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Abstract

Objective: To estimate the marginal cost differences and care delivery process of a
telerehabilitation versus outpatient session.

Design: This study used a time-driven activity-based costing (TDABC) approach including 1)
observation of rehabilitation sessions and creation of manual time stamps, 2) structured and
recorded interviews with two occupational therapists familiar with outpatient therapy and two
therapists familiar with telerehabilitation, 3) collection of standard wages for providers, and 4) the
creation of an iterative flowchart of both an outpatient and telerehabilitation session care delivery
process.

Setting: Telerehabilitation and outpatient therapy evaluation.

Participants: Three therapists familiar with care deliver for telerehabilitation or outpatient
therapy.

Interventions: Not applicable.

Main Outcome Measures: Marginal cost difference between telerehabilitation and outpatient
therapy evaluations.

Results: Overall, telerehabilitation ($225.41) was more costly than outpatient therapy ($168.29)
per session for a cost difference of $57.12. Primary time drivers of this finding were initial phone
calls (0 mins for OP therapists versus 35 mins for TR) and post documentation (5 mins for OP
versus 30 mins for TR) demands for telerehabilitation.

Conclusions: Telerehabilitation is an emerging platform with the potential to reduce
costs, improve healthcare inequities, and facilitate better patient outcomes. Improvements in
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documentation practices, staffing, technology, and reimbursement structuring would allow for a
more successful translation.
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Access to stroke rehabilitation is limited for certain demographic groups including rural and
low-income stroke survivors.1=® The odds of receiving rehabilitation therapy for a stroke
survivor are 1.2 times greater for urban than rural residents, with a 45% decreased odds

for highly rural area where the population density is <7 per square mile.> Early and high
intensity therapy are necessary for maximal stroke recovery.8 Higher doses of therapy are
correlated with better outcomes’, but traditional outpatient therapy is drastically underdosed
with reduced effectiveness.%8 Barriers to high dose therapy include cost, transportation,
shortage of specialists in rural care, and patients’ poor adherence to home protocols.®

Telerehabilitation has the potential to overcome these barriers to care. Telerehabilitation
involves the use of communication technologies such as telephones, videoconferencing, and
remote tracking devices to deliver rehabilitation.10-11 Widespread use of telerehabilitation
for stroke therapy could revolutionize occupational therapy (OT) delivery. Stroke care via
telehealth has been shown to improve reach to rural communities 3. Additionally, when
compared to traditional face-to-face therapy, telerehabilitation provides equal or greater
benefits for stroke in areas of motor planning?, activities of daily living!1, quality of life and
depression’2, caregiver training and burden!3, and balance.1# Furthermore, telerehabilitation
for stroke has demonstrated high levels of patient safety, satisfaction, and favorability.®

While there is growing support for telerehabilitation’s potential to improve patient access
and positive therapy outcomes, little work has been done to compare its cost-effectiveness
versus traditional in-person outpatient models of care .11:15 A 2022 systematic review
revealed two telerehabilitation for stroke studies that considered costs.16 However, these
studies were specific to a gaming interventionl’ and a telephone follow-up protocol!® that
are not necessarily reflective of general telerehabilitation. A third publication addressed
costs for general telerehabilitation but specifically omitted indirect time costs such as

the organization of care and documentation.1® Another systematic review concluded
telerehabilitation has the potential be a cost-saving approach to care delivery.20

Cost analyses can identify costly variations in the care process that can be targeted for
improvement There are three primary costing methods: 1) applying cost to charge ratio
(CCR) to billing data, 2) using published relative value units (RVU), and 3) assessing
actual patient visit flow using activity-based costing (ABC).2! The disadvantage with these
traditional costing methods is they make it difficult to identify variations in the care process
that may be significant drivers of costs and potential targets for improvement.22 Traditional
billing lumps all rehabilitation costs into one number without any detailed information
about work flow. Without a deep understanding of the care processes, it is difficult to find
opportunities to improve efficiency.
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In contrast, ABC starts with a bottom-up approach to build to an upstream aggregate cost.
By examining the actual activities that make up a therapy session and who performs them,
it is possible to clearly define processes and reduce costs of workflow and care delivery.
Additionally, changing who performs certain activities can reduce aggregate costs. For
example, costs can be reduced by having certified occupational therapy assistants (COTAS)
rather than OTs provide some interventions or aides rather than therapy staff address
administrative tasks. Traditional ABC, however, is limited by a lack of a time component.
For billed services, an OT and a COTA are going to spend the same amount of time
treating a patient with different levels of salary. However, costs for nonbillable time such as
patient scheduling, non-point of service documentation, and equipment setup are difficult to
calculate with traditional ABC methods.

Examining the cost of care delivery broken down into a minute-by-minute flowchart will
allow for the comparison of different approaches to therapy and discover possible areas

for improvement. Time-driven activity-based costing (TDABC) is a technique used to
improve efficiency in healthcare workflow by measuring costs required to deliver healthcare
processes while adding a time variable.2! It combines techniques from accounting and
industrial engineering to identify potential areas of cost reduction.?3 This is typically done
within the context of a specific type of patient visit. The element of time enables researchers
and decision makers to understand how shifting clinic responsibilities or documentation
processing may influence overall cost. For example, an occupational therapy aid spending 5
minutes to set up equipment allows occupational therapists to focus more effort on billable
treatment time for high level rehabilitation. A TDABC consists of a multiple step process
that is resource intensive utilizing expert interviews for short and inexpensive activities

and observation for longer and complex activities.24 Recently, a modified TDABC process
was developed and applied to telehealth.2> This approach has demonstrated feasibility,
requires less research resources, and utilizes a structured qualitative approach to have
expert providers describe workflows to be used to estimate resources used to deliver

care. Workflow resource costs are then calculated for use as cost weights in economic
evaluations.2

The aim of this project is to use time-driven activity-based costing (TDABC) to define the
care delivery process and marginal cost differences for delivery of an initial OT assessment
visit using telehealth compared to an in-person approach. Given the inherent reduction

in patient travel time and cost-saving predictions from the literature2, we hypothesize
telerehabilitation will be less costly than outpatient therapy as a care delivery process. We
also hope this project will help define the care delivery process for telerehabilitation and
assist therapists and administrators by providing them with potential areas of cost reduction.

2. Methods

We examined the costs of providing a stroke rehabilitation session via telerehabilitation
versus traditional outpatient therapy using TDABC. This TDABC approach?42° included: 1)
observation of rehabilitation sessions and creation of manual time stamps, 2) structured and
recorded interviews with two occupational therapists familiar with outpatient therapy and
two therapists familiar with telerehabilitation, 3) collection of standard wages for providers,
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and 4) the creation of an iterative flowchart of both an outpatient and telerehabilitation
session care delivery process. This study followed the reporting guidelines to ensure a
standardization for TDABC research.28 This study was deemed a quality improvement
project by the Institutional Review Board at the Medical University of South Carolina.

2.1 Site descriptions

For this TDABC analysis, we observed three therapy sites within the United States. Sites
were chosen based on their established integration of telerehabilitation. The first was a
large, hospital-based outpatient clinic in a metropolitan area focused on neurorehabilitation.
The second was a private company offering telerehabilitation to rural school-aged patients
with neurological deficits. The third site was a nationwide healthcare system experimenting
with telerehabilitation for patients with neurological deficits using an in-house developed
videoconferencing platform. While the focus of this project was on care delivery for stroke
rehabilitation, we felt the care delivery process would not differ significantly with other
neurological conditions. To increase our number of sessions, we also observed patient
conditions included multiple sclerosis, brain injury, and cerebral palsy.

2.2 Observation of rehabilitation sessions and creation of manual time stamps

The first step in the TDABC process consisted of one author observing 19 neuro-
telerehabilitation sessions to better understand the care delivery process. The researcher
recorded descriptions of tasks completed during the therapy session, the flow of tasks, and
time spent on all tasks for each session. Time was kept via a stopwatch and rounded to

the nearest minute. Additionally, actors (all personnel) involved in the care delivery process
were recorded. Based on these recordings, basic care delivery flowcharts were drafted. After
the 19 sessions, no new information was emerging as saturation had likely been achieved.

2.3 Interview process

The second step involved researchers administering semi-structured interviews with
therapists familiar with telerehabilitation or outpatient neurorehabilitation.24 Probing
questions were asked to improve the depth of understanding of the care delivery process.
Therapists assigned appropriate actors and approximate minutes spent on each task of their
respective flowcharts. Previously collected timestamps and respective flowcharts were also
presented to therapists for comparison and validation. Additionally, therapists provided
information for actors and tasks done outside of the session but that are still directly related
to the care delivery (ex. phone calls to schedule appointments and extra documentation time
at the end of a workday). Handwritten flowcharts were updated with therapist feedback.

After the draft of the flowchart was updated, therapists were re-consulted to individually
validate the flowcharts where suggestions for changes were discussed. This iterative process
was continued until a consensus was reached among therapists as to the average process
flow.

2.4 Labor wage calculations

Labor statistics were gathered from the 2020 U.S. Bureau of Labor Statistics and included
median hourly salary for all actors identified in the interviews.2” All currency reported
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in this study are in 2020 US dollars (USD). Medians were used instead of means so the
assigned cost weights would not be skewed right by extremely high outliers. Median annual
salaries were determined by median hourly wages multiplied by an assumed 40 hours per
week for 52 weeks. A median loaded salary was calculated by adding 35% to the median
annual salary to include fringe benefits (i.e., health insurance).28 Median costs per minute
were then calculated by dividing the median loaded salary by 2080 yearly hours then

further divided by 60 minutes. Per minute costs are essential for TDABC as they provide an
estimated cost per actor for each phase of the care delivery flowchart. This resulted in data to
compare costs and improve care delivery efficiency. All descriptive statistics were computed
with Microsoft Excel.

2.5 Flowchart mapping and cost comparison

The final care delivery flowcharts for evaluations for both outpatient and telerehabilitation
sessions (Figures 1 and 2) were mapped with LucidChart software (Lucid Software Inc.;
South Jordan, Utah). Actors are differentiated in flowcharts by different colors for improved
readability. Total costs for both flowcharts were calculated and compared to define cost
differences between outpatient and telerehabilitation services. Tasks, minutes, and actors’
per-minute costs for both telerehabilitation and outpatient sessions were compiled into a
table. Minutes spent for each task were multiplied by actors’ per-minute costs and summed
to estimate total cost for each session type. Marginal cost was calculated as the total cost of a
telerehabilitation visit minus the total cost of a traditional outpatient rehabilitation.

3. Results

3.1 Actor identification

The purpose of this study was to define the care delivery process and estimate the marginal
cost differences between a telerehabilitation versus outpatient session for stroke survivors.
Observers and therapist interviewees identified the actors involved in the care delivery flow
for outpatient therapy. These included occupational therapists (OTSs), certified occupational
therapy assistants (COTA), support staff (clerical), and the patient. Outpatient therapists also
mentioned clerical staff. For telerehabilitation, all therapists mentioned they do not have a
secretary and perform all clerical duties.

3.2 Wage calculations

The identification of all actors during session observations allowed for the calculation of
specific labor wages. National data of labor wages for all actors were collected (Table

1).27 For therapists, base median hourly salaries were: OT ($41.48), and COTA ($30.26).
Annual median salaries were OT ($86,278) and COTA ($62,940). With the addition of a
35% increase for fringe benefits, loaded salaries were: OT ($116,476) and COTA ($84,970)
based on typical practice standards. Productivity standards were assumed to be 83% for OTs
and 90% for COTAs. This number was multiplied by 2080 (assumed full-time hours for one
year) to determine productive hours. Productive hours were then used to calculate per minute
costs for each employee. Cost per minute for each therapist were: OT ($1.12) and COTA
($0.76).
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Both clerical and patient hours were calculated at 80% productivity. Patients’ wages were
calculated as the national average for all occupations. This came out for patients as: $20.17
(median hourly), $41,954 (median yearly), $56,637 (loaded salary), and $0.57 (cost per
minute). Clerical staff wages were: $17.96 (median hourly), $37,356 (median yearly),
$50,431 (loaded salary), and $0.51 (cost per minute).

3.3 Phase identification, flowchart creation, and final cost comparisons

Next, observers and therapist interviewees identified the main task phases of the care
delivery flow for telerehabilitation outpatient therapy (Table 2). The phases were identified
in order as: call to schedule appointment; transportation/parking; check in/chart review;
evaluation/treatment; schedule follow up, clean-up/documentation; and patient transportation
home. Technical difficulties for patients and clinicians included internet connectivity,
equipment (ex. webcam or microphone), or software failure (ex. program crashed). These
were not included in the flowchart as they were inconsistent and occurred spontaneously
during different times of the session. However, we tested this in a sensitivity analysis and the
range goes from $225.41 with 0 technical problems to $231.64 with an average of 3.7 mins
for technical problems.

Final evaluation flowcharts can be found in Figures 1 and 2 for traditional rehabilitation
therapy evaluation and telerehabilitation evaluation respectively. Overall, telerehabilitation
($231.64) was more costly than outpatient therapy ($168.29) per session, resulting

in a marginal cost difference of $63.35. Primary time drivers of this finding were

initial phone call (0 mins for outpatient therapists versus 35 mins for telerehabilitation)
and post documentation (5 mins for outpatient versus 30 mins for telerehabilitation)
demands for telerehabilitation (Table 2). Interviewees described a lack of electronic health
record integration with telerehabilitation as one of the reasons for increased post-session
documentation. Additionally, technical difficulties were responsible for a mean of 3.7
minutes (SD=4.6) lost per session for both patients and clinicians. When multiplied by
the cost per minute of a computer user support specialist, this equates to an average of $6.23
per session.

4. Discussion

To our knowledge, this is the first attempt to define the care delivery process and compare
the resulting marginal costs for telerehabilitation versus outpatient therapy. In contrast to
our hypothesis and findings from other studies®:20, this project found that telerehabilitation
was more costly than traditional outpatient therapy. It is likely that our results reflect

that outpatient therapy, as a longstanding traditional standard of practice model, has

been streamlined, while in contrast, telerehabilitation is new and without standards of
practice. At this time, outpatient therapy may be less costly because therapist work time

is maximized in reimbursable activities. However, telerehabilitation is an emerging platform
with the potential to reduce costs, improve healthcare inequities, and increase therapy
intensity to facilitate better patient outcomes given opportunities for system learning toward
improvements in process efficiency. To advance telerehabilitation efficiency, the results of
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this project stress 3 potential areas of improvement: 1) documentation practices, 2) staffing,
and 3) technology.

4.1 Documentation practices

Telerehabilitation therapist interviewees mentioned long periods of unbillable time required
to complete post session documentation (Table 2). This may be very specific to the
observed sites, but this lost time was due to the inefficient methodology of scoring clinical
assessments in paper form and then spending the time to manually upload the forms into
the electronic health records (EHR). In outpatient therapy, this lost productivity time has
been reduced by improved clinical assessment integration into the EHR. Therapists can
enter and sign assessment outcomes electronically to skip the unnecessary practice of
printing and scanning these documents. This may become more commonly available as
more rehabilitation assessments are validated for virtual use.2?

4.2 Staffing

The telerehabilitation therapists in this project also mentioned spending nonbillable time
that is traditionally not performed by therapists. Therapists’ time spent on scheduling
appointments and teaching patients how to use telerehabilitation software and technology
could be streamlined to lower paid personnel or through recorded instructions to improve
therapist productivity and maximize cost savings.3 This finding is consistent with previous
literature noting increases in consultation time with telerehabilitation approaches to care
delivery.20 In contrast, outpatient rehabilitation utilizes clerical staff to schedule and handle
administrative responsibilities which allows therapists to spend more time in reimbursable
activities. Additionally, for therapy documents that are not integrated into the EHR,
outpatient therapists have additional clerical staff support who can upload the documents
S0 as not to reduce therapist productivity.

4.3 Technology

Technical difficulties and digital literacy must be considered to improve patient and therapist
adoption. Limited access to technology and internet connectivity are major barriers to
telehealth use.3! In particular, older patients consider the technical performance, user effort,
and perceived digital privacy and security when deciding to use telehealth.32 Improved user
interfaces and patient education on troubleshooting and increasing computer literacy may
help to reduce the impact of these difficulties. By default, outpatient therapists do not have
technology barriers with the delivery of a session. However, they also have clerical support
to help troubleshoot issues with computers and rehabilitation equipment.

Additionally, examining technology and processes related to other successful uses of
telerehabilitation that have been in use longer may help improve care delivery. For example,
pediatric therapists have pioneered the use of telerehabilitation to improve access for
school-aged patients.3334 Learning from their success and struggles may help accelerate
the adoption process and improve reimbursement.
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Study Limitations

Some limitations of these project findings exist. Our focus was on improving the process of
telerehabilitation for stroke survivors. Though some of the patients had other neurological
disorders, the results may not be generalizable to other conditions. It is important to note
that we did not assess the content of the evaluation/treatment for patients, just the care
delivery process. For example, specific clinical assessments may differ for stroke survivors
and patients with multiple sclerosis. However, it is the authors” opinions that the logistics of
the care delivery process (outside of billable time) such as transportation, appointment check
in, and documentation time are not likely to vary between these populations. This general
approach to assessing care delivery for multiple diagnoses has been done for outpatient
clinics®® and pre-operative centers.3¢ Therapists interviewed were local to South Carolina
and, therefore, results may not be generalizable to other clinics, regions of the United States,
or other countries. Reimbursement for different tasks in the flowcharts may differ in other
countries. This project was focused on individual sessions and aggregate costs may differ.
Additionally, we feel that though evaluation and treatment approaches are much different
for OT and PT, the logistical care delivery processes are not significantly different. Further
research could examine this further to observe possible differences (i.e., documentation
speed).

This project did not include overhead costing as our purpose was to help improve workflow
efficiency. Future studies should compare overhead costs of telerehabilitation and outpatient
therapy. Facility operations can vary greatly by region and size of practice. Additionally,
telerehabilitation practice likely vary greatly depending on the types of software used and
size of the company providing services. It is important to remember this research represents
a simplification of reality for process improvement purposes; facility-specific analysis is
recommended to compare local costs. Salaries are based on national averages but will

vary significantly based on local salaries for both patients and staff. This study did not
compare rural and urban patients, although costs for transportation time was not influential
enough to make the telerehabilitation session less costly in this case. This study also did

not include the costs of parking as this can be highly variable depending on the facility

type and location nor did it include hotel accommodations for patients having to travel
extra-long distances. This study did not account for missed visits, though this has been
explored generally in telehealth previously3” and compliance with care has been previously
reported as comparable.18 Finally, the cost of milage is $0.16 per mile for medical care
which was also not included in this analysis as we were focused on time not distance.38 The
relationship between time and distance driven would vary dramatically depending on if the
outpatient facility is urban or rural.

Conclusions

Telerehabilitation is an emerging service delivery model for adult stroke survivors that has
the potential to reduce social disparities and improve access to care. However, improvements
in the delivery are necessary to advance efficiency and promote widespread adoption.
Maximizing the time therapists spend with patients in therapy and minimizing nonbillable
time will dramatically improve costs. Additional cost studies should be performed to
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examine alternative forms of telerehabilitation such as asynchronous training and group
therapy as well as overhead cost differences.
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TDABC flowchart of an outpatient therapy evaluation: Arrows indicate the flow of the care
delivery process. Boxes are color coordinated to represent actors. Yellow boxes represent a
clerical/patient interaction. Blue boxes represent only patient time. Green boxes represent

therapist time.
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Figure 2:
TDABC flowchart of an outpatient therapy evaluation: Arrows indicate the flow of the care

delivery process. Boxes are color coordinated to represent actors. Blue boxes represent only
patient time. Green boxes represent therapist time.
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Table 1
Labor Wages
Hourly Annual Minute

Occupation Title Median | Mean Median | Fringe Benefits | Loaded Salary | Cost/Min
All Occupations $20.17 $27.07 | $41,953 | $14,684 $56,637 $0.57
Occupational Therapists | $41.48 $42.06 | $86,278 | $30,197 $116,476 $1.12
Occupational Therapy
Assistants $30.26 $30.49 | $62,940 | $22,029 $84,970 $0.76
Medical Secretaries $17.96 $18.75 | $37,356 | $13,075 $50,432 $0.51
Computer User SUpport | g5 33 | $27.40 | $52,686 | $18,440 $71,127 $0.71

Specialists
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Table 2

Outpatient versus telerehabilitation evaluation cost comparison

Outpatient Telerehabilitation

Phase Description oT Clerical | Patient oT Patient
Phase 1 | Call to schedule initial/confirm next (minutes) 0 5 5 50 35
Phase 2 | Transportation/parking (minutes) 0 42 0 0
Phase 3 | Check in/chart review (minutes) 5 2 2 9 7
Phase 4 | Evaluation/treatment (billable) (minutes) 45 0 45 60 60
Phase 5 | Schedule follow up (minutes) 0 3 3 0 0
Phase 6 | Clean up/documentation (minutes) 5 0 0 30 0
Phase 7 | Transportation home (minutes) 0 0 37 0 0

Total mins/actor 70 10 149 149 102

Cost/min $1.12 $0.51 $0.57 $1.12 $0.57

Actor cost/session $78.71 $5.05 $84.52 | $167.54 | 57.86

Technical difficulties time 0 3.7 mins

Cost $0.00 $6.23
Total cost/session $168.29 $231.64
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