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Abstract

Background: In recent years, the rapid development of information and communications technology enabled by innovations
in videoconferencing solutions and the emergence of connected medical devices has contributed to expanding the scope of
application and expediting the development of telemedicine.

Objective: This study evaluates the use of teleconsultations (TCs) for specialist consultations at hospitals in terms of costs,
resource consumption, and patient travel time. The key feature of our evaluation framework is the combination of an economic
evaluation through a cost analysis and a performance evaluation through a discrete-event simulation (DES) approach.

Methods: Three data sets were used to obtain detailed information on the characteristics of patients, characteristics of patients
residential locations, and usage of telehealth stations. A total of 532 patients who received at least one TC and 18,559 patients
who received solely physical consultations (CSs) were included in the initial sample. The TC patients were recruited during a
7-month period (ie, 2020 data) versus 19 months for the CS patients (ie, 2019 and 2020 data). A propensity score matching
procedure was applied in the economic evaluation. To identify the best scenarios for reaping the full benefits of TCs, various
scenarios depicting different population types and deployment strategies were explored in the DES model. Associated bresk-even
levels were calculated.

Results. The results of the cost evaluation reveal a higher cost for the TC group, mainly induced by higher volumes of
(tele)consultations per patient and the substantial initial investment required for TC equipment. On average, the total cost per
patient over 298 days of follow-up was €356.37 (US $392) per TC patient and €305.18 (US $336) per CS patient. However, the
incremental cost of TCswas not statistically significant: €356.37 —€305.18 = €51.19 or US $392 — US $336 = US $56 (95% ClI
—35.99 to 114.25; P=.18). Sensitivity analysis suggested heterogeneous economic profitability levels within subpopulations and
based on the intensity of use of TC solutions. In fact, the DES model results show that TCs could be a cost-saving strategy in
some cases, depending on population characteristics, the amorti zation speed of tel ehealth equipment, and thelocations of telehealth
stations.

Conclusions: The use of TCs has the potential to lead to a mgjor organizational change in the health care system in the near
future. Nevertheless, TC performance is strongly related to the context and deployment strategy involved.
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Introduction

In recent years, the rapid development of information and
communicationstechnology (ICT) has contributed to expanding
the scope of application and expediting the development of
telemedicine [1]. Initially, telemedicine was mainly devel oped
to tackle medical desertification in remote areas and as a useful
tool in the context of natural and human-made disasters [2-4].
The primary objective of telemedicine wasto enhance patients
access to care by offering the opportunity for patients located
in remote areas to gain fast and distant access to medical
expertise through the use of ICT [3]. More recently, the
COVID-19 crisis has been a turning point in the devel opment
of telemedicine and hasdrastically accelerated its adoption. The
use of telemedicine has soared, with 486,369 teleconsultations
(TCs) performed in France during thelast week of March 2020,
against an average of 10,000 TCs per week before the
COVID-19 crisis[5].

Telemedicineisageneric term gathering several heterogeneous
subcategories, such as TC, telemonitoring, teleassistance, and
tele-expertise [6]. Focusing on TCs, one can further distinguish
between video TC and TC using a telehealth station [7]. The
former referstoaTC involving apatient and adistant physician
using avideoconferencing solution. Videoconferencing solutions
dedicated to TCs are software programs that include various
types of services. Thelatter refersto a TC involving, on the one
hand, a patient accompanied by a medical professional and, on
the other hand, adistant physician. A telehealth stationisapiece
of hardware that includes a videoconferencing solution and a
variety of connected medical devices (eg, a stethoscope, a
handheld camera, an ultrasound scanner, an electrocardiogram).
The connected medical devices are handled by the medical
professional who is accompanying the patient, and they allow
real-time transmission of data to the distant physician for
interpretation. In France, many telehealth stations have been
installed in nursing homes or in drug stores. This process has
been facilitated by rider 6 to the French agreement for nurses,
which recognized accompaniment by nurses as a medical act
with an associated fee per TC [8]. Similarly, rider 15 to the
French convention of pharmacists sets a flat-rate remuneration
based on the annual volume of TCs completed [9].

In the scientific literature, the use of TCs has been intensively
studied from a variety of perspectives and in a variety of
contexts. Many studies have questioned the relative quality of
care of a TC compared with a physical consultation (CS) by
conducting randomized controlled trials. A few of these studies
have used generic health measures such as quality-adjusted life
years[10,11]. Nevertheless, TCswere found to have no impact
on such long-term patient outcomes. To increase the likelihood
of detecting small changesin quality of care, other studies have
relied on various disease-specific measures (eg, diagnostic
accuracy, reduction in wound size, blood glucoselevel) [11-13].
Overall, these studies have tended to demonstrate that the use
of TCsisasafealternativeto CSs, providing anoninferior level
of quality in a variety of contexts. The question of quality of
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care has aso been investigated from the patient perspective
through  questionnaires concerning  satisfaction  and
patient-reported outcomes. A recent randomized controlled trial
on orthopedic consultations based on the 3-level version of the
EuroQol 5-dimensional system (EQ-5D-3L) found no difference
in perceived quality of care[14]. Regarding patient satisfaction
with TCs, several surveys have been conducted (ie, both disease
specific or nondisease specific), indicating a high level of
satisfaction [15-17].

Many economic eval uations have also been conducted through
cost analysis or cost-effectiveness analysis. Five reviews of the
existing literature on economic evaluations addressing studies
prior to 2010 failed to reach any reliable conclusion, arguing
that economic evaluations of telemedicine were less adherent
to methodol ogical standardsthan evaluationsin other fields (eg,
featuring alack of information on the costing methodol ogy, the
perspective of the evaluation, and sensitivity analysis) [6,18-21].
In a recent literature review focusing on telemonitoring, the
French Authority for Health observed a substantial increase in
the methodological quality of evaluations compared with a
previous review conducted by the Authority in 2013 [6,22].
Morerecently, 2 literature reviews addressed studies published
during the period 2014-2020. One of these was a scoping review
that included 50 economic evaluations of telemedicine [23],
which was found to result in cost savings of 53%, 50%, and
32% in cost-minimization, cost-effectiveness, and cost-utility
analyses, respectively. These analyses tended to identify
increased productivity through areduction in consultation time;
however, such a reduction might be offset by the associated
increase in administrative overhead. Furthermore, a reduction
in resource consumption is unlikely to result in cost savings
under an activity-based payment scheme. The scoping review
substantiated several scenarios in which telemedicine could
lead to cost savings, such aswhen medical patient transportation
could be avoided. The other literature review was an umbrella
review that included 18 systematic reviews on costs or
cost-effectiveness analysis [24]. Among the 18 systematic
reviewsincluded, 7 concluded that telemedicine was cost saving,
4 concluded that telemedicine was more expensive, and the
remaining 7 reviews were unable to reach a conclusion due to
heterogeneity in the outcome measures and the poor quality of
the cost data. Overall, the heterogeneity in the conclusions
among the studies included in these 2 literature reviews may
partially be explained by the variety of diseases and contexts
in which telemedicine was evaluated. Moreover, the multitude
of diseases investigated independently in a disease-specific
setting prevented many studies from considering the
amortization of telemedi cine equipment astherate of equipment
utilization for other diseases was unknown.

Inthis context, the aim of this study istwofold. First, this study
intends to provide an economic evaluation of the use of TCs
for specialist consultation at hospitals through a cost analysis.
Second, we conduct a performance evaluation based on a
discrete-event s mulation (DES) with key performanceindicators
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(KPIs) such as costs, travel time, and resource time
consumption.

Infact, several studieshave employed simulation and modeling
techniques to assess the performance and facilitate the
deployment of telemedicinein avariety of contexts. Modeling
techniques such as Petri nets have been used to describe health
care systems formally with the purpose of performance
evaluation. A generic modeling approach to alarm management
workflowsin health care was proposed by Fanti et al [25] using
UML (uniform modeling language) for communication and
colored timed Petri nets for simulation. The framework was
shown to have high potential capability for describing largeand
complex health care systems. Dotoli et al [26] proposed a
continuous Petri net framework to describe the structure and
dynamics of an emergency cardiology department. In the same
paper, the model allowed for the generation of an optimization
problem and a simulation model. Dotoli et al [27] also used
UML activity diagrams and Petri nets to improve the
management of hospital departments, and proposed a case study
on apulmonary department. The authors claimed that their base
model could be used to design and size any hospital department.
Hamanaet al [28] used Petri netsto model patient care pathways
along with information flows. The authors proposed a
performance eval uation approach through Petri net simulation,
taking into account degraded modes related to information
communication problems.

Regarding simulation, such an approach was used to facilitate
the deployment of a telemedicine program in Mexico that
consisted of amobile unit aimed at providing TCswith adistant
expert to people in extreme poverty or remote locations [29].
Based on a DES, the authors built a flexible model to calibrate
the resources (eg, physicians, mobile units, satellite coverage)
to increase the program’s utilization rate. Similarly, Qiao et a
[30] proposed a DES model to calibrate the resources (eg, TC
rooms at hospitals and physicians) to minimize patient waiting
times. Considering empirical TC flows from the Henan
Telemedicine Center of China, they proposed an optimal sizing
of theresourcesfor that hospital. From atheoretical perspective,
another study explored the optimal allocation of resources (eg,
TC rooms, experts) that would minimize waiting times in the
provision of TCs[31]. Based on queuing theory, the findings
of the study indicated that the combination of the number of
experts and TC rooms does indeed have a decisive impact on
the queue length and that theimpact of TC roomsismuch larger.
In adifferent context, a study investigated the use of TCsasa
way for specialists to review patient referrals to remove
inappropriate patientsfrom specialist queues[32]. UsingaDES
approach and datafrom arheumatol ogy clinic, the authorsfound
that without TCs, lead timeswere very long, and the use of TCs
as atriage tool was found to be very effective in increasing the
performance of the system. Based on a French experiment on
telemedicine in geriatrics launched in 2006, a study employed
a system dynamics approach through a parametric
scenario—based model to compare the performance of asystem
without telemedicine with 3 alternative scenarios involving the
use of telemedicine (eg, TCsonly, tele-expertise only, and both
TCsand tele-expertise) [33]. Assuming that quality of carewith
telemedicine and quality of care without telemedicine are
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comparable, they considered KPIssuch astotal health care costs,
carbon dioxide equivalent emitted, and total medical time
available. Their findings favored the tele-expertise scenario for
increasing the total medical time available, while the scenario
combining tele-expertise and TCstended to be superior interms
of total costs and environmental aspects.

The uniqueness of our study liesin part in the combination of
an economic evaluation of TCs through a cost evaluation and
a performance evaluation that uses a DES approach. The cost
analysis seeksto determinewhether theway inwhich TCswere
deployed at a much larger scale during the early stages of the
COVID-19 pandemic (ie, early 2020) was a cost-saving strategy,
and the DES approach expl oresthe performance associated with
several aternative scenarios for future deployment. The DES
approach also substantiates the importance of resources other
than cost in the evaluation, such as medical time and
administrative time. Our evaluation framework is not disease
specific and, instead, considers any eligible specialty. Our study
thus contributes to the literature on economic evaluations by
investigating in more detail theissue of telemedicine equipment
amortization by taking into account all specialties that might
benefit from investments in this equipment. Moreover, we
compare patients care pathways over a 298-day period of
follow-up in the economic evaluation, which allows usto shed
light on changes in the demand for (tele)consultations.
Furthermore, to the best of our knowledge, our study isthefirst
to distinguish between TCs using avideoconferencing solution
and TCs using a telehealth station. This distinction allows us
to investigate various scenarios for the future deployment of
TCs based on the relative intensity of use of CSs, video TCs,
and TCsusing atelehealth station within the eligible population.
However, we are able to make this distinction only in the DES
approach; in the economic evaluation, video TCsand TCsusing
atelehealth station are merged into asingle group asit was not
possible to obtain the relevant information at the individual
level in the data. Our approach substantially differs from that
of studiesinvestigating the best allocation of resources given a
flow of TCs because we evaluate the performance associated
with various levels of intensity of TC use (ie, which lead to
different TC flows) given a population.

Methods

Positioning of the Problem

In this paper, we propose a generic model of TC use, taking
into account 3 aternatives: (1) classical CSs (pathway 1), (2)
TCs using a videoconferencing solution (pathway 2), and (3)
TCsusing atelehealth station (pathway 3). To formally define
the corresponding patient pathways, we propose a Petri net
model illustrated in Figure 1. Pathways 1, 2, and 3 are
represented using a different color: blue, green, and yellow,
respectively.

Source transition ty models the arrival of consultation requests
in the system. Place p, model s the choice between classical CSs
(the patient is not eligible for a TC, transition t;), TCsusing a
videoconferencing solution (transition t';), and TCs using a

JMed Internet Res 2022 | vol. 24 | iss. 5| €32002 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

telehealth station (transition t";). Places Pyociors Padmin stafts
Pambulances @A Prurse MOdel the resources taken into account.

In pathway 1, transition t, models the activation of 2 parallel
activities related to the consultation itself (pathway p,-tg) and
administrative work (pathway ps-tg). The patient goesto the CS
using his’her persona vehicle (transitions t; and t;) or an
ambulance (transitions t; and tg). Transition t, models the CS
with adoctor. The patient then exits the system (sink transition
tg). Finally, transition tg models administrative tasks executed
in the background.

Huguet et al

In pathway 2, transition t'; models the activation of 2 parallel
activities related to the consultation itself (p'4-t';) and
administrative work (p's-t'yo). The video TC is performed with
adoctor (transition t',). Then, the patient may need a classical
CS and be redirected to place p, in pathway 1. Otherwise, the
patient exitsthe system (sink transitiont';). If the patient is new
(pathway p'5-t'5), the administrative tasks and consultation are
longer than the pathway (t'g-t';0).

Figure 1. Petri net of patient pathways. CS: physical consultation; TC: teleconsultation.

Patient eligibility check l

and CS type choice

Pathway 1: I
Classical CS

Resources

Pdoctor

padminf:tah‘ E

Pathway 2: TCs usihg a uldeo
conferencingsolution

Administrative tasks for a
patientalreadyin the system

Administrative tasks for a
new patient

[ Transportation ‘ Open SEQ

Administrative tasks for a T
patientalreadyin the system

Pathway 3: TCs using
a telehealth station

“| Administrative tasks for a

new patient

In pathway 3, transition t"; models the activation of 2 parallel
activitiesrelated to the consultation itself (pathway p”,-t”;) and
administrative work (pathway p",-t"43). If thenurseissick (place
p",), the patient is redirected to a classical CS. Otherwise, the
patient goes to the equipment location using a personal vehicle
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(transitionst”, and t"g) or an ambulance (transitionst”g andt”g).
Then, the nurse sets up the equipment and opens the session
(transition t”5), the doctor performs the consultation (transition
t",), and the nurse closesthe session (transitiont”"s). The patient
then exits the system (sink transition t";). Finaly, depending
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on whether the patient is new (t";o-t"44) or not (t";»-t";3),
administrative tasks with different durations are performed.

Based on thisformal model, the problem addressed in this paper
consists of proposing control policiesto optimize the operations
of the global system. Such control policies are strongly
connected to decision py, that is, how to assign a pathway to a
patient taking into account his/her characteristics. Traveling
durations and the amount of available resources (doctors,
administrative staff, ambulances, and nurses) are also taken into
account. The proposed model followed the recommendation of
the French Authority for Health to capture organizational
changes induced by health technologies, for example, by
considering changesin processes (eg, the appointment process,
consultation process) induced by the use of TCs[34].

Data

In this study, we used 3 data setsto obtain detailed information
on the characteristics of patients, the characteristics of patients
residential locations, and the usage of telehealth stations. First,
weidentified al patients who had at least one CS or TC with a
specidlist at the Clinique Mutualiste de Saint-Etienne private
hospital from January 2019 to September 2020. This clinic
specializes in surgeries related to fields such as urology,
orthopedics, digestive medicine, gynecology, and treatment of
obesity, with 15% of its practice dedicated to cancer. Theclinic
also has a geriatric department and a dementia center. From
January 2019 to March 2020 (the beginning of the COVID-19
pandemic in France), telemedicine was not part of Clinique
Mutualiste medical practice. As the pandemic increased in
severity, al French hospitalswereforced to limit care to patients
with COVID-19 or urgent illness. Therefore, all surgical
interventions and carefor low emergency caseswere postponed.
To stay in touch with patients and to ensure psychological
follow-up, especialy if the patients had cancer, obesity
problems, or dementia or needed anesthetic advice before a
surgery that cannot be postponed, Clinique Mutuaiste
established atelemedicine program. This program consisted of
2 telemedicine cabins with competent nurses outside the clinic
for patients who needed atotal examination and specia visual
software that could be downloaded by patients on their phone
or computer. All practitionersworking in all medical speciaties
were taken into account. Other telehealth stations were also
introduced in 10 nursing homes around the clinic within the
Loire department.

Theinclusion criteriawere having at |east one (tel€)consultation
during the period of follow-up and that the (tele)consultations
were performed before or after a hospital stay. The link with a
hospital stay is required to obtain information on patient
characteristicsfrom patient records. Werelied on afixed period
of follow-up to have the same chance of observing a
(tele)consultation for each patient. To maximize the number of
TCsincluded in the sample, we retained the period of follow-up
of 165 days before hospitalization and 133 days after
hospitalization (see Multimedia Appendix 1 for more details).
For each patient, the information recorded included the
residential location of the patient, his’her age, gender, ICD-10
(International Statistical Classification of Disease and Related
Health Problems, tenth revision) diagnostic codes (see
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Multimedia Appendix 2 for more details), care unit (eg,
ambulatory, gynecology, urology, neurology), and date of
discharge aswell asthe date of each (tele)consultation. We also
computed the travel distance and travel time by car between
patients' residential municipalities and the private hospital.

Second, we included aggregate information about patients
residential locationsfrom open access data sets managed by the
National Institute of Satistics and Economic Studies (INSEE).
We obtained information about the municipalities, such as the
population density and median standard of living (in euros)
within each municipality in mainland France.

Finally, we included data on the usage of telehealth stationsin
the department of Loire from an application programming
interface (API) provided by HOPI Medical. The information
recorded included the date of each TC performed using a
telehealth station and the TC time (minutes).

Ethics Approval

This study was conducted in accordance with the ethical
principles for medical research involving human subjects
developed in the Declaration of Helsinki by the World Medical
Association (WMA). The study received approval in France
from the National Ethics Committee (CESREES N°2809078
bis, CNIL N°921041).

Economic Evaluation (Cost Analysis)

Wefirst conducted a cost analysis of the use of TCsversus CSs
over 298 days of follow-up (see Multimedia Appendix 1). The
analysis was conducted from a health care system perspective.
In fact, using a retrospective data set, it was not possible to
retrieve data on informal care, which prevented us from
considering a collective perspective. Based on the
recommendations of the French Authority for Health, costswere
not discounted since the time horizon was less than 12 months
[35].

The 2 strategies being compared are as follows:

« TC patients: patients having at least one TC during the
follow-up period. TCs performed using avideoconferencing
solution or a telehealth station were merged in the same
group as it was not possible to distinguish between the 2
types of TCsat theindividual level in the data.

- CSpatients (the control group): patients having solely CSs
during the follow-up period.

An important feature of the economic evaluation is that we
evaluated the cost differences over patients' care pathways (ie,
298 days of follow-up). Therefore, a TC patient might also have
had CSs during his/her care pathway, and these CSs are taken
into account in thetotal cost. By doing so, we evaluated amixed
organization of care in which patients might be treated with
both TCs and CSs during their care pathway. The incremental
cost between our 2 groups of interest is computed. Based on
the recommendations of the French Authority for Health, we
considered direct production costsonly (ie, costs of the resources
required for the production of the interventions evaluated). All
costs are valued in euros (2020 data). The total cost for patient
i is computed as follows based on the cost inputs presented in
Table 1:
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TotalCost; = NbConsult; X 35.83 + pTCstatien X NbTC; X 12
4 pmedTravel
x (p¥5¥ x VSL(dist,) + p™ X TAXI(dist,) + p*™ x AMB(dist,) )
+ (1 — pmedTravel) x dist, x 0.523
+ ([0.5 X NbTeleSation x MonthlyEquipment®®vic®
+ 0.5 X NbTeleSation X MonthlyEquipment*4!¢* + MaintenanceCost
+ (1—12) X MedEquipment] X NbMonrh) X NbTeleSation X (%) X 1ite=1)

+ MonthlySoftware X NbMonth X NbDoctors
+ NbDoctors X CostHeadphone

where NbConsult; is the number of (tele)consultations (al

specialties) during the period of follow-up; p'® S®" is the

probability that a TC was performed using atel ehealth station;
NbTC; isthe number of TCs (all specialties) during the period

of follow-up; p™®¢ is the share of medical patient

transportation; p’S, p'™!, and p"™ are the probaility of using
a light health vehicle (VSL), a taxi, or an ambulance,
respectively, if apatient uses medical transportation; dist; isthe
cumulative distance traveled by patient i during the period of
follow-up; VSL(), TAXI(), and AMB() are the functions
returning the cost of transportation by a VSL, a taxi, and an

ambulance, respectively, for a specified distance (see
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Multimedia Appendix 3 for more details); NbTeleStation isthe

number of telehealth stations; MonthlyEquipment®®'®includes
the cost of a full telehealth station, cost of installation, cost of
consumable medical equipment, and cost of medical staff
training. To take into account the period of usage and the
depreciation of the TC equipment, this cost is converted into a

monthly cost over the entire period of usage (eg, 60 months if

full depreciation at 5 yearsis assumed); MonthlyEquipment*/'®

includes the cost of a telehedth station (wallet), cost of
consumable medical equipment, and cost of medical staff
training; MaintenanceCost is the cost of maintenance of a
telehealth station (monthly); MedEquipment is the medical
equipment per telehealth station; NbMonth is the number of

months (time window) of the study; N is the number of
patients who had at least one TC. The frequency was computed
before any matching procedure or censoring procedure (ie,
period of follow-up) to take into account the real/observed TC
usage during the study period; NbDoctors is the number of
doctorstrained to use TCswithin the hospital; MonthlySoftware
is the cost of the videoconferencing solution (per month and
per user); and CostHeadphone is the cost of a headphone and
camera per user.
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Table 1. Main cost inputs and other inputs (in euros [2020 data])®

Huguet et al

Inputs Value Sources
TcP station equipment costs Financial data, private hospital in Saint-Etienne
Telehealth station, full station (per station) 21,686.4
Telehealth station, wallet (per station) 10,200
Medical equipment (per station) 360
Installation cost (per station) 1680
Training (per team of 4 medical professionals) 1020
Maintenance (per month per station) 90
Consumable medical equipment (per year or per 200 TCs) 360
Video TC equipment costs Financial data, private hospital in Saint-Etienne
Software and storage server (per month per user) 70
Camera and headphone (per user) 110
Patient transportation costs
Nonmedical patient transportation (cost/kilometer) 0.523 [36]
Medical patient transportation SeeMultimedia Multimedia Appendix 3
Appendix 3
(Tele)consultation costs (per consultation)
Average cost for a specialist (tele)consultation (including average out-of - 35.83 [37]
pocket fees)?
Tariff for nurse accompaniment duringaTC 12 [8]
Other inputs
Share of medical patient transportation 0.36 Assumption
Number of telehealth stations 12 Data, nursing homesin the department of Loire
(Aésio group)
Share of telehealth stations with connected devices 0.5 Data, nursing homesin the department of Loire
(Aésio group)
Number of teams of 4 medical professionals per telehealth station 1 Data, nursing homesin the department of Loire
(Aésio group)
Depreciation rate of TC equipment 5years Assumption
Probability that a TC was performed using a telehealth station (P! C St@ion)  0.2656 Data, HOPI Medical
Number of doctors using TCs 30 Data, private hospital in Saint-Etienne

8Costs were reported in 2017 euros in the report from the French National Health Insurance, and were expressed in 2020 euros using the international
Classification of Individual Consumption by Purpose (COICOP 06.2.1.2.1) discount rate. €1 = US $1.1 (2020 data).

bTC: teleconsultation.

The cost evaluation for CS patients includes the average cost
for a specialist CS (including average out-of-pocket fees)
multiplied by the number of CSs observed during the period of
follow-up as well as the cost of patient transportation. We
computed the average cost for aspeciaist CS, including average
out-of-pocket fees, based on open access data for 2017 taken
from the French National Health Insurance report [37]. Since
the latest data set available was from 2017, the average cost in
2020 euros was expressed using the COICOP 06.2.1.2.1 discount
rate. Nonmedical transportation was valued using the official
cost per kilometer according to French legislation [36]. Medical
transportation was valued for each transportation mode (eg,
VSL, Taxi, Ambulance) according to the conventional tariffs
set by the French National Health Insurance [38-40]. Then, the
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average medical transportation cost was computed as the sum
of each transportation cost weighted by its probability of use.
The probability of use of each transportation mode was derived
from areport by the French Directorate for Research, Studies,
Assessment, and Statistics (DREES) based on 2018 health
expensesdata[41]. Finaly, transportation costs were computed
as the sum of medical and nonmedica transportation costs
weighted by the assumed share of patients using medical
transportation. For TC patients, the cost evaluation further
included TC equipment costs, the training of medical staff, and
the fee for nurse accompaniment in cases where a telehealth
station was used. Cost inputswereretrieved from financial data
taken from the private hospital in Saint-Etienne (France). To
overcome the problem posed by the fact that we could not
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distinguish between the 2 types of TCs (ie, video versus
telehealth station) in the data, the tariff for nurse accompani ment
was weighted with the probability that a TC was performed
using a telehealth station. While we do not observe the type of
TC (ie, video versus telehealth station) at the individual level,
datafrom HOPI Medical allow usto compute the share of TCs
performed using a telehealth station. The investment in TC
equipment is assumed to be fully depreciated in 5 years, and
we assume in the economic evaluation a constant rate of
utilization of TC equipment during that period. Additionally,
the cost of TC equipment is spread over the real number of
patients who had a TC before any exclusion criteria were

applied.

In the comparison of costs between our 2 groups of interest,
selection biasislikely to occur, induced by the fact that not all
patients are eligible for the use of TCs, depending on their
individual or disease characteristics. In the economic evaluation,
we need to control for this selection bias because the potential
differences in characteristics could introduce bias when
evaluating the costs. To that end, we rely on a propensity score
matching procedure to select a representative control group
[42,43]. The propensity scoreisthe conditional probability that
apatient will be part of the treatment group (ie, part of the TC
patient group), conditional on observable characteristics. This
conditional probability isused asaunidimensional indicator of
patient characteristics. In other words, 2 patients with asimilar
propensity score should have similar characteristics (ie,
characteristics involved in the estimation of the propensity
score). We determined this probability by fitting the following
logit model through maximum likelihood estimation:

e Xif

1+ e%if

1,ify* >0

0,ify* <0 P(TC_Group; = 1|X) =

TC_Group; = {
where the latent variable y* = X'[3 + ; the parameter vector B is
obtained through maximum likelihood estimation; and follows
alogistic distribution. The matrix of patient characteristics X'
includes age, gender, the travel time to the hospital, the median
standard of living, population density, the care pathway type,
the ICD-10 chapter, and the care unit. The decision regarding
which variablesto includein thelogit model should not be based
on their expected predictive power. If the propensity score model
was designed as a classifying model and assuming a high
accuracy of that model, the matching procedure would fail to
balance patient characteristics because the patients in the
treatment group would have a probability close to 1 and the
patients in the control group would have a probability close to
0. Instead, one should include | variables suspected of inducing
selection bias between the 2 groups being compared. We then
conducted a 1:1 matching procedure by matching each TC
patient to the closest CS patient in terms of the propensity score.

To take into account the uncertainty surrounding the point
estimation of theincremental cost, we conducted aprobabilistic
sensitivity analysis. We used a nonparametric bootstrap
procedure with 1000 replications [44]. Nonparametric
bootstrapping is a resampling procedure where each bootstrap
sampleisgenerated by arandom samplewith replacement from
the initial data set. This method is widely used in statistics to
obtain the distribution of a point estimate. We aso conducted

https://www.jmir.org/2022/5/€32002
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adeterministic sensitivity analysisto explore the sensitivity of
the mean difference in cost to the variations in several cost
inputs through a tornado diagram.

Performance Evaluation (DES)

Weimplemented the Petri net model presentedin Figure1 using
a DES approach. The population was generated by randomly
selecting each agent with replacement from the 2020 clinical
database described in the “Data’ section. The model was
simulated over a 5-year period (253 working days per year) to
cope with the assumed amorti zation time of TC equipment. The
eigibility criteria for TC patients were based on agents
attributes (eg, |CD-10 chapters, care units), excluding from the
eligible population attributes never observed for TC patientsin
the data. Finally, conditional on the eligible population, agents
were dispatched among the 3 consultation types based on
probabilities. Considering that patients older than 80 years old
arelesslikely to be digiblefor video TCs, we assumed that for

this subpopulation, the probability P'S° is upper bounded at
0.3. Thus, in scenarios in which P'S° exceeds 0.3, the residual
probability P"'S° — 0.3 is attributed equivalently to P<S and P™®
Saion Taple 2 provides a full description of the calibration of
the parameters.

In the simulation, we assumed a maximum capacity of resources
(medical transportation, doctor, nurse, and administrative staff
times) and tracked their level of use. For telehedlth stations,
however, we specified alimited capacity. We assumed that each
station could handle a maximum of 7 TCs per day. When the
daily workflow exceeds the maximum capacity, the agent is
redirected to aCS.

This study is not restricted to asingle specialty or disease, and
it aims to evaluate the use of TCs from an organizationa
perspective. Therefore, in accordance with the existing literature
(see the “Introduction” section), we assume that the clinical
effectiveness of TCs and CSs is comparable among patients
eligible for TC [10-14]. This assumption does not negate the
fact that not al patients are eligible for the use of TCs,
depending on individual or disease characteristics. Thus, we
consider the KPIsin Textbox 1 in the performance evaluation
of the system.

We conducted 3 experiments and an extra validation experiment
(ie, base scenario), which are summarized in Table 3. In
experiment 1, we explored the performance of the model

associated with all combinations of probabilities P<S, PY1S°, and

PTCSAION Thege probabilities reflect theintensity of use of each
type of consultation, and thus, they allow us to evaluate the
performance associated with various degrees of deployment of
each TC type. Astheuse of video TCsand TCsusing telehealth
stations is subject to substantial initial investments (ie, fixed
costs), itisaparticularly insightful factor in examining variation
in performance based on the volume (ie, probabilities) of each
type of TC. This experiment will, for example, highlight the
minimum volume of video TCs and TCs using a telehealth
station required to amortize the videoconferencing system and
telehealth stations, respectively.
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Table 2. Parameters of the simulation model.

Huguet et al

Parameters

Value

Source

Arrival rate (per day)

Probability that anew patient first had a TC? (to be multiplied
by 1/number of TCs per patient to convert at the consult level)

Probability of afirst TC (not previously registered by the doctor)
Probability of having aCS? (PC5)°
Probability of having avideo TC (P¥199)d
Probability of having a TC using atelehealth station (P C Staionye
CSs

Travel time (1 way)

Appointment scheduling time

CStime (doctor)
Video TCs

Consultation time (doctor)

Appointment scheduling time (admin)

Appointment scheduling time for new patients (admin)

Registration time for afirst TC (doctor)

Probability of having a CSwithin 7 days after aTC
TCsusing a telehealth station

Travel time (1 way)

Preparation time (nurse)

Consultation time (doctor)

Closing time (nurse)

Probability of canceling the TC dueto the sick leave of a
nurse

Appointment scheduling time (admin)

Appointment scheduling time for new patients (admin)

Poisson(89.953782) in 2020
0.2368

0.8512
0.9507

0.0362

0.0131

Individual agent travel time
Triangular(1, 2, 1.5)
Triangular(16.9, 29.1, 20)

Triangular(8, 9.47, 13.78)

Triangular(1, 2, 1.5)
Triangular(8, 10, 9)
Triangular(1, 2, 1.5)
0.0672

0
Triangular(8, 12, 10)

Lognormal (2.1888426,
0.57548749, 3.0333333)

Triangular(3, 7, 5)

0.05/number of teams per
telehealth station

Triangular(2.5, 4.5, 3.5)
Triangular(10, 15, 12.5)

Clinical data

Clinica data (number of first TC/number of TC pa-
tients)

Clinical data (1/number of TC per patient)
Clinica data

Clinica data

Data, HOPI Medical

Clinica data
Secretary staff
[49]

Consult timereduced by 52.6% for otorhinolaryngol-
ogy [19]

Secretary staff, private hospital in Saint-Etienne
Secretary staff, private hospital in Saint-Etienne
Secretary staff, private hospital in Saint-Etienne
Clinical data

Assumption
Protocol private hospital
Data HOPI Medical

Protocol private hospital

Assumption

Department of Anesthesia of a private hospital in
Saint-Etienne

8T C: teleconsultation.

bes: physical consultation.

°pCS: ¢S probability.

dpVisio: yideo TC probability.

epTC Stalion. 1 yging atelehedlth station probability.
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Textbox 1. Key performance indicators considered in the performance evaluation of the system.

Cost key performance indicator

When an agent exits the system, we compute the total cost based on the agent’s characteristics (eg, distance traveled) and care pathway based on the
same formula used in the economic evaluation. We then sum each total cost over all agentsin a simulation run to obtain the overall total cost of the
system. Similarly, we compute the average cost associated with each consultation type to obtain the cost per physical consultation (CS), cost per video
teleconsultation (TC), and cost per TC using atelehealth station.

Resour ce usage key performance indicator

Includes doctor, administrative staff, and nurse times (minutes). When an agent consumes a resource, we keep track of the level of consumption by
taking arandom draw from the distributions in Table 2.

Transfer key performance indicator

The number of patients transferred to a CS after avideo TC or after a TC using a telehealth station due to the unavailability of the station or the sick
leave of anurse.

Volume of (tele)consultation key performanceindicator
The number of CSs, video TCs, and TCs using a telehealth station compl eted.
Travel time key performance indicator

The total travel time and travel time avoided (minutes). We compute the travel time avoided for each agent engaging in a TC (ie, either using avideo
TC or viaatelehealth station) as the distance he/she would have traveled to the clinic based on his/her characteristics.

Table 3. Descriptions of the experiments.

Description Basescenario  Experiment 1 Experiment2  Experiment 3
Simulation features
Replication count 20 20 20 20
Replication length (minutes) 1,821,600 1,821,600 1,821,600 1,821,600
Parametersvariation
pcsa 0.9507 Combination summing to one® 0(0.01)1 Combination summing to one?
p Visioc 0.0362 Combination summing to one® 0 Combination summing to one”
p TC Stationd 0.0131 Combination summing to ond® 1-pCS Combination summing to one?
Share medical transport 0.36 0.36 1 0.36
Number of telehealth stations 12 12 12 12
Number of teams of nurses per station 1 1 1 1
Population variation
Poisson daily arrival rate 89.95 89.95 20.64 89.95
Age (years) Norestriction ~ No restriction Age >80 No restriction
Distance (km) Norestriction ~ Norestriction 13.06 Distance<20; 20<Distance<50;

Distance=50

apCs., physical consultation probability.

bPCS’ l:,vis'o’ PTC Station aslong as PCS + F,,vis.io + PTC Station _ 1
video teleconsultation probability.

dpTC Station. 1oy econsultation using atelehealth station probability.

CPVIS|0:

The aims of experiments 2 and 3 are similar to those of
experiment 1, but these experiments address specific
subpopul ations. Experiment 2 focused on apopul ation composed
of elderly people (ie, age >80 years) in nursing homes. This
subpopulation is assumed to not be eligible for video TCs and
to be medically transported whenever a CS is needed. Based
on the observed distances in our data, we assume that nursing
homes are located 13.06 km from the clinic. The primary aim
of thisexperiment wasto determine whether the use of tel ehealth

https://www.jmir.org/2022/5/€32002

RenderX

stations is more or less efficient for this subpopulation,
considering that theseindividuals are on average located closer
to the clinic but cannot use personal transportation. Experiment
3 gplit the population into 3 groups: patients living within 20
km, between 20 km and 50 km, and more than 50 km from the
clinic, and it replicated experiment 1 for each subpopulation.
The objective of this experiment is to shed light on the
performance of video TCs or TCs using telehedlth stations
depending on whether the clinic is attractive in an urban,
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peri-urban, or remote area and to determine the associated
break-even points.

Finally, we conducted an extra validation experiment by
simulating the base scenario. In this scenario, the parameters
are calibrated to reflect the behaviors observed in the data (eg,
theintensity of use of each TC type). Thisvalidation experiment
serves as a robustness check by comparing the observed
distribution of the population characteristics with the smulated
distributions.

Results

Economic Evaluation (Cost Analysis)

We initially observed 532 patients who received at least one
TC (ie, TC patient group) and 18,559 CS patients. The TC
patients were recruited during a 7-month period (ie, 2020 data)
versus 19 months for the CS patients (ie, 2019 and 2020 data).
When censoring the data to have the same period of follow-up

Huguet et al

for each patient in the sample, the sample size fell to 424 TC
patientsand 13,202 CS patients. Ultimately, the matched sample
used in the economic evaluation included 404 patients in each
group. However, we used the initia (full) data set to calibrate
the parameters in the DES model.

Thenumber of CSsor TCsislikely to have asubstantial impact
on the total cost per patient. Figure 2 depicts the density of the
number of (tele)consultations and the time between consultations
per patient for our 2 groups of interest in the matched sample.
The average number of (tele)consultations over the period of
follow-up per patient was 2.94 for CS patientsand 3.53 for TC
patients. Interestingly, an unpaired 2-sample t test testing the
equality of means indicated a significantly higher number of
(tele)consultationsfor TC patientsthan for CS patients (P<.001).
Similarly, the average time between consultations for CS
patientswas 46.5 days, compared with 43.3 daysfor TC patients.
However, an unpaired 2-sample t test indicated no significant
differencein means (P=.17).

Figure 2. Number of (tele)consultations and time between consultations per patient (matched sample). CS: physical consultation; TC: teleconsultation.
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As anticipated, we did indeed observe wide differences in
individual or disease characteristics between TC and CS patients,
which tended to confirm the presence of selection bias (Table
4). For example, Table 4 shows that 49.1% (208/424) of TC
patients engaged in (tele)consultations before and after
hospitalization, compared with 36.06% (4761/13,202) of CS
patients. Thisdistortion in the consultation care pathway might
bias the results if |eft as it stands because it would artificially
increase the relative number of (tele)consultations received by
TC patients compared with CS patients. The sameissueislikely
to occur for the wide differences observed between the 2 groups
in ICD-10 chapters and care units.

Table 4 shows a good quality of the propensity score matching
procedure in balancing the characteristics between our 2 groups
of interest. Indeed, whileweinitially observed wide differences,
after matching by the propensity score, there were no longer
any differences in ICD-10 chapters, care units, or CS care
pathways between TC and CS patients. The matching procedure
inherently balanced the sample size of the 2 groups.

https://www.jmir.org/2022/5/€32002
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A description of the averagetotal cost computed in the matched
sample for TC patients and CS patientsis provided in Table 5.
On average, the total cost per patient over the period of
follow-up was €356.37 (US $392) per TC patient and €305.18
(US $336) per CS patient. Interestingly, regarding the
composition of the total cost, the cost associated with the tariff
of (tele)consultationsis higher for TC patients (ie, by €25 [US
$28]) than for CS patients. This result confirms the finding in
Figure 2, which shows a significantly higher number of
(tele)consultations for TC patients (P<.001). By contrast, the
average cost of transportation per patient islower for TC patients
(ie, by €72.5 [US $80]) than for CS patients. The cost of
transportation for TC patients is greater than 0 because 85.4%
of TC patients (362/424) had both CSs and TCs during the
period of follow-up. Finaly, based on the observed TC
utilization rate in the study period, the total cost per TC patient
includes an additional cost of €98.76 (US $109) for the TC
equipment.

JMed Internet Res 2022 | vol. 24 | iss. 5 | €32002 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Huguet et &

Table 4. Patient characteristics before and after matching by the propensity score.

Patient characteristics Before matching by the PS? After 1:1 matching by the PS

TCP patients ~ CSC patients TCpatients ~ CS patients

(n=424) (n=13202)  Pvaue® (n=404) (n=404) P value?
Age 61.50 61.48 .98 60.93 60.26 .56
Female, n (%) 216(50.94)  7119(53.92) .23 207 (5124)  192(4752) .29
Male, n (%) 208 (49.06) 6083 (46.08) .23 197 (48.76)  212(52.48) .29
Travel time to hospital (minutes) 24.25 23.21 .38 2412 25.32 .56
Median standard of living (€9) 19,765 19,873 .29 19,779 19,921 .33
Population density 9.49 9.62 .81 9.45 10.49 .35

Care pathway consultation, n (%)

After hospitalization 89(20.99)  3363(2547) .04 70 (17.32) 67 (16.58) 78
Before hospitalization 127 (29.95)  5078(38.46) <.01 127 (31.44)  121(29.95) .65
Both 208(49.06)  4761(36.06) <.01 207 (51.24)  216(53.47) 53

ICD-10' chapter, n (%)s

Certain infectious and parasitic diseases 0(0) 51 (0.39) 21 0(0) 0(0) _9
Neoplasms 100 (2358) 1679 (12.72) <.01 95 (23.51) 91 (22.52) 74
Diseases of the blood and blood-forming organs 0(0) 15(0.11) 51 0(0) 0(0) —

Endocrine, nutritional, and metabolic diseases 15 (3.54) 255 (1.93) .03 14 (3.47) 17 (4.21) .58
Mental disorders 0(0) 1(0.01) .81 0(0) 0(0) —

Diseases of the nervous system 1(0.24) 236 (1.79) .02 1(0.25) 2(0.50) 56
Diseases of the eye 0(0) 774 (5.86) <.01 0(0) 0(0) —

Diseases of the circulatory system 92 (21.70) 1003 (7.60)  <.01 88 (21.78) 90 (22.28) 87
Diseases of the respiratory system 0(0) 66 (0.50) 15 0(0) 0(0) —

Diseases of the digestive system 76 (17.92) 2676 (20.27) .23 72 (17.82) 79 (19.55) 53
Diseases of the skin and subcutaneous tissue 1(0.24) 157 (1.19) .08 1(0.25) 1(0.25) .99
Diseases of the musculoskeletal system 45 (10.61) 2524(19.12) <.01 43 (10.64) 55 (13.61) 20
Diseases of the genitourinary system 55 (12.97) 1106 (8.38) .001 52 (12.87) 46 (11.39) .52
Pregnancy, childbirth, and the puerperium 0(0) 1(0.01) .86 0(0) 0(0) —

Congenital malformations, deformation 2(0.47) 16 (0.12) .04 2 (0.50) 1(0.25) .56
Symptoms not classified elsewhere 10 (2.36) 412 (3.12) 46 10 (2.48) 7(L73) 46
Injury, poisoning 1(0.24) 286 (2.17) .008 1(0.25) 0(0) .32
Factors influencing health status 26 (6.13) 1944 (14.73) <01 25 (6.19) 15 (3.71) a1

Careunit, n (%)

Ambulatory emergency 0(0) 339 (2.57) .001 0(0) 0(0) —
Ambulatory 143(33.73) 3427 (25.96) <01 143(35.40) 130(32.18) .33
Short stay 55 (12.97) 2397 (18.16)  .006 55 (13.61) 58 (14.36) 76
Anesthesia 1(0.24) 1(0.01) <01 0(0) 0(0) —
Other 1(0.24) 0(0) <01 0(0) 0(0) —
Digestive system 56 (13.21) 1539 (11.66) .33 48 (11.88) 49 (12.13) 91
Sleep assessment 2(0.47) 974 (7.38) <.01 2(0.50) 1(0.25) 56
Gastroenterology 1(0.24) 110 (0.83) .18 1(0.25) 2 (0.50) .56
Gynecology 23(5.42) 566 (4.29) 26 21 (5.20) 14 (3.47) 23
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Patient characteristics Before matching by the PS? After 1:1 matching by the PS

TCP patients ~ CSC patients TCpatients ~ CS patients

(n=424) (n=13202)  Pvaue® (n=404) (n=404) P value®
Medicine 4(0.94) 36 (0.27) .01 3(0.74) 2(0.50) .65
Neurology 7 (1.65) 117 (0.89) 10 6 (1.50) 5 (1.24) 76
Ophthamology 0(0) 22(0.17) .39 0(0) 0(0) —
Orthopedics 19 (4.48) 1741 (1319) <01 19 (4.70) 31(7.67) .08
Radiology 0(0) 1(0.01) .86 0(0) 0(0) —
Resuscitation 1(0.24) 193 (1.46) 04 0(0) 0(0) —
Monitoring unit 1(0.29) 384 (2.91) .001 1(0.25) 1(0.25) .99
Urology 66 (15.57) 712 (5.39) <01 61 (15.10) 67 (16.58) 56
Vascular disease 44 (10.38) 643 (4.87) <.01 44 (10.89) 44 (10.89) .99

3pS: propensity score.
bre patients: patients having at |east one teleconsultation.
CCs patients: patients having only physical consultations.

dstudent t test of the difference between TC and CS patients (P value); see Multimedia Appendix 2 for a description of the ICD-10 chapters.

€1 = US $1.1 (2020 data).

fICD-10: International Statistical Classification of Disease and Related Health Problems, tenth revision.

9No observations.

Table 5. Composition of the total cost (matched sample, in euros [2020 data)).

Composition TC? patients CSP patients
Mean (SD) Range Share (%)¢  Mean (SD) Range Share (%)°

(Tele)consultation cost 130.25 (75.52) 39.02-478.54 36.76 105.27 (65.9) 35.83-537.45 45.56
Medical transportation (1) 87.91 (99.24) 0-1121.65 19.41 132.33(410.13)  20.44-6964.79 39.47
Nonmedical transportation (2) 39.45 (65.49) 0-831.13 7.89 67.57 (311.37) 2.05-5272.48 14.97
(1)+(2) Total transportation 127.36 (162.85)  0-1952.78 27.3 199.91(721.12)  22.49-12237.27  54.44

TC equipment 98.76 (0) N/AD 35.94 N/A N/A N/A

Total cost per patient® 356.37 (21358)  137.78-223388 100 305.18(75353) 58321277472 100

8TC: teleconsultation.

bcs: physical consultation.

Cshare: percentage of the total cost.
dN/A: not applicable.

Details about the computation of the total cost per patient are provided in the “Methods” section.

Theincremental cost of TCs can thus be computed as follows:

ACst = Cost™C — Cost®s = 356.37 — 305.18 = 51.19 (95% CI — 35.99 to 114.25)

where Cost™ and Cost® gre the average of the total costs per TC
patient and CS patient, respectively. Overal, the use of TC
increased the total cost per patient by €51.19 (US $56) over the
period of follow-up.

The probabilistic sensitivity analysis (ie, nonparametric
bootstrapping with 1000 replications) allowed us to compute
the 95% ClI of the point estimation of the incremental cost. The
bootstrap procedure captures a strong uncertainty surrounding
the incremental cost estimation, which leadsto awide 95% Cl.

https://www.jmir.org/2022/5/€32002

Theresults of the deterministic sensitivity analysis are presented
as a tornado diagram in Figure 3. The share of patients with
medical transportation isfound to have the largest effect on the
incremental cost. Indeed, the use of TCswould be comparable
in terms of total cost if 100% of the patients were assumed to
be medically transported. Similarly, assuming a 10-year time
tofull depreciation of TC equipment, theincremental cost would
fall to €28 (US $31) per patient. In the tornado diagram, we
included a scenario in which the cost of the videoconferencing
software would be free to reflect the economic model of some
companies. Indeed, toincrease TC station sales, some companies
were observed to offer the videoconferencing solution for free
as aloss leader product. Under this scenario, the incremental
cost would decrease on average to €23.6 (US $26).
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Figure 3. Tornado diagram. TC: teleconsultation; VSL: light health vehicle.
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»

Performance Evaluation (DES)

Figure 4 displays the 30 least expensive and the 15 most
expensive combinations (PS5, P, and PTC SN jn experiment
1 and indicates their total cost (top) and resource consumption
(bottom).

Recall that the triplet of probabilities reflects the intensity of
use of each type of consultation. For example, (.3,.5) means
that P©5=0.3, P"'S°=0.5, and P"¢S@°'=1 _0.3-0.5=0.2. Using
thistriplet of probabilities, we simulate an organization of care
in which on average, among the population eligible for TC,
30% of consultations are CSs, 50% are video TCs, and 20% are
TCsusing atelehealth station. Thus, by taking all combinations
of thistriplet, we simulate a multitude of organizations of care
that combinethe use of CS, video TC, and TC using atelehealth
station (see the “Methods’ section for more details). The 14
most expensive scenarios depict situations in which there was
an investment in telehedth stations (P'C S@°'>0) or a
videoconferencing solution (ie, PVi5'°>0), but in which the
intensity of use of TCs remained very low (ie, <1% of the
eligible population). Interestingly, the scenario reflecting the
intensity of use of each type of consultation observed in the
data (P©5=0.9507, P¥5°0.0362, P'C S1°'=0,0131) is found to
be amore expensive organization of care than ascenario without
any TCs (P5=1). Comparing the 14 most expensive scenarios
and the scenario without any TCs, one can seethat thetotal cost
is substantially lowered in the organization of care with ahigh
intensity of use of video TCs or TCs using telehealth stations.
The least expensive scenario (P“'°=1) is obtained when all
eligible patientsaretreated through avideo TC. Even when P<S
is set to 0, there is an incompressible volume of CSs because
the probabilities (P®S, pV's°, pT¢ S@ioN gre conditional on the
eligible population.

Regarding this aspect, Figure 5 shows that the incompressible
volume of CSs is higher when relying solely on video TCs
compared with scenarios mixing the use of video TCsand TCs
using telehealth stations. The reason is that elderly people are
assumed to be less dligible for video TCs, with a maximum

https://www.jmir.org/2022/5/€32002
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probability P'S°=0.3, aswell as because of apositive probability
of transfer to a CS at the end of avideo TC. Thus, the second
least expensive scenario (PS=0, PV'S°=0.9, p'C S@ion—q 1)
expands the digible population and reduces the number of
transfers by treating a fraction of the population with TC
stations. Additionally, Figure 5 shows that the total number of
(tele)consultations completed is dightly higher in scenarios
with a higher intensity of video TCs. The reason is that some
patients are redirected to a CS after their video TC and due to
the lower eigibility of elderly people.

However, the sorting of the scenarios based on their total cost
has no relationship with their sorting based on the resourcetime
consumption because such consumption is excluded from the
total cost computation from a health care sector perspective
(Figure 4, bottom). Our results indicate that the use of TCsis
time saving for doctors but istime consuming for administrative
staff compared with an organization without any TCs. Overall,
we found that the use of a videoconferencing solution is time
saving because the decrease in doctor time more than
compensates for the increase in administrative time. However,
scenariosinvolving the use of telehealth stations also consume
nurse time. Taking into account this extra resource, these
scenarios tend to be time consuming in terms of total resources
and time dueto the substantial consumption of nursetimewhen

pTC Sdions0 2 which largely compensates for the associated
decrease in doctor time. Ultimately, the scenario relying solely

on video TCs (P"'9°=1) minimizes the total cost and total
resource time consumption while maximizing the total number
of (tele)consultations completed for a given population.
Nevertheless, relying solely on video TCs does not strictly
dominate acombination of video TCsand TCsusing tel ehealth
stations because it does not minimize the tota travel time KPI
(Figure 6). Indeed, the use of TCs (i€, either video TCsor TCs
using telehealth stations) naturally leads to substantially lower
total travel times compared with CSs. Nevertheless, in this
respect, TCs using telehealth stations are even more effective
than video TCs. The reason is that a positive share of patients
is transferred for CSs after an initia video TC (ie, increased
volume) and because of the lower eligibility of elderly people
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for video TCs, which expands the incompressible volume of
CSs.

Figure 7 depictsthe average cost per (tele)consultation type for
a given volume of (tele)consultations completed. The average
cost per CS is €60.91 (US $67; range 60.01-60.98) and is
broadly constant as there is no fixed investment cost for this
consultation type. It only varies with the cost of patient
transportation depending on the distancestravel ed to the hospital
by patients in the generated population. Thus, CSs are subject
to constant returns to scale. By contrast, the average cost per
video TC and per TC using a telehealth station drastically
decreases over the number of TCsof each type completed. These
inverse function shapes (ie, convex shapes) reflect the initial
investment (ie, fixed cost) in a videoconferencing solution or

Huguet et a

in telehealth stations, which are more or less amortized
depending on the number of TCs completed. Thisimplies that
thetotal cost functions for video TCs and TCs using telehealth
stations are homogenously of degrees lower than 1. In other
words, there are substantial scale economieswhen investingin
a videoconferencing solution or atelehealth station. Thus, the
minimum volume required to amortize the videoconferencing
solution and tel eheal th station (ie, with 12 stations) investments
is 2969 video TCs and 13,604 TCs using a telehealth station,
respectively. At these break-even points, the average cost per
CS equalsthe cost per video TC and per TC using atelehealth
station. In other words, the videoconferencing solution is
amortized if at least 2.3 video TCs per day are completed on
average at the hospital (Table 6). Similarly, atelehealth station
isamortized if at least 0.9 TCs per station per day are completed.

Figure 4. Bar plot of total cost (upper) and resource time utilization (lower) (experiment 1). CS: physical consultation; TC: teleconsultation.
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Figure5. Bar plot of the volume of (tel€)consultations for the scenarios used for experiment 1 (same sorting order as Figure 4). CS: physical consultation;

TC: teleconsultation.
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Figure 7. Average total cost (cost per (tele)consultation) for the general population (experiment 1). TC: teleconsultation.
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Table 6. Break-even levels for amortization of TC equipment.
Break levels? Visio TC? 12 TC stations Per TC station
Experiment 1 (population level) 2.3/day 10.8/day 0.9/day
Experiment 3 (subpopulation: urban) 3.5/day 28.3/day 2.4/day
Experiment 3 (subpopulation: peri-urban) 2/day 8.8/day 0.7/day
Experiment 3 (subpopulation: remote) 1.2/day 3.3/day 0.3/day
Experiment 2 (subpopulation: nursing homes) N/AC 2.95/day 0.2/day

#The break-even point for the amortization of video TC equipment if we restrict the population to urban agents is 3.5 TCs per day over 5 years (253

working days per year). Computation: 4442 video TCs/1265 working days.
PTC: teleconsultation.
°N/A: not applicable.

In experiments 2 and 3, we replicated experiment 1 within
subpopulations to substantiate the potential variation in
amortization speed. The subpopulationsincluded el derly people
in nursing homes (experiment 2) and people living in urban,
peri-urban, and remote areas (experiment 3). Table 6 displays
the break-even points for each subpopulation. The
videoconferencing solution is amortized if at least 3.5, 2, and
1.2 video TCs per day are completed for an urban, peri-urban,
and remote subpopul ation, respectively. Thus, the characteristics
of the population that composed the market share of the hospital
did indeed have a substantial impact on the amortization speed
of the videoconferencing solution. The same pattern can be
observed for the amortization of telehealth stations, depending
on whether the stations are located in urban, peri-urban, and
remote areas, with break-even points of 2.4, 0.7, and 0.3 TCs
per station per day, respectively. These results substantiate the
importance of the location of teleheadth stations, which
drastically affects the economic profitability of these stations.
Finaly, our findings indicate that telehealth stations are even
more profitable when they are located in nursing homes, with
abreak-even point of 0.2 TCs per station per day. The economic

https://www.jmir.org/2022/5/€32002
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profitability of telehealth stations was not as straightforward
because nursing homes were located relatively close to the
hospital (13.06 km on average), which could haveincreased the
break-even point, as is the case for the urban subpopulation.
Nevertheless, the fact that nursing homeresidents are medically
transported whenever physical transportation is needed largely
offsets the impact of short distances on the total cost.

Finally, the results of the validation experiment are presented
in Multimedia Appendix 4, which shows that our simulation
strategy worked well in generating a population with
characteristics similar to those of the observed population.
Similarly, the share of TCs observed in the data is broadly
comparable to the simulated share. The volume of
(tele)consultations is naturally substantially higher in the
simulation than the observed volumes because we considered
a 5-year simulation window against a 7-month period of
observations for the 2020 data. We could not consider the
transfer KPI or cost KPI in the validation experiment because
they were not observed in the data.
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Discussion

Principal Findings

In this study, we conducted an evaluation of the use of TCsfor
consultations with specialists at a hospital. Using data on
(tele)consultations for any eligible specialty, the key feature of
our evaluation framework is the combination of an economic
evaluation through acost analysis and a performance eva uation
through a DES approach that distinguishes between 2 types of
TCs.

Regarding the cost analysis, the use of TCs was found to
increase the total cost per patient by €51.19 (US $56) over a
298-day follow-up (Table 5). Naturaly, the fixed cost of
investment in a videoconferencing solution and in telehealth
stations was one of the main driving factors of the incremental
cost. Nevertheless, the incremental cost was also found to be
driven by a higher number of (tele)consultations per patient
(Figure 2). Thus, our results indicate that during the study
period, TCs were used as a complement to CSs rather than as
a subgtitute. A probabilistic sensitivity analysis through a
bootstrap procedure indicates a strong uncertainty surrounding
the point estimation of the incremental cost. Interestingly, the
deterministic sensitivity analysis sheds light on the substantial
impact of the share of patients with medical transportation on
the incremental cost. Indeed, there would no longer be a
difference in total cost per patient if 100% of patients were
medically transported whenever a CS was needed (Figure 3).
The incremental cost was also found to be sensitive to other
cost inputs, such as the volume of TCs completed and the
number of TC stations.

The sensitivity of the relative cost of TCs compared with CSs
suggests a potential heterogeneity in the profitability of this
strategy based on the level of deployment (eg, the volume of
TCs completed, the number of telehedlth stations) and the
characteristics of the population (eg, the share of medical
transportation). To delve into this heterogeneity, in this paper,
we propose aflexible model for evaluating the performance of
various scenarios for future TC deployment using a DES
approach. Our findings support the notion that the system
obtainsthe worst performancein terms of total cost in scenarios
in which there was an investment in telehealth stations or a
videoconferencing solution but in which the intensity of use of
TCs remained very low (ie, <1% of the eligible population;
Figure 4). The poor performance of these scenariosin terms of
costs is induced by the substantial initial investment (ie, fixed
costs) in avideoconferencing solution or tel ehealth stationsthat
is spread over a low volume of TCs. By contrast, scenarios
relyingintensively on video TCsor TCsusing telehealth stations
werefound to be cost saving compared with the scenario without
any TCs owing to the presence of substantial scale economies
when investing in TC equipment, while CSs are subject to
constant returns to scale. Thus, assuming a 5-year life span of
TC equipment (ie, 253 working dayslyear), the
videoconferencing solution and a telehealth station would be
amortized (ie, break-even point) if at least 2.3 video TCs and
0.9 TCs using a telehealth station per station were completed
each day, respectively (Table 6). Our results also substantiate
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astrong heterogeneity in the economic profitability of each TC
type based on the population characteristics. Indeed, the
videoconferencing solution would require a break-even point
of 3.5 video TCs per day in an urban population, 2 video TCs
per day in a peri-urban population, and 1.2 video TCs per day
in a remote population. Thus, the amortization speed when
investing in avideoconferencing solution is strongly correlated
with the target population of the hospital. Similarly, the location
of telehealth stations (ie, relative to the hospital location)
drastically affectstheir break-even points, with daily minimum
volumes per station of 2.4, 0.7, and 0.3 for TCsusing telehealth
stations located in urban, peri-urban, and remote areas,
respectively. Interestingly, telehealth stations were found to be
even more profitable when located in nursing homes, with a
break-even point of 0.2 TCs per day per station. Indeed, even
if nursing homes were often located relatively close to the
hospital (ie, average distance of 13.06 km), the fact that their
residents would need medical transportation whenever a CS
was needed drastically reinforced the economic profitability of
telehealth stations in this context.

Limitations

This study also has severa potentia limitations. We used a
retrospective data set to conduct the economic evaluation, and
assignment to the treatment and control groups could not be
randomized. To overcome this potential risk of selection bias,
we conducted 1:1 matching based on the propensity score to
derive a pseudorandomized data set. The configuration of our
study (ie, alarge control group) was suitable for relying on such
matching methods, and the matching showed a good
performance in balancing the covariates between our 2 groups
of interest (Table 4). We could also not distinguish between
video TC and TC using teleheal th stations at the individual level
inthe data because we only observed the share of patientsusing
telehealth stations. We thus had to merge these 2 types of TCs
into the same group in the economic eval uation and account for
this distinction only in the performance evaluation. Similarly,
welacked other individual data, such asdata concerning patient
transportation mode and the level of out-of-pocket fees for
patients, which we replaced by average dataat the national level.
Another potential limitation concerns the study period, with
data on TCs completed in the early stages of the COVID-19
crisis. The fast adoption of telemedicine during that period, as
well as the pressure on the health care system, could have had
an impact on the behaviors observed in the data. For example,
the COVID-19 crisis might have affected the volume of each
TC type observed in the data due to the strategy of delayed
medical care adopted by many countries to save medical
resources [46]. Nevertheless, in this regard, the strength of this
study liesin thefact that it isthefirst to evaluate the use of TCs
and the way in which they were used during the study period
through an economic evaluation, as well as the fact that this
study explores various scenarios for future deployment through
a DES approach. Thus, our goal in the DES approach was
specifically to explore variouslevels of intensity of TC useand
to assess their relative performance.
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Comparison With Prior Work

Inthe existing literature, thereisno overall consensusregarding
the performance of TCsintermsof cost or resource consumption
[23,24]. The difficulty of reaching a consensus may partially
be explained by the variety of diseases and contexts in which
telemedicine has been eval uated. Our results support the notion
that the performance of TCs is strongly correlated with the
characteristics of thetargeted population and the volume of TCs
completed. Thus, to reap the full benefit of TC, one needs to
identify the most profitable scenarios. In thisregard, our results
arein line with previous studies and tend to show that the use
of TC could be particularly profitable when medical
transportation could be avoided [23]. Interestingly, our results
also substantiate the claim that telehealth stations could be
particularly profitable when located in nursing homes. Indeed,
even if nursing homes were located relatively close to the
hospital in the case study, the fact that their residents would
need medica transportation whenever a CS was needed
drastically reinforced the economic profitability of telehealth
stationsin this context.

Furthermore, while the multitude of diseases investigated
independently in a disease-specific setting prevented many
studies from considering the amortization of telemedicine
equipment, we consider any speciaty eligible for TC
[6,18-21,23,24]. By so doing, our results substantiate a strong
correlation between the break-even levels for TC equipment
and the characteristics of the targeted population (ie, their
location relative to the hospital). As an illustration, a hospital
treating patients living in a radius of 20 km would have to
perform 3 times more TCs compared with a hospital treating
patients living more than 50 km away to amortize a
videoconferencing solution, all else being equal. Similarly, a
TC station located close to a hospital (ie, within 20 km) would
require 8 times more TCs to be amortized than one located in
aremotearea (avoiding travel distances >50 km). Thesefindings
have important practical implications and substantiate the claim
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that the strategy of deployment for a TC program should take
into account the characteristics of the population and the
geographical spread of hospitalsand patientswithin theterritory.

Regarding resources other than cost, a recent literature review
argued that the use of TCs could provideincreased productivity
through reduction in consultation time, which might, however,
be offset by administrative overhead [23]. In this regard, our
results support the notion that the reduction in doctor time
resulting from TCs (ie, use of either a videoconferencing
solution or a telehealth station) largely offsets the increase in
administrative time consumption. Moreover, in the simulation,
by distinguishing between video TCs and TCs using telehealth
stations, we shed light on another important resource: nurses.
When considering nurse time consumption, our findingsindicate
that the net effect on resource time consumption could result in
increased time. However, an increase in resource time
consumption is unlikely to affect the total cost from a health
care perspective under an activity-based payment scheme.
Nevertheless, these variations in resource consumption should
be taken into account to calibrate resources properly when
introducing a new telehealth station.

Conclusions

To conclude, the use of TCs has the potential to lead to amajor
organizational change in the health care system in the near
future. Nevertheless, the performance of TCs in terms of cost
reduction is strongly related to the context and deployment
strategy. Decision makers should, for example, pay attention
to the volume of TCs they expect to achieve as well as the
characteristics of the targeted population when investing in a
TC solution because they have adecisiveimpact on itseconomic
profitability. Furthermore, while the organizational and
economic impacts of TCs are 2 major aspects to be taken into
account in future TC development, there are several other
important aspects not covered in this study that should be taken
into account, such as patients’ satisfaction and access to care
aswell as adoption by health care professionals.
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