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Abstract

Background.—Comprehensive economic evaluations have not been conducted on telemedicine
consultations to children in rural emergency departments (EDs).

Objective.—We conducted an economic evaluation to estimate the cost, effectiveness, and return
on investment (ROI) of telemedicine consultations provided to health care providers of acutely ill
and injured children in rural EDs compared with telephone consultations from a health care payer
prospective.

Methods.—We built a decision model with parameters from primary programmatic data,
national data, and the literature. We performed a base-case cost-effectiveness analysis (CEA),

a probabilistic CEA with Monte Carlo simulation, and ROI estimation when CEA suggested cost-
saving. The CEA was based on program effectiveness, derived from transfer decisions following
telemedicine and telephone consultations.

Results.—The average cost for a telemedicine consultation was $3641 per child/ED/year in 2013
US dollars. Telemedicine consultations resulted in 31% fewer patient transfers compared with
telephone consultations and a cost reduction of $4662 per child/ED/year. Our probabilistic CEA
demonstrated telemedicine consultations were less costly than telephone consultations in 57%

of simulation iterations. The ROl was calculated to be 1.28 ($4662/$3641) from the base-case
analysis and estimated to be 1.96 from the probabilistic analysis, suggesting a $1.96 return for
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each dollar invested in telemedicine. Treating 10 acutely ill and injured children at each rural ED
with telemedicine resulted in an annual cost-savings of $46,620 per ED.

Limitations.—Telephone and telemedicine consultations were not randomly assigned,
potentially resulting in biased results.

Conclusions.—From a health care payer perspective, telemedicine consultations to health care
providers of acutely ill and injured children presenting to rural EDs are cost-saving (base-case and
more than half of Monte Carlo simulation iterations) or cost-effective compared with telephone
consultations.

Keywords

economic evaluation; cost-effectiveness; telemedicine; pediatrics; rural health; emergency

medicine

Children living in rural communities often have poor access to subspecialty physicians due
to geographical barriers.12 This lack of access to pediatric subspecialists, particularly for
children presenting to rural emergency departments (EDs), may result in unnecessary patient
admissions, transfers, or overuse of expensive transport modalities, such as rotor and fixed-
wing air ambulances.® One potential solution to this problem is the use of telemedicine,
which allows consulting specialists to make more comprehensive medical evaluations

and better informed recommendations remotely than would be possible with telephone
consultations. As a result, the use of telemedicine could affect disposition decisions, thereby
reducing patient transfers from rural EDs to higher level hospitals, potentially reducing
overall health care costs.*®

Economic evaluation is becoming particularly important in comparing models of care.
Few studies have evaluated the costs and effectiveness of telemedicine to deliver pediatric
subspecialty consultations.87 In fact, systematic reviews of cost-effectiveness studies on
telemedicine have reported that there was insufficient evidence to prove telemedicine was
cost-effective compared with conventional standards of care, because most of these studies
did not consider relevant factors important in conducting high-quality cost-effectiveness
analyses.8:9 Some studies conducting economic evaluations on how telemedicine can reduce
patient transfers have lacked a clear perspective to frame the valuation of incurred and
averted costs.8 To our knowledge, no economic evaluation has been conducted to evaluate
the use of telemedicine in providing pediatric subspecialist consultations to health care
providers of acutely ill and injured children treated in rural EDs.

In this study, we sought to conduct an economic evaluation of a telemedicine program

that provides pediatric critical care consultations to health care providers of acutely ill and
injured children presenting to rural EDs. As a reference or a status quo, our economic
evaluation compared similar acuity-triaged patients who received telephone consultations,
the current standard of care. The goals were to conduct a cost analysis, a cost-effectiveness
analysis (CEA), and return-on-investment (ROI) estimation of telemedicine consultations
compared with the telephone consultations from a health care payer perspective.
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Overview of the Pediatric Critical Care Telemedicine Program

We conducted a retrospective review of the Pediatric Critical Care Telemedicine Program at
the University of California, Davis Children’s Hospital (UC Davis Children’s Hospital).
The program’s goal is to deliver immediate pediatric critical care consultations using
telemedicine to health care providers of acutely ill and injured children (younger than 18
years) presenting to the region’s rural EDs. Our study examined 8 rural EDs in Northern
California, where telemedicine was deployed between January 2003 and December 2009.
The EDs participating in the telemedicine program were relatively small, with a total annual
patient volume between 4000 and 10,000 visits and an average annual volume of acutely ill
and injured children between 10 and 30.

Following telemedicine deployment, the physicians staffing the rural EDs were encouraged
to use telemedicine consultations for pediatric patients presenting in the highest (sickest)
triage category. All participating EDs had similar 3-level triage classification systems, with
the highest level defined as those who were acutely ill and injured requiring immediate
physician involvement. The treating ED physician had the authority to decide whether a
patient needed a pediatric critical care consultation by telemedicine or telephone. If the
treating rural ED physician desired a consultation, the pediatric critical care physician

was contacted by pager, and either telemedicine or telephone consultation was provided.
Telemedicine consultations consisted of live, interactive, and high-quality audiovisual
communications between the remote ED physician and nurse, the pediatric patient, the
parent, and the Children’s Hospital pediatric critical care physician.1011

We determined 2 key parameters from the program: 1) telemedicine operational cost and

2) patient transfer rates. To obtain telemedicine operational cost, we collected actual cost
information on equipment, maintenance, and technical support. To obtain patient transfer
rates, we reviewed all telephone and telemedicine consultations made to the Children’s
Hospital using the hospital’s transfer center database, as well as a comprehensive review

of all participating rural ED log and transfer books. We reviewed all medical records to
obtain demographic information, including age, sex, race, and ethnicity, as well as discharge
diagnosis and variables required to calculate the Pediatric Risk of Admission Il (PRISA 1)
score.12

Cost Analysis

We calculated all medical expenditures from a health care payer perspective, which included
4 cost components per pediatric patient per year for each participating ED: telemedicine
operational cost, ED visit cost, patient transfer cost, and hospital treatment cost. The
telemedicine operational cost was the incremental cost over the baseline costs of telephone
consultations.

The telemedicine operational cost was calculated as

[Cost of telemedicine equipment and maintenance/ED/year| + [Cost of technical support/ED/year|
# of pateints receiving telemedicine consultations/ED/year
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where the cost of telemedicine equipment and maintenance was calculated as

Cost of telemedicine equipment and maintenance/ED
Year of medical equipment depreciation

and the cost of technical support was calculated as

[ Technician on call wage/hour] X [Hours of technical support/ED/year] .

We assumed a constant depreciation of telemedicine equipment over 5 years.13

The average rural ED visit charge was calculated by summing the total facility and physician
charges from the 2009 State Inpatient Databases (SID)* from the Healthcare Cost and
Utilization Project (HCUP).1° The SID contributes data to the Nationwide Emergency
Department Sample (NEDS)16 and contains information on patients receiving treatment in
the ED and admitted to the same hospital. The NEDS is a national database that collects
data on hospital-based ED visits, including ED charges. We calculated the average rural ED
visit cost using the cost-to-charge information from the 2009 HCUP, designed to be used
with the SID and the Kids’ Inpatient Database (KID).1” The KID is a national database

that collects administrative data, including hospital charge data, on a national probability
sample of inpatient stays for children. For patients who were transferred from the rural

EDs, we obtained the average patient transfer costs for the use of an air ambulance or
ground ambulance from previously published data.18 For patients who were admitted to a
hospital, we estimated the average hospital treatment costs for 5 common diagnoses: asthma,
bronchiolitis, dehydration, fever, and pneumonia. We selected these diagnoses because rural
clinicians and hospitals can sometimes manage these conditions without an obligate transfer
to a higher level hospital 1220 We also calculated the average hospital treatment costs from
the charge information and the cost-to-charge ratios from the 2009 HCUP.21 We calculated
these average hospital treatment costs based on where the patients were admitted (rural,
community, and tertiary hospitals).

Decision model—Figure 1 shows our decision model to evaluate the costs and
effectiveness of telemedicine consultations relative to telephone consultations provided by
pediatric critical care physicians among similar acuity-triaged children. The decision to
transfer a patient, the mode of transport (air or ground ambulance), and location of hospital
admission (rural, community, or tertiary hospital) were determined by the rural ED physician
after considering the consulting pediatric critical care physician’s recommendations. We
estimated the total costs for the 12 scenarios (Figure 1) differentiated by the consultation
type, patient disposition, transfer modality, and the hospital of admission. For example, the
total cost estimate for scenario 1 was the sum of the telemedicine operational cost, the rural
ED visit cost, the transfer cost for helicopter, and the hospital treatment cost in the tertiary
hospital.

Cost-Effectiveness Analysis

We evaluated the cost-effectiveness of telemedicine consultations compared with telephone
consultations using the decision model. We performed 2 types of CEA: 1) a conventional

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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CEA with base-case and sensitivity analyses and 2) a probabilistic CEA with Monte Carlo
simulation to measure the incremental cost-effectiveness ratio (ICER) expressed as the net
cost per transfer avoided. We used avoided patient transfer as the effectiveness measure to
be consistent with previously published economic evaluation studies in telemedicine.”-22-24
Table 1 describes the model parameters used in the base-case and probabilistic analyses.

The “baseline transfer rate” and “telemedicine transfer rate” indicated the proportion

of pediatric patients triaged at the highest acuity level who were transferred from the
participating rural ED to a higher level hospital following a telephone or telemedicine
consultation, respectively. We defined the “effectiveness of telemedicine” as the transfer
reduction rate, calculated as

Baseline trandfer rate — Telemedicine transfer rate
Baseline transfer rate ’

We obtained the cost measures used for the CEA from the cost analysis. The ICERS
represented the incremental cost per patient transfer avoided from the rural ED to a higher
level hospital. The ICERS were calculated as

[Costs of care for a patient receiving a telemedicine consultation] — [Costs of care for a patient receiving a telephone consultation|
[ #of patients not transferred after a telemedicine consultation | — [ #of patients not transferred after a telephone consultation |

Assuming a positive denominator, positive ICERs indicated costs were greater with
telemedicine consultations, while negative ICERs indicated telemedicine consultations were
cost-saving compared with telephone consultations. A threshold ICER value represents
society’s maximum willingness to pay, in the form of medical expenditures, for telemedicine
consultations to avoid a patient transfer. If the estimated ICER was less than a threshold
value, it would imply that telemedicine consultations were preferred to—and more effective
than—telephone consultations, considering the societal willingness to pay. Currently,
however, there is neither an established nor published ICER threshold value representing
society’s willingness to pay to avoid a patient transfer.

Base-case analysis and sensitivity analysis—We used point estimates for each
model parameter (Table 1) for the base-case analysis. First, we constructed a tornado
diagram to identify the most important and sensitive parameters, included in the base-case
analysis, that had most influence on the ICER. The diagram is a set of 1-way sensitivity
analyses presented in a single graph. The wider the bar on the tornado diagram, the

larger the potential influence on the ICER. For all the transfer rates, we applied the
minimum and maximum values derived from the programmatic data as the ranges. For

the hospital treatment costs, we applied the mean 1 standard deviation derived from the
KID as the ranges. We did not include the interfacility transportation costs in the tornado
diagram because of the limited published data and the inability to obtain reliable standard
deviations. Second, we performed 1-way sensitivity analysis and 2-way sensitivity analysis
to evaluate how the ICER was influenced by changing 2 key parameters: the effectiveness of
telemedicine and the number of acutely ill and injured children who received telemedicine
consultations per ED per year. In the 1-way sensitivity analysis, the ICER was influenced

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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by varying only 1 parameter. In the 2-way sensitivity analysis, the ICER was influenced by
varying both parameters simultaneously.

Probabilistic analysis with Monte Carlo simulation—We performed the Monte
Carlo simulation with a hypothetical cohort (5000 iterations) to estimate the ICER by
addressing the uncertainty of multiple model parameters simultaneously. We applied a beta
distribution for all transfer rates using the integer parameter only option in the TreeAgePro
2014 software (Williamstown, Massachusetts, USA). The values a and B in the beta
distribution were calculated as

a=r,f=n—r,

where 77represents the number of successes among 77 trials.

For example, for the baseline transfer rate (P_t_ph), r=56 and 77 = 64, and for the
telemedicine transfer rate (P_t_tele), r=43 and n=71 (Table 1).

We applied a gamma distribution for all of the cost parameters. The values a and B in the
gamma distribution were calculated as?®

where 4 = mean, S = standard deviation.

Since the air and ground ambulance interfacility transportation costs were obtained from
a single publication without standard deviation information, we assumed the standard
deviation to be the same value as the mean.2% We interpreted the simulation results under
different assumptions for the societal willingness to pay to avoid a patient transfer.

Return on Investment

When our CEA results demonstrated that telemedicine consultations were cost-saving under
the base-case and/or probabilistic analyses, we calculated the ROI as the ratio of the savings
from telemedicine consultations to the cost of telemedicine consultations. We calculated

the amount saved as the expected reduction in medical expenditures following telemedicine
consultations compared with telephone consultations. Specifically, the amount saved was
calculated as

[Medical expenditures following a telephone consultation/patient/ED/year|
— [Medical expenditures following a telemedicine consultation/patient/ED/year]|

The ROI was calculated as

Amount saved from telemedicine consultations per child/ED/year
Telemedicine operational cost per child/ED/year

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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All dollar values were adjusted to 2013 US dollars (USD) using the medical care
commaodities expenditure category of the Consumer Price Index from the US Bureau of
Labor Statistics.2” We performed all analyses using TreeAge Pro 2014. This study was
approved by the UC Davis Human Subjects Review Board.

Patient Demographics

Our primary data included 135 children who presented to the 8 rural EDs in the highest
triage category and received either a telemedicine or telephone consultation between January
2003 and December 2009 (Table 2). Of these children, 71 (52.6%) received telemedicine
consultations and 64 (47.4%) received telephone consultations. The children who received
telemedicine consultations were younger than those who received telephone consultations
(3.7 v. 5.4 years; P<0.05). The 2 groups were otherwise similar with regard to their sex,
race and ethnicity, and diagnosis at discharge.

Cost Analysis

The cost for telemedicine equipment and maintenance was $3004 per ED, per year, and the
cost for technical support was $2675 per ED, per year. The average annual telemedicine
consultation cost was $3641 per consultation, per child, per ED and ranged from $1656 to
$28,399 among the 8 participating EDs.

Cost-Effectiveness Analysis

Base-case analysis—Sixty-one percent of the children who received telemedicine
consultations and 88% of children who received telephone consultations were transferred to
a higher level hospital. Based on these data, the effectiveness of telemedicine consultations
was 31%. The negative ICER under the base-case analysis (Table 3) indicated telemedicine
consultations were cost-saving compared with telephone consultations.

One-way sensitivity analysis—From the tornado diagram (Figure 2), the parameter
with the largest impact on the ICER was the effectiveness of telemedicine. The parameters
on the transfer rate with air ambulance with telephone consultations (P_a_ph), the transfer
rate with ground ambulance to tertiary hospital with telephone consultations (P_gt_ph),
and the transfer rate with air ambulance to tertiary hospital with telephone consultations
(P_at_ph) had the larger impacts on the ICER.

Table 3 also demonstrates that the ICER was sensitive to changes in the effectiveness of
telemedicine. The more effective telemedicine was at reducing transfer rates, the lower

the ICER (i.e., preferring telemedicine consultations). Assuming a modest reduction in
transfer rates following telemedicine consultations, or a telemedicine effectiveness of

25%, telemedicine consultations were more costly than telephone consultations by $1295
per patient transfer avoided. When the effectiveness of telemedicine exceeded 26.5%,
telemedicine consultations were always cost-saving, resulting in fewer patient transfers and
lower overall costs.

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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Two-way sensitivity analysis—Figure 3 shows our 2-way sensitivity analysis, varying
the 2 key parameters: 1) the effectiveness of telemedicine and 2) the number of acutely ill
and injured children who received telemedicine consultations per ED per year. This figure
indicates that telemedicine consultations were preferred because they were cost-saving
(compared with telephone consultations) for more than 90% of the feasible combinations

of these 2 key parameters. Figure 3 also suggests 2 thresholds for the cost-effectiveness

of telemedicine. First, when the effectiveness of telemedicine exceeded 24%, telemedicine
consultations were preferred to telephone consultations (i.e., telemedicine consultations
were more effective and less costly and hence cost-saving) as long as there were more than
2 children receiving a telemedicine consultation per ED per year. Second, if the effectiveness
of telemedicine exceeded 14% and more than 10 acutely ill and injured children received
telemedicine consultations per year, telemedicine was preferred and resulted in cost-savings.

Probabilistic analysis with Mont Carlo simulation—Assuming a willingness to pay
of $0 to avoid 1 patient transfer, telemedicine consultations were cost-saving and hence
preferred in 57% of 5000 iterations of the Monte Carlo simulation. When the willingness
to pay increased from $0 to $5000, the likelihood that telemedicine was preferred increased
from 57% to 71%.

Return on Investment

Table 4 summarizes the ROI results of our telemedicine program. In the base-case analysis,
the average amount saved from the use of telemedicine due to a relevant reduction in
medical expenditures was $4662 per consultation while the cost was $3641 per child, per
ED, per year. As a result, the ROl was 1.28 ($4662/$3641). The estimated mean ROI from
the probabilistic analysis was 1.96 (95% confidence interval: 0.17, 6.24), suggesting a $1.96
return for each dollar invested in telemedicine. When 10 acutely ill and injured children
were treated in the rural ED each year using telemedicine, the estimated cost-savings for
each ED was $46,620 per year.

DISCUSSION

In this study, using data specific to the UC Davis Pediatric Critical Care Telemedicine
Program serving small rural EDs, we estimated the average cost of a pediatric critical care
telemedicine consultation to be $3641 per child, per ED, per year. However, considering
this cost in combination with the costs resulting from patient transfer decisions (i.e., costs
of transport and hospitalization at the referral hospital), we determined that for a variety of
scenarios, the telemedicine program was more effective and resulted in lower overall health
care costs from a health care payer perspective compared with telephone consultations
provided among similar acuity-triaged patients. Because telemedicine consultations were
cost-saving under both base-case CEA and more than half of the probabilistic CEA (57%),
we reported the ROI as the primary result. Our calculated ROI was 1.28 with an annual
saving of $46,620 when 10 children received telemedicine consultations at a rural ED.

Our findings that telemedicine consultations resulted in a reduction of patient transfers and
cost-savings are similar to other studies evaluating the impact of telemedicine consultations
in other clinical settings. Others have reported a cost-saving of $4838 (2013 USD) per

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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avoided transfer among infants in a telecardiology program,’ $47,440 (2013 USD) per
hospital per year among acute ischemic stroke patients in a telestroke program,28 and
$48,435 (2013 USD) per health system per year among infants in an acute care telemedicine
program.2® Our ROI findings were also similar to the evaluation of a tele—-mental health
program conducted by Lokkerbol et al,39 who also found telemedicine to be favorable and
cost-effective compared with telephone consultations.

There are several notable strengths to our study. First, this is the first economic study to
evaluate the costs, effectiveness, and ROI of a pediatric telemedicine program providing
pediatric critical care consultations to children treated in rural EDs. Second, the patient
transfer rates were calculated based on actual experience from the telemedicine program,
and hospital costs were based on regional and national data sets, respectively. The use

of actual data in our model parameters was therefore more likely to produce results

with good internal and external validity. Third, our telemedicine program was cost-saving
or cost-effective due to a reduction in patient transfers from rural EDs to higher level
hospitals, which is consistent with clinicians’ views that patients from remote EDs are often
overtransferred to be on the side of caution due to the lack of access to specialists.3:31:32
Finally, we used probabilistic CEA with Monte Carlo simulation to evaluate the parameter
uncertainties of our results.

Our study has several limitations. First, the patients included were not randomly assigned to
receive telephone or telemedicine consultations, which could have resulted in selection bias;
however, we inclusively sampled all acutely ill and injured children who were in the highest
triage level, and our 2 cohorts had similar diagnostic profiles. Second, our results might not
have accurately represented other pediatric telemedicine programs providing similar clinical
services to other EDs across the nation. Furthermore, because there may have been missed
opportunities to obtain more telemedicine consultations, the telemedicine operational costs
could have been better shared and therefore the telemedicine operational costs lowered.

The reason for the relatively low telemedicine utilization is because our program focused
on small, underserved rural hospitals with low pediatric ED volumes. Finally, while the

use of telemedicine resulted in a reduction of the overall transfer rate and potentially more
informed transfer decisions, the absence of patient follow-up data did not allow us to assess
whether patients experienced postdischarge health problems or required additional hospital
or clinic visits as a result of not being transferred.

CONCLUSIONS

Our study demonstrates that providing pediatric critical care consultations to acutely ill and
injured children presenting to rural EDs using telemedicine results in fewer interfacility
transports and reduces overall health care costs. We found telemedicine consultations to

be cost-saving (base-case and more than half of Monte Carlo simulation iterations) or
cost-effective from a health care payer perspective compared with telephone consultations,
the current standard of care. Our study findings have important implications for clinicians,
health administrators, and policy makers considering implementing similar telemedicine

Med Decis Making. Author manuscript; available in PMC 2022 December 07.
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are models for children living in rural communities facing disparities in access to specialist

physicians.
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Figurel.

Decision tree with observed patient transfer rates and cost components in the base-case
analysis. *The effectiveness measure was avoided patient transfers after children received
telemedicine or telephone consultations. 0 = patient transfers, 1 = avoided patient transfers.
TThe total cost estimate for scenario 1: telemedicine operational cost + rural emergency
department (ED) visit cost + air ambulance transfer cost + tertiary hospital treatment cost.
The total cost estimate for scenario 2: telemedicine operational cost + rural ED visit cost +
air ambulance transfer cost + community hospital treatment cost. The total cost estimate for
scenario 3: telemedicine operational cost + rural ED visit cost + ground ambulance transfer
cost + tertiary hospital treatment cost. The total cost estimate for scenario 4: telemedicine
operational cost + rural ED visit cost + ground ambulance transfer cost + community
hospital treatment cost. The total cost estimate for scenario 5: telemedicine operational cost
+ rural ED visit cost + rural hospital treatment cost. The total cost estimate for scenario

6: telemedicine operational cost + rural ED visit cost. The total cost estimate for scenario
7: rural ED visit cost + air ambulance transfer cost + tertiary hospital treatment cost. The
total cost estimate for scenario 8: rural ED visit cost + air ambulance transfer cost +
community hospital treatment cost. The total cost estimate for scenario 9: rural ED visit cost
+ ground ambulance transfer cost + tertiary hospital treatment cost. The total cost estimate
for scenario 10: rural ED visit cost + ground ambulance transfer cost + community hospital
treatment cost. The total cost estimate for scenario 11: rural ED visit cost + rural hospital
treatment cost. The total cost estimate for scenario 12: rural ED visit cost.
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Figure2.
Tornado diagram representing the influence on the incremental cost-effectiveness ratios from

a set of 1-way sensitivity analyses. The variable with the widest bar on the top indicates
it has the largest potential influence on the incremental cost-effectiveness ratio. USD, US
dollars.
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Figure 3.

Two-way sensitivity analysis evaluating telemedicine effectiveness and patient volume when
the willingness to pay is $0. ED, emergency department.
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