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Abstract This study evaluated the cost of public
telediagnostic service in ophthalmology. The ti-
me-driven activity-based costing method (TDA-
BC) was adopted to examine the cost compo-
nents related to teleophthalmology. This method
allowed us to establish the standard unit cost of
telediagnosis, given the installed capacity and
utilization of professionals. We considered data
from one year of telediagnoses and evaluated the
cost per telediagnosis change throughout techno-
logy adaptation in the system. The standard cost
calculated by distance ophthalmic diagnosis was
approximately R$ 119, considering the issuance of
1,080 monthly ophthalmic telediagnostic reports.
We identified an imbalance between activities,
which suggests the TDABC method’s ability to
guide management actions and improve resource
allocation. The actual unit cost fell from R$ 783
to R$ 283 over one year — with room to approa-
ch the estimated standard cost. Partial economic
evaluations contribute significantly to support the
incorporation of new technologies. The TDABC
method deserves prominence, as it enables us to
retrieve more accurate information on the cost of
technology, improving the scalability and mana-
gement capacity of the healthcare system.

Key words Health Technology Assessment, Tele-
medicine, Teleophthalmology
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Introduction

Telemedicine can be defined as the use of infor-
mation and communication technologies in heal-
thcare, enabling the provision of services related
to improving patient access to care'. The emer-
gence of new technological capacities and their
integration in health care delivery systems pro-
vides us with opportunities to improve clinical
care, especially in cases where distance is a critical
factor’?. In a reality in which health systems are
under pressure to reduce costs and, at the same
time, improve the quality, access, and equity of
the service®, one must explore tools that prove to
be an alternative to this changing scenario.

Growing concerns about sustainability and
the expected scarcity of resources arouse interest
in exploring the potential of telemedicine to deal
with many challenges faced by primary health
care (PHC)*. Among the values associated with
the adoption of telemedicine services in PHC are
collaboration, with the swift access of patients to
high-complexity centers’, higher resolution at the
baseline level and a reduced number of referrals
to other municipalities for specialized care®, besi-
des being an ally for monitoring and controlling
the quality of patient care delivery’.

Most telemedicine services that focus on
diagnosis and clinical management are already
routinely supplied in more developed countries.
In this context, recent publications treat these ser-
vices as effective in the management of patients
with chronic diseases?, such as, for example, ECG
reports’, screening for diabetic retinopathy'®!!
and glaucoma'?, patient guidance through mobi-
le apps' and cardiac rehabilitation'.

Brazil is a country with unique opportunities
for the development and applications of teleme-
dicine, given its geographical distribution and
inability to meet the demand for face-to-face
care?'>', Data from the management system of
specialized outpatient appointments provided
by the State Health Secretariat of Rio Grande do
Sul reveal that, at the end of 2016, the number of
people waiting for a specialized ophthalmology
visit in the capital was about 10 times higher than
the monthly offer of visits, translating into a ma-
ximum 19-month waiting period". Telemedicine
technologies can be a significant advance in the
provision of health care in this context and can
play a strategic role in the consolidation of He-
alth Care Networks and improved health of the
population®®.

Existing economic assessments of the subject
are still recent and do not allow an assertive con-

clusion about the economic feasibility of the im-
plementation in the Brazilian Health System®. It
is known that the scientific and financial invest-
ments required to introduce these technologies
into the system are high®, enhancing the impor-
tance of conducting accurate economic analyses
to guide decisions regarding the implementation
of telemedicine services'®?.

Understanding cost information is challen-
ging in the assessment of technologies in the Bra-
zilian public sector, and, while counterintuitive,
the practice of measuring costs is not adequately
disseminated among health centers?'. One reason
is the use of different costing methods, the lack
of definition of standards, and a computerized
cost system in public institutions, which hinders
comparability between different health services®.
The lack of a detailed understanding of the ac-
tual cost of providing care to the patient is com-
monly the central problem of scalability in he-
alth expenditures®. In this sense, micro-costing
estimates are the gold standard for cost valuation
as they provide a high degree of detail, especially
for more complex services or where human re-
sources are of higher weight?, as is the case with
telemedicine services.

Some micro-costing methods used in the he-
alth area since the 1980s are the absorption cos-
ting method and Activity-Based Costing (ABC),
whose primary assumption is to correct some
deficiencies in traditional methods, such as pro-
portional apportionments®. However, the imple-
mentation of the traditional ABC model is chal-
lenging for many organizations due to the high
implementation costs in interviewing people for
the initial ABC method survey?*.

To overcome these limitations, Kaplan and
Anderson developed the Time-Driven Activity
-Based Costing (TDABC) method?*. The TDABC
aims to measure the cost of services from their
actual consumption of resources. Since its initial
proposal in 2007, it has been used in several he-
alth studies?**”?. This method allows identifying
individual taxpayers and accounting for the in-
direct costs necessary to support patient care®.
The fundamental principle of this method is that
it transforms the cost drivers into equations of
time that represent the time required to perform
a given activity. Another advantage of using
this method when it comes to implementing te-
chnologies is that it allows the identification of
the standard cost, that is, the cost at the unit level
of the service within the anticipated efficiency
conditions, also acting as a metric for comparing
productivity®'.



This study aims to assess the cost of a tele-
medicine service (TelessaideRS-UFRGS) using
the scope of telediagnosis in ophthalmology and,
specifically, to assess the cost of learning related
to the implementation of the service in PHC.

Methods

As it is a partial economic evaluation, providing
information on cost without referring to effec-
tiveness or comparison between alternatives, the
organization of the study description was made
following the conformities recommended by the
Consolidated Health Economic Evaluation Re-
porting Standards (CHEERS)?.

The study followed the eight-step structure
suggested by Etges et al.2 to implement costing
based on activities in health services: (i) selecting
the technology to be evaluated; (ii) mapping the
telemedicine service process; (iii) identifying the
primary resources used throughout the process;
(iv) estimating total cost of each group of resour-
ces; (v) estimating the capacity of each resource
and calculate the unit capacity cost rate (UCR —
R$/h); (vi) analyzing time estimates for each re-
source used in an activity; (vii) calculating the to-
tal cost of patient care; (viii) analyzing cost data.

Selection of the technology to be evaluated

The Telehealth Center of the Federal Univer-
sity of Rio Grande do Sul (TelessaideRS-UFRGS)
was selected as the telemedicine’s study object’>¢,
because combating eye diseases is a priority for
the World Health Organization (WHO)* and
because it demands greater interest among ma-
nagers in knowing the real cost of the procedure.
TeleOftalmo is a telemedicine research and servi-
ce offering project that has been underway since
July 2017 in the state of Rio Grande do Sul (RS),
Brazil, which receives primary funding from
the Ministry of Health, through the Program to
Support the Institutional Development of the
Unified Health System (PROADI-SUS). It has a
command center at the headquarters of Telessat-
deRS-UFRGS and eight remote test rooms dis-
tributed in the state of Rio Grande do Sul State.
Doctors working in PHC can request the service
from their patients. The ophthalmologist issues a
telediagnostic report to the requesting physician
after evaluating the patient in the remote test
room. The latter will then conduct the patient’s
case with the help of the information received in
the report.

The study horizon used the project data from
September 2017, which allowed us to conduct the
analysis throughout its implementation and ob-
serve the impact of the learning factor on cost. The
teleophthalmology command center, where oph-
thalmologists work, and two remote test rooms in
the municipalities of Porto Alegre and Santa Rosa
were evaluated. The two rooms studied were the
first implemented, and were the only ones in ope-
ration at the time of the beginning of this study.

Measuring the actual costs of health techno-
logies is a crucial step to identify their efficiency
and subsequent guidance for decision-making*.
Thus, the analysis was carried out from the pers-
pective of the health system.

Mapping the teleophthalmology service
process

The care delivery mapping details the pa-
tient’s path within the service offered, in which
a starting and ending point must be defined for
each patient. The main activities that are part of
the treatment flow and the routine activities of
the patient are identified, illustrating the current
state of a complex system?*. This division is es-
sential for the subsequent development of cost
and resource allocation equations.

This stage involved interviews with the co-
ordinator and the ophthalmologist plus obser-
vations from the service in operation. The map
was presented to the professionals involved in the
teleophthalmology service for validation. Four
macro activities were defined to support the cost
evaluation: regulation of the request, telephone
contact for scheduling, evaluation of the ophthal-
mologist, and collection of tests (telediagnosis).

Identification of the primary resources used
throughout the process

The resources necessary for its performance
were listed for each activity from the details of
the teleophthalmology service operation process.
The resources were classified as the structure of
the remote test room and structure of the teleo-
phthalmology command center, and these con-
sisted of fixed costs and a class of professionals
(students, doctors, and nursing technicians).

Estimated total cost for each resource group
All cost items associated with each resource

group must be estimated by the financial depart-
ment of the TelessaideRS-UFRGS project.
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The physical structure resource of the teleo-
phthalmology command center was valued ba-
sed on the structuring of the distribution of the
fixed costs of the TelessatideRS-UFRGS project,
which besides the teleophthalmology service
has three other telediagnostic services, as well as
teleconsulting and regulation. Besides the ser-
vices, the project is also equipped with support
and management departments. To distribute to
fixed accounts student compensation, energy sa-
laries, depreciation, rent, and maintenance, we
considered, at first, the number of professionals
of any class allocated to each department as an
apportionment criterion. Subsequently, the costs
attributed to the support and management de-
partments were distributed to the departments
that carry out some telediagnosis, teleconsulting,
or regulation services considering the composi-
tion of the workload attributed to each service
department as a cost driver. The sum of the di-
rect cost attributed to the command center with
that absorbed by the support and management
departments represents the cost of the teleoph-
thalmology center structure.

The remote test room structure resource was
calculated from the survey of materials, profes-
sionals, and the cost of the physical structure
of the state health secretariat, where the service
takes place in each of the municipalities analyzed.

Estimating the capacity of each resource
and calculating the unit capacity cost rate
(UCR-R$/h)

The capacities were calculated as per the avai-
lability of the workload of professionals who car-
ry out the activities and consume the resources
of professionals and the structure, as they all de-
mand human interaction. The macro activities of
regulation and telephone contact are carried out
by students in the structure of the telediagnosis
center; ophthalmologists evaluate the command
center, and the nursing technician collects tests in
the remote test room.

Subsequently, the remuneration values for
the students involved, salaries of salaried profes-
sionals, and other bills paid monthly were collec-
ted from the financial controller of Telessaude,
which were organized considering the classifica-
tion made previously concerning the work activi-
ties of the professionals.

With the information on capacity and the
monthly cost of the resources involved, the time
unit contribution rates (UCR) were calculated in
R$/h for each activity. Applying equation’, the

UCR of each activity was calculated, in which the
denominator considers the costs of professionals
and the structure consumed by each activity and
the capacity and workload of professionals who
perform each activity.

UCR = (Fixed cost of personnel)

(Professionals hourly capacity)

Analysis of time estimates for each resource
used in an activity

The times required for each activity were
estimated from observation and collection of
times and movements. These studies can resort
to on-site observations plus review by an expert
to analyze the real-time during which different
resources are devoted to each activity?®.

To this end, the production volume of each
activity per hour was observed over two weeks
during the working hours of TeleOftalmo and in
alternating shifts, converging to an average of the
unit time required for an activity unit.

Calculation of the total cost of patient care

The cost and time equations were structu-
red, and the cost per service was calculated. The
individual costs were estimated at standard tar-
get cost and the actual cost over the months of
service operation. Concerning the calculation of
the cost per standard service target, a modeling
of the service volumes that should be carried out
per month in each macro activity was made, ba-
sed on the available hourly capacity. To get closer
to the installed capacity of the service reality, we
considered that a portion of 20% of the capacity
of each activity is destined for other activities or
expected idleness. The 20% share was defined in
conjunction with the coordination of the servi-
ce, which understands that this fraction of time
should be dedicated to research activities by pro-
fessionals. The actual costs were calculated consi-
dering the actual volume of attendance per acti-
vity performed over a year of follow-up.

Cost data analysis

With the actual and standard costs evaluated,
an assessment was made of the capacity balan-
ce between activities, identifying opportunities
for better distribution of professionals, and the
consequent reduction in unit costs. Finally, the
impact of the service in the state in which it is
inserted was discussed, comparing the volume



of attendances made by the teleophthalmology
service with the demand for visits in the regions
where the service is in operation. This analysis
allows us to measure the effects of the scale of
use on the costs of this technology, given the high
fixed costs necessary to introduce the strategy in
the system.

Values are expressed in Brazilian currency
(Real — R$), and data from one year of service
was monitored from September 2017 to Septem-
ber 2018, expressed as unadjusted values collec-
ted per month. For reference purposes, the mean
price of international dollars by the Purchasing
Power Parity rate in 2017 was 2.013%.

Results
Mapping the process

The process was mapped from interviews
with coordinators and implementers of the “Te-
leOftalmo Project — Olhar Gaucho”, which sou-
ght to understand the flow of activities perfor-
med, professionals and location involved, and the
need to use specific resources. Figure 1 illustrates
the mapped activities.

Structuring financial cost data by resources

When conducting the cost distribution, the
teleophthalmology command center consolida-
ted a total monthly cost of R$85,000, of which
R$10,570 (12%) were for students, R$43,980
(52%) for salaried professionals, R$3,900 (5%)
other fixed costs, and R$26,550 (31%) were ab-
sorbed from the support and management areas
of the TelessatiddeRS-UFRGS center. This result
is essential for the calculation of the unit cost
rates that will be used in the time measurement
equations of a telediagnosis cost. The remote
test room cost was consolidated at R$20,600 per
month.

Then, the monthly hourly capacity of the
professionals who perform each activity was col-
lected to calculate the UCRs. Table 1 describes
the costing results for the stages of the teleoph-
thalmology service flow.

Calculation of the cost of telediagnosis
and analysis of service balancing

The identified times are shown in Table 2, whi-
ch, together with the UCRs adjusted to R$/min,
allow us to measure the estimated standard cost.

Table 2 indicates that the cost value that
should be considered for telediagnosis is R$119.
We identified that the system must operate 6,720
regulations, 1,824 calls, 1,080 assessments, and
422 telediagnoses per month in each of the of-
fices, observing the existing capacity levels, to
achieve this value and considering the capacity of
professionals.

No month has recorded this level of produc-
tion during the year of operation of the service.
Figures 2, 3, and 4 show the professional produc-
tion ratio and installed capacity not used by them
over the months and the trend of the unit cost of
each activity.

The analysis of one year of service stratified
by activity allows identifying that the activity
with the most significant imbalance and idle ca-
pacity is exercised by the scholars and represents,
on average, 3% of the total cost. Medical pro-
fessionals show an activity that gathers 57% of
the costs and, although they are approaching the
target cost over time, they still have the oppor-
tunity to issue more reports. Technical nursing
professionals are the ones closest to operating at
the maximum level of available capacity. These
results suggest that there is an imbalance betwe-
en the capacities of each activity, for example,
the ability to collect tests should coincide with
the ability to issue reports, and we were able to
measure through this method that this does not
occur in the sizing of the service.

The four activities were then consolidated
into an individual cost of the teleophthalmology
service to evaluate the unit component, and the
following behavior of variation of unit costs over
time was found (Figure 5). Over a year, the unit
cost had a maximum amplitude in the period of
R$611, mostly with a trend of nearing the fixed
target standard cost.

Discussion

The applied method allowed detailing the costs
associated with the adoption of a telemedicine
service technology and to review the effective-
ness of its implementation process. The standard
measured cost for telediagnosis was R$119. A de-
creasing trend in the telediagnosis unit cost was
observed during the evaluation period, which
went from R$783 to R$283.30, characterizing the
learning curve for the implementation of new te-
chnologies.

It is estimated that waiting for an appoint-
ment to receive a prescription for corrective len-
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Figure 1. Mapping of the teleophthalmology process within the primary care system.
SES/RS = State Health Secretariat of Rio Grande do Sul; UBS = Basic Health Unit.

ses is more than one year in southern Brazil.
The lack of rational criteria in the ophthalmo-
logical appointment scheduling protocol, which
causes an excessive delay in providing medical
services, has the most severe consequence of irre-
parable loss of vision, in cases of glaucoma, dia-

betic retinopathy, among other pathologies. For
another significant portion of patients diagnosed
with cataracts and refraction, the delay will re-
sult in years of substantial loss of quality of life
due to reduced visual acuity®®*’. The advent of
telemedicine has the potential to qualify health



Table 1. Costs of activities related to Teleophthalmological care.

Capacidade  Custo  TCU padrao

Departamento Atividade Profissao Padrio (h) (RS) (R$/h)
Teleophthalmology Regulation of request Scholars 112 5,490 49
command center Telephone contact with the  Scholars 228 10,980 48

patient
Ophthalmologist's evaluation Doctors 180 68,538 381
Remote test room Test collection Nursing 422 20,606 49
Technician

Table 2. Standard cost of one telediagnosis.
Unit  Standard

Activity ime UCR o
(min)  (Re/h) "™

Regulation of 1 0.82  R$0.80
request
Telephone contact 7.5 0.8 R$ 6
for scheduling
Ophthalmologist's 10 6.35 R$ 63
evaluation
Test collection 60 0,8 R$ 49
Goal standard 78.5 - R$ 119
(total)

UCR = Unit Cost Rate.

and improve access. A better resolution in pri-
mary care can reduce referrals to secondary and
tertiary care services”*.

The cost behavior found in this study can
be understood as the effect of learning on servi-
ce provision. The maturity that can be acquired
during the service’s learning period contributes
to a better alignment of availability of professio-
nals by activity, making the service more balan-
ced. The balance of the service allows guiding the
restructuring of the hourly availability of health
professionals who perform the service, allowing a
reduction in expenses by telediagnosis and better
use of each allocated resource*'*.

Economic assessments, starting with accurate
cost measurement, are great allies to guide poli-
cymakers and funders to determine whether the
evidence supports a broader adoption of mobile
health interventions and to understand the ideal
conditions under which they should be imple-
mented**. Technology must be continuously
analyzed and improved so that its adoption oc-
curs in a sustainable, transparent manner, and
that favors its consolidation in the Brazilian pu-
blic health system® to be subjected to evaluation.
In this study, the evaluation included observation

of the behavior curve of the implementation of
the provision of such a service. Therefore, the
need for compatibility and data integration be-
comes clear, thus allowing a continuous process
of learning and improving information about the
use of the health service.

The search for papers in the literature shows
that the number of studies aimed at evaluating the
cost of telemedicine services has increased in the
last decade. The origin of costs is mostly secon-
dary, originating from national tables, estimated
prices, and averages. There was no detailed calcu-
lation of the amount invested for the installation
or continuity of the telemedicine program. In the
area of teleophthalmology, it was not uncommon
for the authors to claim that gauging and detailing
costs is necessary to attribute the indirect benefit
of telemedicine in the health system'®'"**. Howe-
ver, only two of them made use of micro-costing
methods in the variable of costs, both specific for
screening for diabetic retinopathy. In the Brazilian
scenario®, studies on the implementation and
cost-effectiveness of telemedicine in the field of
cardiology have already been carried out, and like-
wise consider implementation costs separate from
the others, given the period of adaptation of the
technology and personnel involved. However, due
to differences in methods, time of publication,
and data collection, comparisons between results
are limited and should be made with caution.

Among the limitations, we can mention the
failure to carry out a complete economic evalua-
tion, considering that insufficient outcome me-
trics were not included in the study to carry out
a cost-effectiveness or cost-utility evaluation. It is
also noteworthy that the use of these results for
purposes of comparison with other States and
services must consider that labour costs of Te-
lehealth service is composed of scholarships and
employment relations and, thus, can operate at a
lower cost through telediagnosis.

This result is relevant for planning the provi-
sion of health services in the country, as it shows
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Figure 4. Relationship between nursing technicians’ production and unused capacity for test collection activities
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that the implementation of teleophthalmology
systems is feasible and has excellent potential to
qualify the eye care waiting list in PHC. With sca-
le gain, telemedicine will be essential to overcome
the bottleneck of the waiting lists for highly com-
plex procedures because it allows the risk classifi-
cation, thus qualifying access to the specialty and
the user’s care?.

Conclusions

This study is unprecedented in Brazil when
evaluating the real costs of a telemedicine service,
and it is believed that the multiplication of par-
tial economic evaluation studies of these services
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is essential to support incorporation decisions.
The use of TDABC is noteworthy to facilitate this
and scalability, as it allows to obtain more accu-
rate information on technology cost, improving
the management capacity of the health organiza-
tion. The case studied allowed us to identify how
the implementation of new technology in the
health system needs time to mature to measure
the standard cost to be used to guide the decision
on incorporating the technology. Applying me-
thodologies that better enable the measurement
and analysis of financial information becomes
essential for strategic health management and
subsequent guidance for decision-making. Futu-
re cost-effectiveness studies will be carried out as
a continuation of this economic assessment.
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