervention was taken into account. However, this study 

took place in a single ED in a large metropolitan area and analzyed costs from the hospital’s 

perspective without accounting for participants’ use of the other EDs in the area. This is an 

important consideration given that frequent ED users often visit multiple EDs.38–41

Strengths and Limitations

The research design is a major strength of this study; however, there are also a number of 

significant limitations. First, the results do not reflect the “true costs” of the program to a 

third-party payer. We were unable to follow patients over their entire continuum of care; that 

is, we were unable to assess whether the payer would see cost-offsets in areas other than the 

ED. Given the relatively high cost of an ED visit, it is likely that other offsets would be 

small. Also, we used a conservative estimate for the cost of care by relying on the actual cost 

to the provider for services rendered. Second, we had to rely on the use of the cost-to-charge 

ratio for one facility to estimate the cost of care provided. That said, we were able to use a 

facility-specific cost-to-charge ratio, and previous findings indicate that cost-to-charge ratio 

estimates are quite accurate on average42; moreover, this affected fewer than 17% of our 

total ED visits. Third, we were unable to follow patients for more than 1 year post-

enrollment in the program. As mentioned above, the per-patient care-coordination program 

costs are incurred at enrollment; therefore, following patients over a longer period of time 

would give a more accurate estimate of the payer’s ROI, which trended upwards throughout 

the 12-month observation period. Fourth, with just over 80 participants in each arm, our 

sample size was relatively small; however, the study was adequately powered according to 

our a priori power calculations and the power observed in our analyses.43

An additional factor that could affect the generalizability of our findings is that during the 

study period the state of Washington was implementing a statewide coordinated campaign to 

reduce “inappropriate” ED use among Medicaid recipients. The Washington State Health 

Care Authority, who oversees the state’s Medicaid program, proposed a policy to deny 

reimbursement for ED visits deemed to be “not medically necessary”.44 The policy was 

eventually suspended by the Washington State legislature, in favor of one that allowed 

hospitals to implement 7 best practices for reducing “non-emergent” ED visits.45 Although 

the hospitals in our study were exempted from complying with the best practices for 

participants during the study, it is possible that the extra attention on inappropriate ED use 

may have affected ED care in general. Similarly, it is possible that providers who treated a 
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patient in the intervention group, and therefore saw the patient’s individualized ED care 

plan, may have subsequently treated similar, non-intervention, patients differently than they 

otherwise would have. However, we believe that if these political and observational factors 

had an effect, they would only serve to mute our findings.

CONCLUSION

We performed an economic analysis of the first multisite RCT of a multidisciplinary ED 

care-coordination program, where all EDs in the metropolitan study area were connected to 

a web-based information exchange system capable of sharing relevant patient information in 

real-time. Accounting only for cost-offsets associated with a reduction in ED visits where 

the patient was admitted to, and discharged from the ED, the program generated 

significantly fewer costs by the end of the fourth month, and continued to do so throughout 

the 12-month observation period. Although the ROI also climbed over this same period, it 

fell just short of reaching statistical significance at the traditional 5% level. Given that the 

one-time fixed cost associated with the program is incurred at time the patient is enrolled, 

our results highlight the importance of future studies that are able to follow patients for a 

period beyond 12 months.
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ARTICLE SUMMARY

1. Why is this topic important?

The emergency department (ED) is an area capable of producing large efficiency gains 

for the healthcare system. Frequent ED users often seek care for issues that could be 

addressed in an alternative setting. These patients could benefit from care coordination; 

however, the traditional process often breaks down when patients seek care at the ED.

2. What does this study attempt to show?

The objective of this paper was to conduct an economic evaluation, from a third-party-

payer perspective, of a multisite randomized controlled trial (RCT) testing the 

effectiveness of an ED care-coordination program targeting frequent ED users who have 

exhibited opioid-seeking behaviors. The program is noteworthy in that all EDs in the 

metropolitan study area were connected to a web-based information exchange system 

capable of sharing relevant patient information in real-time.

3. What are the key findings

By the end of month 4, patients in the care-coordination program had incurred 

significantly fewer cumulative ED treatment costs (−$1,370; p=0.03), on average. The 

mean cost differential continued to grow reaching −$3,200 (p=0.02) by the end of the 12-

month observation period. The payer’s return on investment (ROI) for the program also 

climbed throughout the observation period, but failed to reach statistical significance by 

the end of month 12 (ROI=3.39; p=0.07).

4. How is patient care impacted?

As our RCT showed, the ED care-coordination intervention was effective at reducing ED 

visits, opioids and opioid prescriptions in the ED, and the number of opioid prescibers 

over a 12-month observation period. Furthermore, the program is designed to help this 

medically-complex population obtain the care they need in an appropriate setting. 

However, the per-patient cost of such programs can serve as a barrier to implementation. 

The one-time fixed cost of enrolling patients in the program, combined with the upward 

trending cumulative cost differential and ROI observed here, highlight the importance of 

observing patients for a period beyond 12 months to obtain a more accurate estimate of 

the program’s ROI.
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Figure 1. 
Costs Over Time
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Figure 2. 
Return on Investment (ROI) Over Time
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Table 1

Descriptive Statistics

Variable

Intervention (n=82) TAU (n=81)

Mean Mean

Demographics (95% CI)

 Male 28% (19%, 39%) 32% (22%, 43%)

 Age (Median; IQR) 39 (34; 20) 37 (34; 19)

 White/Caucasian 80% (70%, 88%) 84% (74%, 91%)

 Black/African American 4% (1%, 10%) 4% (1%, 10%)

 Hispanic/Latino(a) 5% (1%, 12%) 6% (2%, 14%)

 Other race 11% (5%, 20%) 6% (2%, 14%)

Primary insurancea (95% CI)

 Private 17% (10%, 27%) 11% (5%, 20%)

 Medicare 21% (13%, 31%) 11% (5%, 20%)

 Medicaid 49% (38%, 60%) 60% (49%, 71%)

 Other insurance 1% (.03%, 7%) 4% (1%, 10%)

 Self/charity 12% (6%, 21%) 14% (7%, 23%)

12 months prior to enrollment (Median; IQR)

 Cost $16,570 (9,968; 13,269) $16,581 (11,392; 14,511)

 Visits 15 (14; 6) 15 (14, 8)
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Table 2

Predicted Mean Costs and Return on Investment (ROI)

Month Intervention TAU Cumulative Cost Differential (SE) p-value ROI (SE) p-value

1 612 867 −255 (322) 0.43 −0.65 (0.44) 0.14

2 446 538 −346 (396) 0.38 −0.52 (0.54) 0.34

3 493 716 −570 (460) 0.22 −0.22 (0.63) 0.73

4 457 1,257 −1,370 (626) 0.03 0.88 (0.86) 0.31

5 360 693 −1,702 (719) 0.02 1.34 (0.99) 0.18

6 686 925 −1,942 (836) 0.02 1.66 (1.15) 0.15

7 555 574 −1,961 (889) 0.03 1.69 (1.22) 0.17

8 245 469 −2,185 (946) 0.02 2.00 (1.30) 0.13

9 612 1,025 −2,599 (1,148) 0.02 2.56 (1.57) 0.11

10 531 388 −2,456 (1,196) 0.04 2.37 (1.64) 0.15

11 302 508 −2,663 (1,240) 0.03 2.65 (1.70) 0.12

12 487 1,024 −3,200 (1,345) 0.02 3.39 (1.85) 0.07
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