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Abstract

Background: This study undertakes an economic analysis of presurgical teledermatology from a patient perspec-
tive, comparing it with a conventional referral system. Store-and-forward teledermatology allows surgical planning,
saving both time and number of visits involving travel, thereby reducing patients’ out-of-pocket expenses, i.e. costs
that patients incur when traveling to and from health providers for treatment, visits'fees, and opportunity cost of time
spent in visits. to The study quantifies the opportunity costs and direct costs of visits for adults waiting for dermatol-
ogy surgery.

Method: This study uses a retrospective assessment of 123 patients. Patients’ out-of-pocket expenses of presurgical
teledermatology were analyzed in the setting of a public hospital over 2 years. The teledermatology network covering
the area served by the Hospital Garcia da Horta, Portugal, linked the primary care centers of 24 health districts with
the hospital's dermatology department. The patients opportunity cost of visits and direct costs of visits (transport
costs, and visits'fee) of each presurgical modality (teledermatology and conventional referral), were simulated from
initial primary care visit until surgical intervention. Two groups of patients, those with Squamous Cell Carcinoma and
those with Basal Cell Carcinoma, were distinguished in order to compare the patients’ out-of-pocket expenses accord-
ing to the dermatoses.

Results: From a patient perspective, the conventional system was 2.12 times more expensive than presurgical
teledermatology. Teledermatology allowed saving €0.74 per patient and per day of delay avoided. This saving was
greater in patients with Squamous Cell Carcinoma than in patients with Basal Cell Carcinoma. Although, the probabil-
istic sensitivity analysis corroborates the results of the base case scenario, only a prospective study can substantiate
these results.

Conclusion: In the Portuguese public healthcare system and under specific cost hypotheses, from a patient eco-
nomic perspective, teledermatology used for presurgical planning and preparation is the dominant strategy in
terms of out-of-pocket expenses, outperforming the conventional referral system, especially for patients with severe
dermatoses.
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Background

Time spent seeking healthcare represents a burden to
patients, lost productivity to employers and society, and a
potential inefficiency within healthcare systems. Oppor-
tunity costs, which value patient time based on the value
of forgone activities are one method of estimating patient
time costs of visits [1, 2]. Opportunity costs are increas-
ingly relevant given the increasing emphasis on patient-
centered care [3], and the recognition that telemedicine
in healthcare delivery options may reduce patients’ bur-
den regarding time and expenses.

One of the specialties in telemedicine, teledermatol-
ogy (TD) appears as a way to implement dermatological
healthcare to underserved areas and populations. Tel-
edermatology may be achieved by videoconference or
store-and-forward. In the former, videoconference equip-
ment is used to connect a patient with a remote consult-
ant. In store-and-forward, specialists assess a transmitted
still image. Using teledermatology patients do not have
to visit the dermatologists physically. By avoiding the
need for clinic-based visits, teledermatology also saves on
societal costs that are associated with patients’ travel and
workplace absenteeism [4, 5]. Teledermatology not only
decreases appointment waiting times and the amount of
time needed for a consultation, but also reduces trans-
portation costs and loss of productivity [6]. While most
literature reports fewer in-person appointments, teleder-
matoogy can increase the overall appointment burden for
some patients. This depends on the type of teledermatol-
ogy (videoconference or store-and-forward) and on the
health system in which it is implemented [7, 8].

Poor health outcomes can result if at least one of the
following condition is met: the waiting time for der-
matology treatment increases, costs of visits (opportu-
nity costs and direct costs) increase, the patient’s health
deteriorates [9-12], the patient tends to withdraw from
treatment because (s)he cannot afford the cost of visits
[13-16]. Teledermatology reduces the negative effect(s)
associated with these risks. Especially for chronic
patients, patient-assisted follow-up care at home avoids
traveling to a physician and long appointments during
work time.

Teledermatology has been shown to be more effective
in the management of circumscribed and tumoral lesions
than in patients with generalized dermatoses [17]. In
patients with skin cancer, store-and-forward telederma-
tology has been shown to be an effective triage tool that
reduces the time to an initial intervention in the special-
ized dermatology service [18—23]. Presurgical telederma-
tology using a store-and-forward system may establish a
correct diagnosis and even obtain sufficient information
to plan a surgical intervention [24, 25]. Consequently, in
the field of surgical dermatology, teledermatology offers
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added value as a complementary tool for the assessment
and presurgical management of patients.

In the context of the regional hospital setting and from
patients’ perspective, this study seeks to compare out-
of-pocket expenses between patients whose routine care
was carried out using a store-and-forward teledermatol-
ogy system and conventional referral system. It identifies
and simulates out-of-pocket expenses borne by presurgi-
cal dermatology patients. Out-of-pocket expenses refers
to the direct payment of money for seeking healthcare.
This comprises the direct costs of visits such as transport
costs and visit fees, and the opportunity cost of visits,
including the time away from paid work, devoted instead
to visiting the primary care provider (PCP) or hospital.
This study also quantifies the out-of-pocket expenses per
day of wait time for presurgical teledermatology when
compared to the conventional referral system.

Methods

The teledermatology network covering the area served
by the Hospital Garcia da Horta in Almada, Portugal,
links the primary care centers (PCP) of 24 health dis-
tricts with the hospital’s dermatology department via the
corporate intranet of the Portuguese healthcare system.
Store-and-forward teledermatology is currently being
used as a complementary tool for the triage of patients
and the management of patient referral from the primary
care center to the hospital in the Portuguese National
Health System. Following the first visit to a general prac-
titioner (GP) at PCP, digital pictures of patients who
agreed to store-and-forward teledermatology were taken
and transmitted to the hospital via intranet. Alternatively
some patients were referred to a dermatology visit at the
hospital. In total, 153 patients were treated but 30 did not
require surgical intervention. This study therefore uses a
sample of 123 presurgical cases (falling between Febru-
ary of 2016 and January of 2018). A retrospective assess-
ment was made of the clinical course of 53 patients who
were managed with hospital’s dermatologist visits and 70
patients who were managed with store-and-forward tel-
edermatology from initial primary care consultation until
the surgical intervention.

Activity map for Surgical Intervention

The first step was to map all of the activities involved
in the process until surgical intervention (see Fig. 1).
This study focuses on the patients’ out-of-pocket
expenses, and the costs of neither the direct health
care expenditures (health care procedures and inter-
ventions) nor the indirect health care costs (telecom-
munications, information technology, and digital
photography equipment) were included in the analysis.
All patients visited their GP at the PCP. As shown in



de Mello-Sampayo Cost Eff Resour Alloc (2019) 17:18

Page 3 of 8

Visit to GP at PCP Intermediate Visits Surgical Intervention
-V . . .
o Dermatologist Diagnosis
2 Internet Request Presurgical documentation and preparation ) .
S . Hospital Garcia da
£ of Dermatologist —m - H
. . - \
.;.‘: Diagnosis 14 f Hospital | orta
o Vs, | Dermatologist i _____________
] - e, o ormatologlst. sennees
! — = Opportunity ~*1 Visit & Diagnosis |Opportunity Cost!
W\ i Cost [ smmmmooooomooood | Travel Cost 1
\Qa_{:/ Travel Cost i Visit Fee 1
Visit Fee A g
=
g
S Requestor
~ equest o Hospital Pr i
; esurgical . .
Té D HOS%)I;:al st Dermatologist documentation and Hospital Garcia da
ermatologis .. . . .
2 g Visit & Diagnosis preparation Horta
P
= - Opportunity = Ny Opportunity
8 '\‘\‘ f \,‘ Cost “‘\ ,‘ /\ Cost
N\ n Travel Cost ANSEPSA Travel Cost
Noa?’
Visit Fee Visit Fee
Legend: General practitioners (GP); Primary care provider (PCP); §_#* Extra visit.
Fig. 1 Activity map for surgical intervention of teledermatology and conventional referral systems. GP: General practitioners; PCP: primary care
provider; extra visit

Fig. 1, patients who were managed with store-and-for-
ward teledermatology needed to visit only PCP before
surgical intervention, while those who were managed
with conventional care had to visit both PCP and hos-
pital before surgical intervention.

On the basis of this activity map, a specific cost was
assigned to each visit involved in the process. Patients’
out-of-pocket expenses of a visit included visit fees,
the cost of travel, and the opportunity cost associ-
ated with wages lost during the visit. There were 15
patients using teledermatology who were called for an
extra visit to the hospital before surgical intervention,
and four patients using conventional care who were
called for an extra visit. This is illustrated in Fig. 1 by
the dashed arrow.

Since one of the stated objectives of the telederma-
tology system is to reduce time to surgery, two sub-
groups were also analyzed. The first of these included
the patients with lesions suspected of being malignant
(Squamous Cell Carcinoma and Melanoma) and the
second comprised those who presented the most com-
mon lesion among the patients under study (Basal Cell
Carcinoma). This comparison allows us to analyze the
importance of reduction of time to surgery according
to skin lesions.

Data

Table 1 shows the input data collected from the retro-
spective assessment of the clinical course of 123 patients.
Number of visits corresponds to the total visits the
patient made between the initial primary care consulta-
tion and the surgical intervention. For both consultation
types, wait time was defined as the number of calendar
days that elapsed between the initial primary care con-
sultation and the surgical intervention. The distance in
kilometers (km), based on patients’ zip code, was used
in order to calculate in google maps the travel distance
from home to the PCP and to the hospital. Patients’ ages
ranged between 22 and 94 years old. This study therefore
refers to working and retired adults.

Key assumptions

The exact means of transportation that patients used
for traveling to visits was not available; as a result it was
proxied by taxi since anyone could use a taxi to travel
1 km or 20 km, from city center or from suburbs, allow-
ing a comparison of transport costs among patients. The
travel cost was based on the official published fares for
Portuguese Taxi transportation [26] by both kilometer
and day fare, which was then multiplied by travel dis-
tance in kilometers.
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Total patients (123)

Presurgical TD patients (70)

Presurgical CR patients (53)

Mean Stdev Min Max Mean Stdev Min Max Mean Stdev Min Max
Number of visits 1.59 0.56 1 3 121 041 1 2 2.08 0.27 2 3
Wait time (days) 103.33 73.14 9 435 86.09 57.62 9 309 126.11 84.95 11 435
Distance to PCP (km) 384 5.70 1.00 37.70 3.82 431 1.00 22.50 3.86 7.18 1.00 37.70
Distance to hospital (km) 12.79 2048 1.20 163.00 10.58 9.07 1.20 44,50 15.72 29.33 1.20 163.00
Age 68.64 14.72 22 94 67.37 15.20 25 94 70.32 14.02 22 93
Gender Men (62); Women (61) Men (35); Women (35) Men (27); Women (26)

TD: Teledermatology; CR: conventional referral; PCP: primary care provider

Table 2 Out-of-pocket expenses per patient identification analysis

Total patients (123)

Presurgical TD patients (70)

Presurgical CR patients (53)

Mean Stdev 95% ClI Mean Stdev 95% ClI Mean Stdev 95% ClI
Low High Low High Low High
Opportunity cost of visits (€) 10.74 13.78 8.30 1317 7.21 8.66 5.19 9.24 1539 17.54 10.67 20.11
Direct costs of visits
Visit fees (€) 10.02 3.05 9.48 10.56 8.50 2.89 7.82 9.18 12.03 1.87 11.53 12.53
Transport cost (€) 2378 26.74 19.05 28.50 14.31 9.81 12.01 16.60 36.29 3564 26.69 45.88

TD: Teledermatology; CR: conventional referral; PCP: primary care provider

The estimation of the opportunity costs for adults was
based on mean wage and time spent on visits. Total time
per visit comprised travel time and visit time to PCP or to
hospital. Employers in Portugal do not pay for time not
worked and spent in PCP or hospital visits. Retirement-
age patients (>70) were not assigned an opportunity cost
since they do not work. Neither the specific wage nor the
employment situation were available for the individual
patients. As a result, calculating the opportunity cost of
visits, i.e. loss of pay during the visits was based on the
Portuguese average wage [27]. This study used an aver-
age 121 min for total time per visit (with 37 min of travel
time and 84 min of clinic time including both waiting and
face-to-face time), estimated for ambulatory medical care
[28].

All patients in the study are in the public national
health system (NHS) and are assumed to pay the regu-
lated basic visit fees (as per Directive no. 64-C/2016,
Diério da Republica no. 63/2016) [29]. The basic fee of
visiting general practitioners (GPs) at PCP is €4.5 and the
fee for a visit of a specialist at the hospital is € 7.0. For the
teledermatology diagnosis, this study used the basic fee
of a hospital’s visit without patient (€2.5).

Wait time was defined as the number of calendar days
that elapsed between the initial primary care consultation
and the surgical intervention. Taking into account the
mean wait times for surgery in both presurgical TD and

the conventional referral system reported in Table 1, the
out-of-pocket expenses per day of wait time saved was
calculated as the difference in out-of-pocket expenses
relative to the difference in wait time between presurgical
teledermatology and convention referral.

Results

The results of the identification of out-of-pocket
expenses are shown in Table 2. Total patients’ mean cost
of travel was €23.78. Presurgical TD patients paid €14.31
and presurgical CR patients paid €36.29 in travel costs.
The difference in the cost of travel between the opportu-
nity cost of using presurgical TD and using the conven-
tional process was large and significant (P <0.001). The
mean opportunity cost of visits was €10.74 to all patients
analyzed. The mean opportunity cost of visits was €15.39
to patients in the conventional referral system and €7.21
in the presurgical. Significant differences were found
between the opportunity cost of presurgical modalities
(P<0.001). The mean visit fee was €10.02. There was a
difference of €4 between the modalities’ fees, which was
found to be significant (P <0.001).

Table 3 shows the detailed out-of-pocket expenses of
patients managed by either presurgical TD or the con-
ventional referral system until the surgical interven-
tion. The first column shows the results for all patients
and the results for the two subgroups analyzed: patients
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Presurgical modality All Squamous cell carcinoma? Basal CELL carcinoma
Presurgical TD Presurgical CR Presurgical TD Presurgical CR Presurgical TD Presurgical
patients patients patients patients patients CR patients

Opportunity cost of visits (€) 7.21 15.39 353 6.36 10.22 14.71

Direct costs of visits

Visit fees (€) 8.50 12.03 13.46 5447 17.80 39.18
Transport cost (€) 14.31 36.29 933 11.50 9.95 12.38

Out-of-pocket expenses (€) 30.02 63.71 26.33 7233 37.97 66.27

TD: Teledermatology; CR: conventional referral; PCP: primary care provider

2 Includes patients with Melanoma

Table 4 Parameters for the probability sensitivity analysis

Presurgical TD patients (70) Presurgical CR patients (53)
Gamma Mean Stdev Range Gamma Mean Stdev Range
Dist.? Dist.?
Min Max Min Max

Opportunity cost of visits (€) y (0.69,0.10) 7.33 8.89 0.00 103.4 v (0.77,19.98) 15.26 17.01 0.00 184.8

Direct costs of visits

Visit fees (€) y (8.63,1.02) 10.02 3.05 1.51 2629 Y (4152029 12.03 1.87 597 20.18
Transport cost (€) y (2.13,0.15) 2378 26.74 0.09 80.69  y(1.04,35.00) 36.02 3523 0.00 3053

2 The parameters used in the Gamma distribution: y (, 8) where « = Mean? /Stdev? and B = Stdev?/Mean? using the mean and variance of the population under

analysis

with Squamous Cell Carcinoma and with Basal Cell
Carcinoma are shown in the second and third columns,
respectively.

The ratio between the two modalities shows that for all
patients, conventional care was 2.12 times more costly to
the patients than presurgical TD. In the group of patients
who had Squamous Cell Carcinoma, conventional care
was 2.75 times more costly, while, in the group of those
with Basal Cell Carcinoma, conventional care was 1.75
times more expensive than presurgical TD.

Sensitivity analysis

To test the robustness of our cost analysis, sensitiv-
ity analysis was carried around the assumed transport
costs, as taxis are often considerably more expensive
than public transport or self-driving. Sensitivity analy-
sis was carried out on the opportunity cost as the wage
rates and employment situations were not available; and
on visit fees, as patients that are exempted from paying
basic fees, such as pregnant women and the unemployed
were not considered. The ranges used for the Probability
Sensitivity Analysis are reported in Table 4. Parameters
were assigned a distribution according to the methodol-
ogy suggested by Briggs et al. [30]. Those authors sug-
gest using the Gamma distribution for costs where
parameters are non-negative. The results of the base case

scenario were confirmed (see Fig. 2) after 10,000 simula-
tion draws of the mean of the out-of-pocket expenses.

Out-of-pocket Expenses per day of wait time saved

Table 5 shows that presurgical TD was found to be a bet-
ter strategy than the conventional consultation process,
with a saving of €0.74 per patient and per day of wait time
avoided. This saving was much greater for patients with
Squamous Cell Carcinoma than for patients who had
Basal Cell Carcinoma (€4.35 compared to €0.38).

Discussion
The economic analysis provides information from a series
of patients whose routine care was carried out using a
store-and-forward teledermatology system and conven-
tional referral system for presurgical assessment in a Por-
tuguese public healthcare setting equipped with intranet.
In the context of the regional hospital setting and the
patients’ perspective adopted in the analysis, this study
shows store-and-forward teledermatology to be an eco-
nomically advantageous method for the patients involved
in the presurgical assessement and management. Consid-
erable differences were found between the out-of-pocket
expenses using presurgical TD and the conventional pro-
cess. Overall, presurgical TD was 2.12 times less costly
than the conventional referral system for patients having
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Table 5 Out-of-pocket expenses and time of treatment analysis

Presurgical modality All patients Squamous cell carcinoma Basal cell carcinoma®
Presurgical TD  Presurgical CR  Presurgical TD  Presurgical CR  Presurgical TD  Presurgical
patients patients patients patients patients CR patients

Out-of-pocket expenses (a) (€) 26.34 55.85 2633 7233 3797 66.27

Wait time (days) (b) 86.09 126.11 66.22 76.80 91.74 166.08

Delta out-of-pocket expenses (Aa) (€) —295 —46.0 —283

Delta wait time (days) (Ab) —40.03 —10.58 — 7435

Out-of-pocket expenditure per Wait Time 0.74 435 038

Saved (Aa/Ab) (€)

TD: Teledermatology; CR: conventional referral; PCP: primary care provider

2 Includes patients with Melanoma

surgical intervention (€30.02 per patient compared to
€63.71 per patient). Table 3 also shows that the expenses
fell substantially among patients with Squamous Cell
Carcinoma, making presurgical TD 2.75 times less costly
than conventional care (€26.33/patient compared to
€72.33/patient). For patients with Basal Cell Carcinoma,
presurgical TD is 1.75 times less costly than conventional
care.

In the 123 cases in this study, the mean age of the
patients was 68.64 years (95% confidence interval [CI],
66.04—71.24 years; range 22—94 years), and there were
approximately the same number of men (50.4%) as

women (49.6%), see Table 1. The observed difference
between the sample means is not considerable to say
that the average age and gender between presurgical
TD and conventional referral patients differ. Patients
who were managed using teledermatology made on
average one visit before surgical intervention. Presur-
gical CR patients made on average two visits before
surgery. The mean time to surgical intervention for the
patients managed by presurgical TD was 86.09 days.
In the group managed using the conventional process,
mean time to surgery was 126.11 days.
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There were 15 patients using teledermatology who were
called for an extra visit to the hospital before surgical
intervention, and four patients using conventional care
who were called for an extra visit. Systematic reviews
show that there is good diagnostic agreement when
comparing a teledermatology diagnosis and in-person
clinical diagnosis or histopathology with traditional face-
to-face consultations [31]. However, several factors may
directly impact the reliability of teledermatology, includ-
ing proper imaging, comprehensive relevant history, and
skills of the teledermatologists and referring physicians
[32]. The difference of extra visits between the two sys-
tems could reflect the fact that a lack of sufficient infor-
mation to plan the surgical intervention is more frequent
in teledermatology than in the conventional method.

The economic results of the use of teledermatology
have been analyzed in earlier studies [2, 4-6, 25, 33].
From the point of view of out-of-pocket expenses, there
has been no prior analysis of the use of teledermatology
in presurgical assessment and management. The eco-
nomic analysis of presurgical teledermatology in patients
with nonmelanoma skin cancer by Ferrandiz et al. [25]
found the conventional system to be 1.78 times more
expensive than presurgical teledermatology. However,
comparisons to their results should not be made because
their travel costs took into account the type of transpor-
tation used (public, private, or medical transport) and
the cost incurred through loss of wages used the mini-
mum wage. Also, their study included direct and indirect
healthcare costs.

The expenses relative to wait time difference sug-
gested a €0.74 saving per patient and per day of wait
time avoided for patients using presurgical TD. This
saving was substantially greater for patients with Squa-
mous Cell Carcinoma and lower for patients with Basal
Cell Carcinoma (€4.35 and €0.38 per patient and per
day of wait time avoided, respectively). The saving was
greater among patients with Squamous Cell Carcinoma
because this calculation is based on the reduction in wait
time. Patients with Squamous Cell Carcinoma generally
required close medical follow-up, giving rise to a reduc-
tion in the difference of waiting times between the two
modalities, decreasing the mean wait time difference.
Furthermore, two patients with Squamous Cell Carci-
noma under presurgical TD system required an extra
visit to the hospital, which made it more expensive, and
thus closer to conventional care.

The study has several limitations, the most important
of which concerns the quality of data entered into the
model. It was assumed that all patients traveled by taxi,
and some patients may have traveled by other means of
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transportation, namely bus or private transport. This may
overestimate the transport cost, as taxis are an expensive
means of transportation when compared to public or pri-
vate transport. Patients who had difficulties in traveling
to the hospital (bedridden patients and those in other
incapacitating situations) and who required home treat-
ment and medical transport were not taken into account.
This may underestimate the travel cost. Companions of
patients were not taken into account in the calculation of
the expense associated with travel and lost wages. This
may underestimate the out-of-pocket expenses. Unem-
ployed and or chronically ill patients were not taken into
account when calculating the opportunity cost of visits.
This may have overestimated the opportunity cost. The
real patient salaries and exact time spent traveling to,
from, and during visits were not available, so the oppor-
tunity cost was calculated based on average wages and
average time spent on visits, which weakens the valid-
ity of the results. Finally, the allocation of patients to the
subgroups was not random and, therefore one has to be
attentive to the potential bias in the analysis between
subgroups. Despite these drawbacks, which are typical of
most model-based economic evaluations, our study helps
to clarify the often contradictory research in the field of
economic evaluation of teledermatology.

Future research

This study would benefit from the greater accuracy of
data that a prospective study would afford. In particular,
a prospective study would allow knowing how to quan-
tify the value of time, especially for the unemployed and
retired patients. It would also allow studying the impact
of teledermatology on the quality of life and the quality
of care attached to teledermatology as perceived by the
patients.

Conclusion

The results of this study suggest that in the Portuguese
public healthcare system and under specific cost hypoth-
eses, store-and-forward teledermatology applied to the
preparation and presurgical planning is the dominant
strategy in terms of out-of-pocket expenses, outperform-
ing the conventional face-to-face process.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512962-019-0186-3.

[ Additional file 1. Data used to estimate out-of-pocket expenses. ]
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