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Abstract:  

 

Remote and at-home medical services continue to increase in popularity in the United States due to 

workflow and cost advantages.  Remote care is often promoted by providers and policymakers but 

the actual costs of delivering care are largely unknown.  The recent COVID-19 pandemic gives an 

opportunity to determine costing of an at-home remote service.  Utilizing time-driven activity-based 

costing (TDABC), this article examines the costs required for delivering an at-home oxygen 

monitoring system for recently discharged COVID-19 patients.  Our study sheds light on some of the 

key cost considerations for delivering this type of care, such as the use of physicians increasing costs 

relative to using advanced practice providers (APP).  Another important cost consideration is whether 

the patient needed interpreting services, as it increased costs for the provider.  These results provide 

both management and reimbursement implications, particularly with regard to the use of interpreting 

services.  As remote care services continue to grow as a mode of healthcare delivery, it is important 

for healthcare managers to be aware of the leveraging of APPs when appropriate, as well as what 

patients may require interpreting services.  Payers, particularly government payers, benefit from 

knowing the cost implications that exist for providers delivering care to patients requiring interpreting 

services.  Moreover, such information could impact future reimbursement policies.    
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INTRODUCTION 

 

Due to technological advances and higher patient demand, remote care services have increased in the 

United States.1-5  Remote healthcare services are a subset of telehealth services that allow patients to 

receive preventative care or control measures outside of a medical facility.6  Additionally, healthcare 

providers have demonstrated various health conditions can be successfully managed using remote 

care services7-11 resulting in favorable health outcomes.8, 11-13  For organizations, remote care services 

may improve the overall service delivery workflow suggesting decreases in costs.14-19  Furthermore, 

given the potential for remote care services to increase patient access and increase efficiencies, 

policymakers tend to favor its wider adoption.20-23   

 

However, remote care services represent a substantial change from traditional office-based care: the 

remote approach changes the workflows, reimbursement, and costs for health providers.  All of these 

factors influence a provider's financial performance.24-25  Despite the pervasiveness, success, and 

interest in remote care services, the actual determination of the costs of delivering care represents a 

challenge from the provider's perspective.17  Understanding the financial and reimbursement impacts 

are vital to offering remote and telehealth services to patients, as these considerations are not readily 

known.26  The dramatic increase in remote care services in response to the recent COVID-19 

pandemic provides an opportunity to assess the costs of this form of care delivery.  Previous studies 

show the importance of remote care monitoring during the COVID-19 pandemic as a legitimate tool 

to monitor patients' health remotely to avoid an overburden of on-site resources.27-28  

 

Time-driven activity-based costing (TDABC) is a proven technique used in healthcare to estimate 

service costs.29-32   TDABC's usage focuses on gathering data in two key areas: the cost of applicable 

resources, and the time required for using those resources towards the delivery of a health service.33  

This study's purpose is to utilize TDABC to quantify the costs of providing an at-home oxygen 

monitoring intervention for COVID-19 patients.  The findings inform healthcare providers of remote 

oxygen monitoring care costs and their related cost drivers.  Thus, healthcare providers and 

policymakers become aware of the cost management, and potential reimbursement implications for 

these types of services.  

 

METHODS 

 

We used key informant interviews with healthcare providers to describe an at-home remote oxygen 

monitoring program and to obtain inputs for TDABC analyses.  TDABC is a simplified version of 

traditional activity-based costing (ABC), as it takes less time and data to implement as a costing 

model.  Additionally, TDABC applies well to calculating costs for specific medical services.34-36   

 

Setting & Virtual Care at Home Program Description 

 

In response to the increased demands for inpatient services during the COVID-19 pandemic, the 

Indiana Primary Health Care Association (IPHCA) in collaboration with the Indiana Family and 

Social Services Administration (FSSA) introduced remote patient monitoring.  Referred to as The 
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Virtual Care at Home Program, the objective was to provide care to patients who could be effectively 

managed outside the inpatient setting – thus freeing the state's limited inpatient capacity. Patients 

included those discharged early from an inpatient admission, or those referred after an emergency 

department visit.  Across the state, 8 community health centers participated in the program and at the 

time of this evaluation, over 200 COVID-19-diagnosed patients received remote monitoring services.  

 

The Virtual Care at Home Program focused on patients who needed subsequent oxygen care and 

monitoring.  It provided continued patient assessment and condition management for COVID-19-

positive patients, and their use of oxygen.  The primary means of patient evaluation focused on daily 

phone calls to the patient's home.  The program typically lasted 14 days and consisted of continuous 

monitoring by a nurse via daily phone calls.  The FSSA reimbursed providers at an in-person rate for 

remote care.  

 

Subjects 

 

In cooperation with Eskenazi Health, an Indianapolis area public hospital system, and Federally 

Qualified Health Center (FQHC), we interviewed 12 physicians, applicants, and other support staff 

that worked directly in the Virtual Care at Home Program.  We also reviewed protocols, guidelines, 

and instruction documents prepared by IPHCA to support program delivery.  The Indiana University 

Institutional Review Board approved this study.   

 

Application of TDABC 

 

As a costing method, TDABC granularly determines a healthcare service's costs throughout the cycle 

of care for a patient.33  In summary, TDABC begins with an identification of a medical service with 

defined start and end points.  Within this bounded service, TDABC requires the identification of the 

included activities.  Process maps aid in the identification of resources needed for each activity.  The 

time, and the associated costs, are then recorded for each activity.  Following this, the computation 

of a cost capacity rate (CCR) for each activity is determined and applied towards each activity to 

calculate total service costs.33  For our study, we applied the traditional TDABC 7-step process to 

estimate the cost of the Virtual Care at Home Program as follows. 

 

1. Identify the medical service of interest:  This analysis was limited to the services directly 

offered as part of the Virtual Care at Home Program.  The program was an outpatient-only service 

offered through the community health centers, so our analyses excluded inpatient costs associated 

with COVID-19 admission but included costs from the Emergency Department (ED) and inpatient 

(IP) discharges.  When a patient met clinical guidelines for the Virtual Care at Home Program at 

discharge, they were referred to ensure remote monitoring services could begin.  

 

2. Define the care delivery chain:  Through semi-structured phone interviews with program 

administrators and staff, we outlined each activity and decision in the administration of the Virtual 

Care at Home Program.  Prior to interviews, the team reviewed program documents to determine the 

high-level workflow.  The key informants then recounted each activity by describing a patient from 
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enrollment to program end.  Activities included those necessary for service delivery and 

administrative activities.  The final list of activities was sent to the organization's primary point of 

contact as a member check. We described the care delivery chain as a diagram.     

 

3. Identified resources needed:  We created data collection sheets that gathered data for each of 

the direct and indirect cost categories.  We identified the direct costs for the two main phases of the 

program, which were associated with the administration of and actual delivery of the Virtual Care at 

Home Program.  We also captured direct personnel costs needed to oversee the program, and 

applicable indirect shared services costs. 

 

4. Estimate time requirements:  After mapping the delivery chain activities, we created a 

standardized data collection sheet that captured the time required for each activity along with the 

relevant salary data.  We interviewed personnel to obtain estimates of each activity's time and effort 

requirements.    

 

5. Calculate cost of resources:  The required resources encompassed the actual home oxygen 

monitor itself, and the needed personnel costs.  The personnel costs included the provider, nursing, 

and other support personnel costs (e.g. interpreting services).  We used salary and wage data provided 

by Eskenazi Health and assumed a 40-hour work week for all the clinicians and support personnel.  

When Eskenazi was unable to provide certain salary data, published averages were used.   

 

6. The sixth step entailed calculating a cost capacity rate (CCR) for each activity in the care 

delivery chain.  The cost capacity rate is the total costs needed for an activity divided by the time 

duration for that activity.  We computed a CCR in dollars per minute for each activity. For most 

activities, this meant determining a cost-per-minute rate for a physician or advanced practice provider 

(APP).  

 

7. Finally, in step seven, we calculated the total costs for implementing the Virtual Care at Home 

Program.  To do this, we calculated the cost of each activity as the time spent in each activity 

multiplied by the activity's CCR.  After computing each activity's cost, we summed the costs of all 

the activities in the care delivery chain.  This final total represented the cost of providing the Virtual 

Care at Home Program.  We reviewed all activities, costs, and time estimates with program staff for 

verification. 

 

RESULTS 

 

The Virtual Care at Home Program consisted of two phases:  An access to care phase, and the actual 

administration and delivery of the home O2 monitoring (Figure 1).  The access to care phase started 

after a patient is discharged from the ED or IP setting.  The provider then determined if clinical 

guidelines were met for provision of the Virtual Care at Home Program.  When a patient did not meet 

clinical guidelines, they were classified as a routine discharge and were not referred to the Virtual 

Care at Home Program.  



6 
 

 

The administration of the Virtual Care at Home Program began with a nurse's initial patient 

assessment via phone (figure 1).  If the patient did not warrant an in-person appointment, then daily 

monitoring via phone calls occurred between the nurse and patient. Continued O2 monitoring typically 

lasted for 14 days.  If during the 14 days, a patient's symptoms worsened, the patient returned for an 

in-person visit with a primary care provider, and if necessary, sent back to the ER.  If conditions did 

not worsen, the nurse provided a notice of discharge, whereby the patient was either discharged 

outright or underwent a follow-up in-person appointment with a primary care provider.  When the 

follow-up visit met clinical guidelines for discharge, patients were released from the program.  
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Table 1 presents the cost information by activity for the access phase using TDABC.  Of note, the 

first activity, Provider assessment if guidelines are met, was considered a part of the discharged 

inpatient cost center and therefore not attributable to the cost calculation for phase one.  

 

Table 1 

PHASE OF CARE: ACCESS Total Cost 

1. Provider assessment if guidelines are met $  

2. Order for Home O2 by provider 

 

$18.44 

3. Case manager obtains oxygen, cylinder 

 

$33.68 

4. Referral to O2 monitoring program 

 

$7.48 

5. Notice of discharge by case manager 

 

$7.48 

                        Total Costs (PHASE OF CARE: 

ACCESS) 

$67.09 

 

The second phase of care was the actual delivery and management of the Virtual Care at Home 

Program – that of oxygen monitoring.  Table 2 reports the total cost information for both phases.  For 

the monitoring program, three distinct areas make up the bulk of total costs: (1) the provider 

assessments, (2) the RN/support staff patient monitoring, and (3) other direct costs.  Other direct costs 

consisted of time allocated to provider and/or executive leadership meetings, revenue cycle costs, 

food pantry box deliveries, EMR template building, on-call physician services, and the oxygen 

monitoring system itself.  

 

Finally, interpreting services report the costs associated with using the language line when a patient 

needed an interpreter while communicating with providers, RNs, and other support staff.  Based on 

our study, the cost of delivering the Virtual Care at Home Program for 14 days to 1 patient ranged 

from $703-$1298.  Costs varied by two key factors: (1) the type of provider used (either a physician 

or advanced practice provider) and (2) the need for interpreter services.  We stratified costs depending 

on the type of provider at $131.12 per patient.  Interpreting services cost $462 per patient for the 

entire 2-week time period.  Approximately 60% of the patients in Eskenazi Health's program required 

interpreting services. 
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Table 2: Complete Cost Summary of the Virtual Care at Home Program 

PHASE OF CARE Cost if primary care 

assessment by MD 

Cost if primary care 

assessment by APP 

Access to program from hospital1 

(Case manager orders, referrals)  

 

$67.09 $67.09 

Monitoring program – Provider portion 

(Provider assessments (3x) & additional 

calls for worsening symptoms) 

$262.78 $131.66 

Monitoring program (14 days of phone 

calls, scheduling, discharge visit, 

documentation, and weekend effort) 

 

$424.30 $424.30 

Other direct costs (meetings, executive 

leadership, community health workers, 

revenue cycle, equipment)2 

 

$82.47 $82.47 

Total costs 

 

$836.64 $705.52 

Additional costs if interpreter services 

required3 

 

$462.00 $462.00 

Total costs including interpreting 

services 

 

$1,298.64 $1,167.52 

1. MD assessment of patient eligibility for referrals excluded (considered part of 

inpatient stay costs). 

2. All costs distributed across all patients in the program. 

3. Estimated at $2.20 per minute for interpreter phone37. Eskenazi estimates that up to 

60% of patients require interpreter services via the language line.  

 

DISCUSSION 

 

Using TDABC methods, this study estimated the cost of delivery for a remote home monitoring 

service in response to the COVID-19 pandemic to range from $700 to $1300 per patient.  Cost 

estimation is important for healthcare organizations offering remote services, whether COVID-

related or not, to understand the financial value of these services,37 particularly in wake of the 

COVID-19 pandemic.38  

 

The TDABC methodology highlighted the two critical cost drivers for this remote service: (a) 

provider type and (b) the use of interpretation services.  It should be stressed that these two factors 

are both relevant for numerous types of remote services.  Prior research indicates that the use of 

"advanced practice" providers instead of physician providers results in lower cost of care delivery in 

both office-based settings39-42 and for remote care.43-44  In our study, using APPs lowered costs and 
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is congruent with industry data.  Therefore, health systems will benefit from understanding how to 

leverage APPs towards relevant services to achieve cost savings.  

 

Additionally, the continued growth in language needs in the United States demands that healthcare 

organizations meet the linguistic needs of their patients.  In this study, interpretation services were 

both a provider expense and frequently needed.  In the US, those that did not have English as their 

primary language were associated with an increased risk of COVID-19.45  For organizations 

considering remote services, a key preliminary step to understanding potential costs will be an 

adequate assessment of the linguistic needs of their patient populations.  The presence of interpreting 

services for medical providers is known to improve health disparities, access to care,46, and the quality 

of treatment decisions.47  Moreover, the use of interpreting services decreases long-term care costs 

for patients with chronic conditions.48  These findings highlight the importance of considering the 

cost implications of interpreting services in contracting with payer organizations.  For example, only 

under certain Medicaid plans can providers get reimbursed for interpreting services.49  Consequently, 

further study is needed around reimbursement issues regarding the use of interpreting services in 

order for providers to realistically provide healthcare to non-English speaking patients.  

 

In this study, the use of remote care was driven, at least in part, by threats to health system capacity 

(i.e. the availability of hospital beds) and public health considerations (i.e. limiting patients' exposure 

to COVID-positive individuals during treatment, as well as during travel to/from office visits).  

Nevertheless, apart from worldwide emergencies, remote care delivery is increasing.  For example, 

the recent COVID-19 pandemic spurred telehealth usage. Since April 2020, telehealth for outpatient 

care grew by 17%, and patient preferences and attitudes towards telehealth improved markedly 

compared to the pre-pandemic era.50    

 

This growth in remote care is also reflected in reimbursement policy.  The Centers for Medicare & 

Medicaid Services expanded the 2021 physician fee schedule for reimbursable telehealth codes.51  

Providers can now better prepare for the financial planning of remote care services.  Transparent cost 

identification and reimbursement all lend themselves to maintaining high-quality financial 

management of remote care services and, ultimately, the financial viability of the organization.   

 

Multiple methodologies exist to estimate the costs of care. TDABC provides significant benefits as a 

costing technique.  Utilizing TDABC is useful because it enables the calculation of costs for a service 

at a very granular level without the cumbersome efforts of other costing methods.33-34  The 

information needed includes the resources required and the time needed with each component 

resource that combine to produce the service.33-34.  

 

In healthcare, TDABC is relevant as a costing methodology.  Its use is pervasive and has been applied 

for various services, ranging from surgical services52-57 to outpatient care.58-61  TDABC is known for 

being a more efficient method to determine costs than with traditional ABC54, 57, 62-63 yet provides 

accurate costing information to manage service delivery52-53,57 and inform reimbursement policy.60-

61, 64  
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Furthermore, this study underscores the importance of understanding the overall workflow and what 

supportive infrastructure is needed to care for patients in a remote environment.  Irrespective of the 

type of remote care monitoring, creating a seamless infrastructure involves a relevant and detailed 

workflow, coordination among the care team, and effective communication with the patient.  Our 

study highlighted identifying patient needs, such as interpreting services, as a means to solidify such 

an infrastructure.  The maintenance of hospital and ED capacity is vital, perhaps moreso in a 

pandemic environment, but critical as well in non-pandemic times.  Remote monitoring helps 

inpatient providers avoid diverting patients elsewhere and facilitates providing post-discharge care.  

To that end, determining the workflow and costs for providing remote care supports its successful 

implementation.   

 

Limitations 

 

This study's findings may lack generalizability to other settings and services.  The estimated costs 

were specific to a defined service.  Other instances of remote monitoring for COVID-1939-42 may have 

resulted in different applied cost methodologies, and cost results.  Likewise, salaries and indirect costs 

may be variable in different institutions or regions.  Also, this study did not assess patient experience 

in contrast to other modes of care delivery or experiences within different provider types.  Future 

work could directly collect and contrast patient experiences under different arrangements while 

incorporating costs.  

 

CONCLUSION 

 

The continued growth of remote care services proves their importance in the United States healthcare 

system, with such services significantly galvanized by the recent COVID-19 pandemic.  The driving 

factors of remote care costs for patients with COVID-19 were (a) the type of provider and (b) whether 

the patient required interpretation services.  The TDABC approach provides a granular yet accessible 

method to determine costing and identifies key cost drivers of a particular health service.  Health 

systems should consider the application of TDABC for any relevant analysis of service costing.  
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