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Impact of teledermatology on the
accessibility and efficiency of

dermatology care in an urban safety-net
hospital: A pre-post analysis
Adam Zakaria, BA,a Toby Maurer, MD,b,c George Su, MD,c,d and Erin Amerson, MDb,c

San Francisco, California
Background: Teledermatology enables dermatologists to remotely triage and evaluate dermatology
patients, but previous studies have questioned whether teledermatology is clinically efficient.
Objective: To determine whether implementation of a teledermatology system at the Zuckerberg San
Francisco General Hospital and Trauma Center has improved the accessibility and efficiency of
dermatology care delivery.
Methods: Retrospective, pre-post analysis of a pre-teledermatology cohort (June 2014-December 2014)
compared with a post-teledermatology cohort (June 2017-December 2017).
Results: Our analysis captured 11,586 patients. After implementation of teledermatology, waiting times for
new patients decreased significantly (84.6 days vs 6.7 days; P \ .001), total cases evaluated per month
increased significantly (754 vs 901; P = .008), and number of cases evaluated per dermatologist-hour
increased significantly (2.27 vs 2.63; P = .010). In the post-teledermatology period, 61.8% of tele-
dermatology consults were managed without a clinic visit.
Limitations:We were unable to control for changes in demand for dermatology evaluations between the 2
periods and did not have a control group with which to compare our results.
Conclusion: The dermatology service was more accessible and more efficient after implementation of
teledermatology, suggesting that capitated health care settings can benefit from implementation of a
teledermatology system. ( J Am Acad Dermatol 2019;81:1446-52.)

Key words: access; appointments avoided; efficiency; store-and-forward; teledermatology; telehealth;
telemedicine; underserved populations.
T
eledermatology has become an increasingly
used modality to deliver dermatology ser-
vices. Analyses of teledermatology pro-

grams throughout different health care systems
have demonstrated improved patient access, as
measured through shorter waiting times,1-5 with
comparable diagnostic accuracy compared with in-
person clinic appointments.6-8 Teledermatology has
also received positive reviews from patients6,8-10 and
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providers.9-11 However, whether teledermatology
leads to greater efficiency within a health care system
remains unclear. Many studies have claimed
improved efficiency based on the percentage of
dermatology clinic visits avoided,3,4,8,12,13 but eco-
nomic analyses of teledermatology systems have
demonstrated mixed results in cost-effective-
ness.4,5,13-20 Furthermore, few studies have analyzed
teledermatology systemswithin capitated health care
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systems, such as county and Veterans Administration
hospitals, that would benefit most from improved
efficiency.1,2,5,11,12 We sought to address these gaps
by analyzing the teledermatology system at
Zuckerberg San Francisco General Hospital and
Trauma Center (ZSFG).
CAPSULE SUMMARY

d Previous analyses of teledermatology
have demonstrated improved access to
care but inconsistent changes to the
effectiveness of dermatology care
delivery. We observed increased patient
accessibility and improved clinical
efficiency after implementation of
teledermatology.

d Large, closed health care systems
may benefit from using teledermatology
to triage and manage patients.
METHODS
Study setting

The ZSFG Dermatology
Clinic is the primary referral
site for skin-related diseases
for San Francisco Health
Network. The San Francisco
Health Network, including
ZSFG, is owned and sup-
ported by the San Francisco
Department of Public Health.
ZSFG cares for a population
of approximately 150,000
San Francisco residents per
year, with most being pub-
licly insured. Health care ser-
vices are delivered primarily
through a capitation pay-

ment arrangement.

Teledermatology program
The ZSFG teledermatology program was intro-

duced through a 2-year phased implementation plan
(January 2015 through December 2016). Before
January 2015, all patients referred to the dermatology
clinic were given appointments on a first-come, first-
served basis without preclinic case review.

The teledermatology program was designed as a
‘‘triage’’ service for all nonemergent dermatology
referrals. Referring clinic personnel were trained to
use the teledermatology system through 2 group
training sessions. Digital point-and-shoot cameras
(Powershot ELPH 115 IS camera, Canon U.S.A,
Melville, NY) were provided to each referring
clinic. Referring providers upload images and
consult questions through a web-based telemedi-
cine platform (Medweb, version 7.0.11, San
Francisco, CA).

During a dedicated weekly session, a team of 3 to
4 dermatology residents and an attending dermatol-
ogist meet to review teledermatology cases. Cases
are first reviewed on the computer by a resident and
then presented to the attending, who helps finalize
the assessment and plan in the telemedicine plat-
form. An electronic consult is generated for the
referring provider with the expectation that
the referring provider will implement the initial
workup and treatment plan when necessary. The
telemedicine platform also generates electronic
communications to dermatology clinic staff to
schedule patients approved for clinic visits.

Integration enhancements were made with the
telemedicine platform to allow for autopopulation of
patient identifiers from the electronic health record
and for distribution of report completion notifica-
tions to referring providers.
Furthermore, integration
with an enterprise imaging
platform (Imaging Clinical
Information System [ICIS],
Agfa HealthCare, Mortsel,
Belgium) allowed for images
acquired through the tele-
medicine platform to be
archived into our hospital
picture archiving and com-
munication system.

No other major changes
were made to clinic
personnel or clinic flow be-
tween the 2 study periods,
and there were no significant
differences in the total vol-
ume of patients served by the hospital system or
specialty clinics between the 2 periods.

Study design
We conducted a retrospective, pre-post analysis

of dermatology clinic services at ZSFG. Specialty
service metrics were systematically measured at
ZSFG starting in June 2014. Therefore, June 2014
through December 2014 was designated as the
pre-teledermatology period. June 2017 through
December 2017 was designated as the post-
teledermatology period to assess a postimplemen-
tation steady state and to limit seasonal effects.
The pre-teledermatology analysis included all new
or established patients older than 18 years seen at
the ZSFG Dermatology Clinic between June 1,
2014, and December 31, 2014. The post-
teledermatology analysis captured all new or
established patients older than 18 years who
were evaluated at the dermatology clinic or via
teledermatology between June 1, 2017, and
December 31, 2017.

Patients seen in the dermatology clinic included
both new and established patients. Waiting times
were specifically for new patients being seen in the
dermatology clinic and were measured by third-next
available appointment (TNAA). In the post-
teledermatology period, waiting times represented
the time from completion of the teledermatology
referral review to the TNAA.



Table I. Demographic characteristics of the study
populations

Variable

Pre-

teledermatology

sample (n = 5278)

Post-

teledermatology

sample (n = 6308)

Female, No. (%) 2660 (50.4) 2965 (47.0)
Race/ethnicity, No. (%)
White non-Hispanic 1847 (35.0) 1937 (30.7)
White Hispanic 929 (17.6) 1646 (26.1)
Asian 1188 (22.5) 1451 (23.0)
Black or African
American

596 (11.3) 637 (10.1)

Other 718 (13.6) 637 (10.1)

Abbreviations used:

CI: confidence interval
TNAA: third-next available appointment
ZSFG: Zuckerberg San Francisco General

Hospital and Trauma Center
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Our study was reviewed by the University of
California, San Francisco Human Research
Protection Program Institutional Review Board and
granted exempt certification on April 19, 2018
(Reference #215917).
Age, mean (SD), y 51.34 (14.94) 52.55 (15.99)
Health care coverage,

No. (%)
Medi-Cal 2624 (49.7) 3261 (51.7)
Medicare 1099 (20.8) 1458 (23.1)
Healthy San Francisco 724 (13.7) 637 (10.1)
Other coverage 698 (13.2) 864 (13.7)
Uninsured 133 (2.5) 88 (1.4)

Primary language,
No. (%)

English 3621 (68.6) 4170 (66.1)
Spanish 939 (17.8) 1142 (18.1)
Cantonese 364 (6.9) 580 (9.2)
Other 354 (6.7) 416 (6.6)
Data
Clinic operational data (new patient waiting

times, clinic volumes, and attendance) were inde-
pendently generated by the ZSFG Specialty Care and
Diagnostics Department. The number of derma-
tology clinics and the amount of time spent by
dermatology attendings and residents seeing clinic
patients were recorded by the dermatology depart-
ment administration. We excluded the hours of
nondermatologist providers (rotating medical stu-
dents, internal medicine residents, and family med-
icine residents) because their clinic attendance was
inconsistently recorded.

Measurements relevant only to the post-
teledermatology period included number of tele-
dermatology consults answered, number of
teledermatology consults referred for a dermatology
clinic visit, number of teledermatology patients
referred for a clinic appointment who attended their
appointment, and number of minutes spent by
dermatology physicians answering teledermatology
referrals. Medweb software automatically collects
data on multiple parameters, and data reports can
be generated for each of these parameters.

The percentage of dermatology clinic visits
avoided per month was calculated by dividing the
number of teledermatology cases not referred to
clinic by the total number of teledermatology cases
answered. To calculate the number of cases evalu-
ated per dermatologist-hour, we divided the total
number of dermatology patients evaluated by the
total number of hours spent seeing patients in clinic
or reviewing teledermatology cases. In the post-
teledermatology period, the total number of derma-
tology patients evaluated was the sum of patients
seen in dermatology clinic and patients managed
exclusively through teledermatology without a
dermatology clinic visit. We also calculated the
number of clinic patients evaluated per dermatolo-
gist hour spent in clinic for the post-teledermatology
period.
Statistical analysis
No sample size calculation was performed given

our pre-post study design. The percentage of derma-
tology clinic visits avoided is provided as a descrip-
tive statistic for the post-teledermatology period
only. Waiting times for new patients, total number
of cases evaluated per month, total number of cases
evaluated per dermatologist-hour per month, and
number of clinic patients evaluated per
dermatologist-hour in clinic per month were
compared by 2-tailed t tests. No-show rates were
compared by a 2-tailed, 2-proportion z test. A P value
of \.05 was deemed significant. The statistical
analysis was performed using Excel 14.2.0 software
(Microsoft, Redmond, WA).
RESULTS
Patient population

Our analysis captured 5278 dermatology patients
in the pre-teledermatology period and 6308 in the
post-teledermatology period. Demographics of pa-
tients in the pre- and post-teledermatology periods
were similar (Table I). Patients were ethnically and
culturally diverse, with 45% identifying as nonwhite
and 33% speaking a primary language other than
English. Insurance coverage reflects the socioeco-
nomic status of the patients, with 51% having Medi-



Table II. Access measures

Variable* Pre-telederm Post-telederm Change (%) P value

Patients seen in clinic per
month, No.

754 (706.93-801.07) 681 (612.16-749.27) �9.68 .110

Teledermatology referrals
per month, No.

N/A 300 (259.85-339.58) N/A N/A

Dermatology patients evaluated
per month (clinic 1
teledermatology only), total No.

754 1 0 = 754 (706.93-801.07) 681 1 221 = 902 (824.40-977.89) 119.5 .008

Clinic waiting times (TNAA) for
new patients, d

84.6 (69.66-99.49) 6.7 (2.78-10.65) �92.08 \.001

N/A, Not applicable; TNAA, third-next available appointment.

*Data in parenthesis are the 95% confidence interval.
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Cal, 22% having Medicare, 2% lacking insurance, and
25% having other coverage or being enrolled in
Healthy San Francisco (a subsidized program for
uninsured residents of San Francisco who are not
eligible for Medicare or Medi-Cal).
Access
During the pre-teledermatology period, 754

dermatology patients were seen in the clinic per
month (95% confidence interval [CI], 706.93-801.07
patients) (Table II). During the post-teledermatology
period, 4765 patients were seen in clinic (average,
681 per month), and 1544 patients were evaluated
entirely through teledermatology (average, 221 per
month), with an average of 902 total patients being
managed per month (95% CI, 824.40-977.89 pa-
tients). A 2-tailed t test demonstrated a nonstatisti-
cally significant difference between the average
number of patients seen in the dermatology clinic
per month (P = .110). A 2-tailed t test demonstrated a
statistically significant difference between the total
number of patient cases managed by dermatology
per month (P = .008).

The mean TNAA for patients seen at the derma-
tology clinic was 84.6 days (95% CI, 69.66-
99.49 days) in the pre-teledermatology period and
6.7 days (95% CI, 2.78-10.65 days) in the post-
teledermatology period. A difference between these
2 periods was statistically significant (P\ .001).
Efficiency
Weekly teledermatology sessions lasted an

average of 100 minutes and led to 69.9 referrals
being reviewed (Table III). During the post-
teledermatology period, 801 of the 2098 telederma-
tology consults answered (38.2%) were recommen-
ded for a dermatology clinic visit. Of the 801 patients
recommended for a clinic visit, 554 (69.2%) attended
their appointment (Fig 1).
An average of 11.29 clinics was held per month
during the pre-teledermatology period (95% CI,
10.47-12.11 clinics) compared with an average of
10.71 clinics held per month during the post-
teledermatology period (95% CI, 9.52-11.90 clinics).
The difference was not statistically significant
(P = .454).

During the pre-teledermatology period, attend-
ings and residents spent an average of 332 hours per
month seeing patients in clinic (95% CI, 295.44-
367.99 hours). During the post-teledermatology
period, attendings and residents spent an average
of 342 hours per month seeing patients in clinic and
reviewing teledermatology cases (95% CI, 316.28-
368.29 hours). The difference was not statistically
significant (P = .651) and was maintained when
specifically comparing time spent by attendings
seeing patients in the clinic or reviewing telederma-
tology cases.

During the pre-teledermatology period, derma-
tologists logged 2322 hours at the clinic and were
able to manage 5278 patient cases. Therefore, the
number of cases evaluated per dermatologist-hour
was 2.273 (95% CI, 2.10-2.45 cases). During the post-
teledermatology period, dermatologists logged
2396 hours seeing patients or reviewing telederma-
tology cases and were able to manage 6308 patient
cases. Therefore, the number of cases evaluated per
dermatologist-hour was 2.633 (95% CI, 2.51-2.76
cases). A 2-tailed t test comparing these findings
yielded a statistically significant result (P = .010).

During the post-teledermatology period, derma-
tologists logged 2164 hours in the dermatology clinic
and evaluated 4765 patients in the clinic. Therefore,
the number of clinic cases evaluated per
dermatologist-hour was 2.20 (95% CI, 2.10-2.30
cases). A 2-tailed t test comparing this value against
the number of cases evaluated per dermatologist-
hour in the pre-teledermatology period yielded a
nonstatistically significant result (P = .360).



Table III. Efficiency measures

Variable* Pre-telederm Post-telederm Change (%) P value

Clinics per month, average No. 11.29 (10.47-12.11) 10.71 (9.52-11.90) �5.14 .454
Provider-hours per month
(clinic 1 teledermatology),
total hours

332 1 0 = 332 (295.44-367.99) 309 1 33 = 342 (316.28-368.29) 13.01 .651

Cases evaluated per
dermatologist-hour

Overall 2.27 (2.10-2.45) 2.63 (2.51-2.76) 115.86 .010
Clinic only 2.27 (2.10-2.45) 2.20 (2.10-2.30) �3.08 .360

No-show rates for all clinic visits 0.302 (0.290-0.314) 0.304 (0.293-0.315) 10.7 .810

*Data in parenthesis are the 95% confidence interval.

Fig 1. Flow diagram of teledermatology referrals in post-teledermatology period.
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The no-show rate for dermatology clinic visits in
the pre-teledermatology period was 0.302 (95% CI,
0.290-0.314) and for all clinic visits in the post-
teledermatology period was 0.304 (95% CI, 0.293-
0.315). A 2-tailed z test yielded a nonstatistically
significant result (P = .810).

DISCUSSION
We conducted a retrospective, pre-post study to

analyze the effects of teledermatology implementa-
tion on the accessibility and efficiency of derma-
tology care delivery within an urban safety-net
hospital. Our findings demonstrate that implemen-
tation of a teledermatology triage system led to an
increase in patient access to dermatology services by
reducing new patient waiting times and increasing
the total number of dermatology patient cases
evaluated per month. In addition, teledermatology
implementation led to an increase in the efficiency of
dermatology care delivery by increasing the number
of cases that could be managed per dermatologist-
hour and by enabling nearly two-thirds of derma-
tology referrals to be evaluated without a derma-
tology clinic visit.

Our finding that teledermatology leads to shorter
waiting times for new patients is consistent with
previous studies analyzing other teledermatology
systems.1-5 However, many of these studies analyzed
pilot programs or global health programs and may
not have accurately represented the effects of tele-
dermatology when fully implemented. One study
analyzing teledermatology implementation within a
large, closed health care system found statistically
significant reductions in patient waiting time,1

whereas another found reductions that were not
statistically significant.11 Our findings support the
idea that teledermatology implementation can signif-
icantly reducewaiting times for new patients in large,
closed health care settings.

The percentage of dermatology clinic visits
avoided with teledermatology varies widely across
health care systems. Among other studies analyzing
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teledermatology systems in large health care settings,
the proportion ranges from 31%12 to 84.4%.6 Our
finding of 61.8% lies in the middle of this range. We
believe the key factor enabling us to achieve a low
clinic referral rate is that dermatologists, rather than
primary care physicians, designate whether a patient
needs to be seen in the clinic. The key factor
preventing us from reaching the upper threshold of
this range may be the increased complexity of
dermatology cases seen at ZSFG given its role as a
secondary and tertiary referral hospital.

Our direct measure for efficiency demonstrating
that teledermatology led to a higher number of
patient cases evaluated per dermatologist-hour is
novel. The significance of this finding is that the
teledermatology system enabled the dermatology
department to manage an increased number of
patient cases for the same amount of human re-
sources, thus suggesting that teledermatology may
be an effective means of improving the efficiency of
dermatology care delivery within large health care
settings.

Several teledermatology systems previously re-
ported within large, closed health care settings gave
referring physicians the choice to submit their
patient’s case to teledermatology or to send it directly
to the dermatology clinic.1,11 In contrast, we required
all referring primary care physicians to submit a
teledermatology consult. Funneling all patients
through teledermatology has multiple upsides.
First, it shifts the triaging responsibility from primary
care physicians to dermatologists, who may be more
experienced at determining which patients warrant
specialist care. Second, it enables more equitable
distribution of dermatology resources to patients in
the health care system because the amount of
dermatology care a patient receives is based primar-
ily on the severity of their presenting condition rather
than other factors such as the ability of the referring
physician or patient to obtain an appointment.

Telemedicine triage systems such as ours prob-
ably lead to increased average complexity of clinic
patients, because straightforward cases are more
often managed exclusively through teledermatol-
ogy. In a closed or capitated health care model,
reserving specialist visits for patients with complex
medical needs may be more efficient, and such
patients may require longer average clinic visits.
We lacked sufficient tools to directly measure
complexity, but found a downward, albeit nonstat-
istically significant, trend in the average number of
clinic patients evaluated per dermatologist-hour in
clinic from 2.27 in the pre-teledermatology period to
2.20 in the post-teledermatology period. This
observed downward trend toward fewer patients
managed hourly is perhaps explained by increased
average patient complexity.
Strengths
We believe our results can be generalizable to

both academic and nonacademic health care set-
tings. Although residents were largely responsible
for reviewing and responding to teledermatology
consults at ZSFG, we counted an hour spent by a
dermatology resident reviewing cases as being
equivalent to an hour spent by an attending derma-
tologist. Therefore, an argument could be made that
teledermatology may be even more efficient if
implemented in a health care setting in which
attending dermatologists manage teledermatology
referrals without the added responsibility of teaching
residents. Our results are also generalizable to health
care settings serving vulnerable populations. We
found that the teledermatology system led to
increased efficiency and patient accessibility while
serving a patient population with lower relative
health literacy and socioeconomic status.
Limitations
Our study is limited by several factors. First, we

focused solely on efficiency costs to the dermatology
department without factoring in the time burden
teledermatology may impose on other systems, most
notably, referring physicians and clinics. Another
study suggested that the rapid management of
patients being triaged through teledermatology leads
to fewer patient visits to their primary care physi-
cians,2 but this may not necessarily be true for our
teledermatology system.

Second, we could not control for differences in
demand for dermatology care between the 2 periods
because we lacked records on the number of re-
ferrals for dermatology care at ZSFG in the pre-
teledermatology period.

Third, we did not have a comparator clinic to act
as a control group. Therefore, we are unable to
control for confounding factors such as a system-
wide push for shorter clinic waiting times.

Fourth, we were unable to measure the true
waiting times for new patients being seen in derma-
tology clinic and used TNAA as an estimate.
Although a truemeasurement of waiting times would
be preferable, the use of TNAA is well established in
the literature as a reliable approximation for nonur-
gent clinic appointments.21

Finally, the telemedicine software used in this
study allows providers to efficiently view referrals,
submit responses, and generate lists of patients for
clinic appointments. Similar software may not be
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compatible with all electronic medical record
systems.

CONCLUSION AND FUTURE DIRECTIONS
Implementation of teledermatology in closed

health care systems can improve patient access
and clinical efficiency. Teledermatology therefore
has the potential to enhance dermatology care
delivery both from the perspective of the patient
and from the perspective of the health care system.
Areas of future investigation include analyzing the
financial costs of teledermatology implementation,
measuring dermatology-specific outcomes, and
examining the effects of teledermatology on resi-
dent teaching.

We thank Dr Lukejohn Day (Chief Medical Officer at
ZSFG and Associate Professor in Department of Medicine
at University of California, San Francisco School of
Medicine) and Sheri Sanders (ZSFG Dermatology
Administrative Assistant) for helping us to acquire data.
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