
STUDY

Teledermatologic Consultation and Reduction
in Referrals to Dermatologists

A Cluster Randomized Controlled Trial
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Objective: To determine whether teledermatologic con-
sultations can reduce referrals to a dermatologist by gen-
eral practitioners (GPs).

Design: Multicenter cluster randomized controlled trial.

Setting and Participants: We recruited 85 GPs from
35 general practices in 2 regions in the Netherlands (Al-
mere and Zeist); 5 dermatologists from 2 nonacademic
hospitals were also included in the study.

Interventions: The GPs randomized to the interven-
tion used a teledermatologic consultation system to con-
fer with a dermatologist, whereas those in the control group
referred their patients according to usual practice. All pa-
tients, regardless of their condition, were seen in the of-
fice by a dermatologist after approximately 1 month.

Outcome Measures: The main outcome measure was
theproportionofofficevisitspreventedbyteledermatologic
consultation, as determined by dermatologists at approxi-
matelythe1-monthofficevisit.Thesecondaryoutcomemea-
sure was patient satisfaction, measured using the Patient
Satisfaction Questionnaire III developed by Ware et al.

Results: The 85 study GPs enrolled 631 patients (46 in-
tervention GPs, 327 patients; 39 control GPs, 304 pa-
tients). The 5 dermatologists considered a consultation
preventable for 39.0% of patients who received teleder-
matologic consultation and 18.3% of 169 control pa-
tients, a difference of 20.7% (95% confidence interval,
8.5%-32.9%). At the 1-month dermatologist visit, 20.0%
of patients who received teledermatologic consultation
had recovered compared with 4.1% of control patients.
No significant differences in patient satisfaction were
found between groups.

Conclusions: Teledermatologic consultation offers the
promise of reducing referrals to a dermatologist by 20.7%.
Providing teledermatologic consultation by GPs with more
extended knowledge of dermatology may further re-
duce the need for dermatologist referrals.

Trial Registration: Current Controlled Trials No.
ISRCTN57478950
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I N WESTERN COUNTRIES, HEALTH

services face increasing pressures
because of the aging population
and patients’ increasing demands
for evaluation by specialists. The

demand results in increased referral to spe-
cialists and longer waiting times for ap-
pointments. This has led to a debate regard-
ing the appropriateness of referrals and what

treatmentgeneralpractitioners (GPs) should
be able to provide before referral.1,2 Im-
proved communication between GPs and
specialists leads to lower referral rates.3,4 For
example, Vierhout et al4 showed a signifi-
cant decrease in referrals with joint consul-
tations, but these consultations require GPs

and specialists to be present in the same
room at the same time.

The Internet offers an alternative way
to communicate at a distance. In 2002,
Wallaceet al5 investigatedvirtual joint con-
sultations in8differentspecialtiesusingvid-
eoconferencing. This “real-time” telemedi-
cine still required GPs and specialists to be
availableatthesametime,althoughnolonger
in the same place. Telemedicine using vid-
eoconferencing allows valuable direct in-
teraction, but asynchronous telemedicine
using e-mail or Web sites—the “store-and-
forward”variant—ischeaperandmuchmore
flexible in both time and place.6 Dermatol-
ogy is a popular specialty for telemedicine.
This ispartlybecauseof itsvisualnaturebut
alsobecauseskindiseasesarea frequentrea-
son for visits to GPs and referral to derma-
tologists fromGPs,whichcauses longwait-
ing times for outpatient dermatologic con-

CME available online at
www.jamaarchivescme.com

Author Affiliations:
Departments of Medical
Informatics (Drs Eminović,
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sultations. To date, most analyses of teledermatologic
consultation have been feasibility studies, and few provide
sound evidence on clinical effects, such as referral rates.7,8

The aim of our cluster randomized trial (PERFECT_D
[PrimarycareElectronicReferrals:FocusonEfficientCon-
sultation using Telemedicine in Dermatology]1) was to de-
termine the extent to which teledermatologic consultation
can decrease outpatient referrals by GPs.

METHODS

PARTICIPANTS

The PERFECT_D study was performed in the catchment areas
of 2 Dutch district general hospitals in Almere (February
2004 to April 2005) and Zeist (February 2005 to January
2006) with approximately 53 000 and 98 000 new outpatient
visits per year, respectively. Five dermatologists in these hos-
pitals (Almere, 3 and Zeist, 2) were board certified, had at
least 3 years of experience in dermatology, and had an Inter-
net connection so were therefore eligible for inclusion. After
obtaining consent from both hospitals and all 5 eligible der-
matologists, we recruited participants from the general prac-
tices that referred patients to these dermatologists. Eligible
practices were required to have facilities to send digital images
over the Internet. Familiarity with a digital camera and/or the
Internet was not required for GPs or dermatologists. The GPs
who were current users of teledermatologic consultation or
who had used it more than 4 times in the previous 12 months
were excluded. Patients were eligible if they were referred by
their GP to one of the recruited dermatologists and did not
require a dermatologic consultation within 2 days. The ethics
committee deemed this study to be exempt from review
because the research did not interfere with usual care.

RANDOMIZATION

We randomized GP practices rather than individual patients
to prevent contamination. In this clustered design, all GPs at
any single practice used either teledermatologic consultation
or standard procedures (control group). Using dedicated ran-
domization software, practices were assigned to teledermato-
logic consultation or standard care. For each of 3 rounds of ran-
domization (1 in Almere and 2 in Zeist), codes were assigned
to practices. A special allocation concealment procedure (eBox;
http://www.archdermatol.com) was followed to ensure that no
allocation bias could occur.9,10

INTERVENTION

Inapretrialpilotprogramconducted inanother region,useof the
camera and study Web site, the training program, and trial logis-
tics were tested and improved. The improved training program
forall interventionGPs included instructionsontakingdigital im-
ages, downloading images to the computer, managing files, and
using theWebsite. In standardizedsessions,dermatologistswere
taught how to use the Web site and complete the study forms.

For every eligible patient, intervention GPs took 4 digital
images of the skin problem (2 closeups and 2 overviews) and
attached these to a semistructured form, which they com-
pleted on a secure Web site. We used the KSYOS TDCS tele-
dermatology Web site (www.ksyos.org), which was adapted for
the study (for study purposes, only anonymous patient data were
used and at the end of the consultation, participants com-
pleted evaluation forms) and Kodak EasyShare CX6230 digi-
tal cameras (2.0 megapixel with macro facility; Eastman Ko-

dak Company, Rochester, New York). The Web form required
answers to questions about the duration and location of the skin
condition and the reason for referral. Entry of the presumed
diagnosis was optional because ignorance of the diagnosis is a
valid reason for referral. The GPs selected the main reason for
referral: establishing the diagnosis, treatment advice, or reas-
surance.11 In addition, GPs were able to refer patients to any
dermatologist in their region. The dermatologist to whom a pa-
tient was assigned received a notification e-mail message, viewed
the images and other data, and responded using the same se-
cure Web site. The dermatologist advised the GP about fur-
ther procedures (ie, treatment advice, further investigations
needed, and standard or urgent referral). The dermatologist’s
feedback was provided within 48 hours, at which time the GP
received a notification e-mail message. The GPs were able to
respond once to the dermatologist with additional questions
or information before proceeding to act on the advice.

In control practices, all referred patients were seen by a der-
matologist according to the usual procedures. In most cases this
involved patients visiting the outpatient clinic with a letter in
which the GP described findings pertinent to the case.

All patients, intervention or control group, were required to
visit a dermatologist, according to the regular waiting time of ap-
proximately 1 month, irrespective of their degree of recovery. In-
tervention group patients visited the same dermatologist who had
performed the teledermatologic consultation (Figure 1).

OUTCOME MEASURES

The primary outcome measure was the proportion of and rea-
sons for preventable consultations, as judged by the derma-
tologists. Using teledermatologic advice, GPs were able to ad-
vise or treat the patient or perform additional tests, eg, for
allergies, as suggested by the dermatologist. If the GP’s treat-
ment was successful and the patient recovered or was recov-
ering, the dermatologic consultation in the office was consid-
ered preventable. Some control patients also had recovered before
the outpatient dermatologic consultation. Immediately after the
consultation in the office for control and intervention pa-
tients, the dermatologist recorded on a detailed form the rea-
sons why a consultation might have been prevented (Table 1).
Because the proportion of preventable consultations might be
influenced by certain patient characteristics, dermatologist char-
acteristics, or disease groups, these data were also captured. The
disease groups were based on the diagnoses reported in the cor-
respondence from the dermatologist to the GP. An anony-
mous copy of this correspondence carrying the patient’s study
code was received by trial administrators.

Was this
consultation
preventable?

Teledermatology

Control group DermatologistPatient + referral letter
(regardless of recovery)

Teledermatology
group

Patient
(regardless of recovery)

Patient history
+ images

Regular waiting time

Teleadvice
(within 48 hours)

Figure 1. Study flowchart showing procedures in the 2 groups, including
when the end point was measured. GP indicates general practitioner.
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The main secondary measure was patient satisfaction in gen-
eral and about interpersonal aspects of the consultation. To as-
sess satisfaction, patients completed a shortened version of the
Patient Satisfaction Questionnaire III developed by Ware et al
(20 of 43 items)12,13 immediately after the dermatologic office
consultation. This questionnaire was translated and validated
in the Dutch language by Hagedoorn et al.13

SAMPLE SIZE CALCULATION

In consultation with GPs and dermatologists, we defined an ab-
solute difference of 10% in the preventability of dermatologist
consultations as worth detecting. Assuming a control group rate
of 35% preventable visits,14-17 � of 5%, power of 80%, and an
intracluster correlation coefficient of 1%, we calculated that we
needed to include 50 GPs and 1000 patients.

STATISTICAL ANALYSIS

The proportions of preventable dermatologist office consulta-
tions in both trial arms were compared using logistic regres-
sion analysis. To account for potential correlation between out-
comes from the same GP or the same practice, we used

generalized estimation equations with robust variance estima-
tors.18 All statistical analyses were conducted with S-PLUS Pro-
fessional statistical software, version 6.2 (Insightful Corpora-
tion, Seattle, Washington).

MISSING DATA

Three situations could lead to nonrecording of the primary out-
come, ie, whether the dermatologist consultation was judged nec-
essary, post hoc: the patient never visited the dermatologist after
referral, possibly because she or he had recovered; the patient vis-
ited the dermatologist but by oversight no study form was com-
pleted; or, by mistake, the patient visited a dermatologist in a non-
participatinghospital.During the trial, variousmeasureswere taken
to avoid these situations, such as sending reminders about the
study to dermatologists and patients. To assess the potential effect
of missing data, 4 additional sensitivity analyses were carried out
after the primary statistical analysis was completed. First, for pa-
tients who visited the dermatologist but whose outcome form was
missing, the dermatologist was asked to complete the form later
using information from patient records, GP correspondence, or
referral or teledermatologic data. The original statistical analysis
was then repeated, taking the additional, newly collected out-
come data into account. Second, for patients who never visited
the dermatologist, we asked all GPs about any GP or hospital vis-
its at least 6 months after inclusion and, if there were none, whether
they thought the patient had recovered. Again, the statistical analy-
sis was repeated with this extension of the original data. Third,
the analysis was repeated taking account of all the data that were
used in both of these analyses. Fourth, we repeated the analysis
with the original data (complete cases) using inverse probability
weighting to correct for missing outcomes.19 The weights were
determined by a mixed-effects logistic regression analysis of miss-
ing outcomes, using trial group, GP practice size, patient age, ad-
vice of the teledermatologist, and referral reason as fixed effects
and GP and GP practice as nested random effects. For the in-
verse probability weighting analysis, a cluster-level weighted t test,
as described by Donner and Klar,20 was used instead of general-
ized estimating equations because the latter procedure does not
allow discounted weights at the level of individual patients.

RESULTS

Of 56 GP practices eligible for participation, 36 (53%), in-
cluding 110 GPs, agreed to participate and were random-
ized (Figure 2). Twenty-nine practices refused to par-
ticipate because they were too busy with other studies; 2
had no Internet connection, and 1 was already using tele-

Table 1. Percentage of Preventable Consultationsa

Analysis
No. of Patients

(Intervention/Control)

Preventable Consultations,a %

Intervention
Group

Control
Group

Difference
(95% Confidence Interval)

CCAb 369 (200/169) 39.0 18.3 20.7 (8.5-32.9)
CCA � Afterc 446 (229/217) 40.6 21.6 19.0 (9.1-29.7)
CCA � No visitd 435 (248/187) 50.8 26.2 24.6 (14.4-34.8)
CCA � Afterc � no visitd 512 (277/235) 50.9 27.7 23.2 (13.2-33.2)
IPW (weighted CCA) 369 (200/169) 41.2 15.7 25.5 (15.3-36.0)

Abbreviations: CCA, complete cases analysis; IPW, inverse probability weighting.
aP� .001 for all comparisons.
bResults of the original analysis (all patients).
cThe dermatologist completed the form afterward because the form was not completed during the office visit.
dPatients who did not have an in-person consultation with a dermatologist were included in the analysis as preventable office visits.

36 Practices and
110 GPs randomized

Excluded32
Refused to participate29
 Had no Internet
connection in the practice

2

Was already using
teledermatology

1

Practices assessed for eligibility68

19 Practices and 59 GPs
allocated to intervention group
(Median practice size, 2 GPs) 

17 Practices and 51 GPs
allocated to control group

(Median practice size, 2 GPs) 

18 Practices, 46 GPs, and
312 patients (95%) analyzed

16 Practices, 39 GPs, and
293 patients (93%) analyzed

1 Practice and 13 GPs
lost to follow-up

12 GPs lost to follow-up

 327 Patients included 304 Patients included 

Figure 2. Study flowchart for practices, general practitioners (GPs), and
patients.
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dermatologic consultation. From the practices that did par-
ticipate, 85 GPs enrolled 631 patients (46 intervention GPs,
327 patients; 39 control GPs, 304 patients). One control
group GP (3 patients) was excluded because we received
neither referral letters nor signed consent forms, which
meant 84 GPs were included in the analysis. In addition,
26 patients were excluded, mainly because the data were
not fully entered in the Web site (n=9) or the patient vis-
ited a nonparticipating dermatologist (n=7). This left 605
patients (95.9%) for analysis. Table 2 shows the charac-
teristics of the 3 cluster levels: practices, GPs, and patients
(see also Figure 2).

PREVENTABLE CONSULTATIONS

For 236 (39.0%) of 605 patients, information on the main
outcome variable was missing. Sixty-six patients (inter-
vention, 48; control, 18) did not visit a dermatologist or
their GP for treatment of the dermatologic condition after
inclusion in the study; 150 patients visited the dermatolo-
gist but the study form was not completed or was incom-
plete (n=12), and for 20 patients we and the GP lacked in-
formation necessary to trace the reason why the form was
missing.

Among the remaining 369 patients, dermatologists con-
sidered a live consultation preventable for 78 of 200 tele-
dermatologic consultation group patients (39.0%) and
31 of 169 control group patients (18.3%), yielding a dif-
ference of 20.7% (95% confidence interval, 8.5%-
32.9%). Because intracluster correlation was strongest at
the level of the GPs (GPs,0.080; practices, 0.071), the
generalized estimation equation analysis was con-
ducted using GP as the grouping variable.

SENSITIVITY ANALYSIS
REGARDING MISSING DATA

The complete main outcome form was missing for 138
of 605 patients (22.8%) who visited a dermatologist. Af-
ter reviewing these cases, dermatologists were able to an-
swer the main outcome measure question for 77 of 138
patients (55.8%). In Zeist, the GPs indicated that 21 of

34 patients who did not visit a dermatologist had recov-
ered. The remaining 13 patients’ status was unknown.
In the sensitivity analysis, all 34 cases were considered
to be preventable consultations.

The mixed-effects logistic regression model that was
used in the inverse probability weighting analysis to
predict the probability of missing outcomes had an area
under the receiver operating characteristic curve of
0.794. Predictions made by the model ranged from 0.204
(yielding a weight of 4.90) to 0.943 (yielding a weight
of 1.06).

The estimated difference in proportion of prevent-
able consultations ranges from 19.0% to 25.5% in the 4
additional analyses (Table 1), and each of them reached
the same conclusion as the original analysis regarding the
effect of teledermatologic consultation.

REASONS FOR CONSULTATION

For each preventable consultation, dermatologists re-
corded the reason why they considered the consultation
to be preventable (Table 3). Full or partial recovery be-
fore the consultation was the most common reason con-
sultations were deemed preventable (intervention group,
40 [51%] of 78; control group, 7 [23%] of 31). Another
frequent reason was that the dermatologist judged that
GPs might have treated the patient themselves (inter-
vention group, 30 [39%]; control group, 21 [68%]). For
nonpreventable consultations (n=260), an office visit was
usually required because the intervention could only be
performed by a dermatologist (intervention group, 87
[71.3%] of 122; control group, 93 [67.4%] of 138). Pa-
tient request was another reason for a nonpreventable con-
sultation. This occurred for 3.3% of teledermatologic con-
sultation patients and 11.6% of control patients.

In total, 20.0% of 200 teledermatologic consultation
patients were described as recovered or partially recov-
ered compared with 4.1% of 169 in the control group
(Table 3). The difference in the overall percentage of GP
treatable cases in the teledermatologic consultation
(15.0%) and control groups (12.4%) was less than the
percentage of preventable cases in both groups.

Table 2. Baseline Characteristics of the Practices, GPs, and Patients

Factors at Baseline Intervention Group Control Group

Practice
No. of practices (Almere/Zeista) 19 (7/12) 17 (8/9)

�4 GPs 13 12
�4 GPs 6 5

No. of GPs per practice, mean (range) 2 (1-7) 2 (1-5)
GP

No. of GPs (Almere/Zeist) 46 (24/22) 39 (19/20)
Male sex, % (Almere/Zeist) 71 (62/79) 65 (60/70)
No. of patients recruited per GP, median (IQR) 5 (2.0-9.8) 5 (2-11.5)

Patient
No. of patients (Almere/Zeist) 312 (153/159) 293 (177/116)
Age, y, mean (SD) [Almere/Zeist] 42 (23) [37/47] 44 (20) [39/1]
Male sex, % (Almere, Zeist) 44 (51/40) 36 (40/34)
Time from referral to office consultation, d, median (IQR) 31 (18-70) 28 (18-71)

Abbreviations: GP, general practitioner; IQR, interquartile range.
aAlmere and Zeist are Dutch locations.
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The most frequent diagnosis was benign skin tumors
(eg, nevi), and 16.4% of these consultations were con-
sidered preventable (Table 4). Eczema was frequent in
both trial arms but was more often associated with a pre-
ventable consultation in the teledermatologic consulta-
tion (51.7%) than in the control group (27.3%). Differ-
ent preventable consultation rates between the trial arms
were also found for infections (intervention group, 61.1%;
control group, 18.2%) and psoriasis (intervention group,
45.5%; none in the control group). Overall, psoriasis and
malignant tumors occurred more often in the teleder-
matologic group, whereas premalignant tumors oc-
curred more often in the control group.

PATIENT SATISFACTION

A patient satisfaction questionnaire was completed by 350
patients (57.8%), of whom 191 received teledermato-
logic consultation (54.6%). The mean (SD) scores re-
garding interpersonal aspects were similar for the tele-
dermatologic (4.13 [0.62]) and control groups (4.15
[0.73]). The mean scores for general satisfaction were the
same for both groups (3.8 [0.59]). At the question level,
there were no significant differences between the 2 groups.

COMMENT

Across all diagnoses, the availability of teledermatologic
consultation in general practice resulted in about one-
fifth of all referrals for a dermatologic consultation being
judged preventable. The main reason that consultations
were judged preventable was because the patient recov-
ered before the outpatient appointment. Assuming that
patients who did not visit a dermatologist or a GP after
the teledermatologic consultation had recovered or at least
partially recovered, nearly 50% of teledermatologic con-
sultation patients improved or recovered compared with
15% in the control group. Another common reason that
dermatologists judged consultations preventable was their
belief that the GPs could have helped the patients. This
applied more often to the control vs the teledermato-
logic consultation groups, but we found it applied to al-
most the same proportion of patients in both overall
groups. This might indicate that, even when dermatolo-
gists had the opportunity through teledermatologic con-
sultation to advise a GP, they still believed that the GP
could have provided more treatment. Potential explana-
tions are faulty perceptions by dermatologists about the

Table 3. Reasons Office Consultations Were Judged Preventable vs Necessary

Reason

No. (%) of Patients

Intervention Group
(n=200)

Control Group
(n=169)

Total
(N=369)

Preventable consultations
Patient recovering/recovered 40 (20.0) 7 (4.1) 47 (12.7)
GP could treat patient 30 (15.0) 21 (12.4) 51 (13.8)
Patient cannot be treated 4 (2.0) 2 (1.2) 6 (1.6)
Other 4 (2.0) 1 (0.6) 5 (1.4)
Total 78 (39.0) 31 (18.3) 109 (29.5)

Nonpreventable consultations
Teledermatologic consultation advice incorrect 11 (5.5) NA NA
Dermatologist required for treatment 87 (43.5) 94 (55.6) 181 (49.1)
Patient request 4 (2.0) 16 (9.5) 20 (5.4)
Othera 20 (10.0) 28 (17.1) 48 (13.0)
Total 122 (61.0) 138 (81.7) 249 (67.5)

Abbreviations: GP, general practitioner; NA, not applicable.
aOther reasons for nonpreventable consultations included the need for tests and treatment (10 in both groups); patients needed to be reassured (control group,

4 patients); and the dermatologist indicated that the consultation was not preventable because it was required for the study (intervention group, 4 patients).

Table 4. Preventable Consultation Rates by Diagnosis Group

Diagnosis

No. of Patients (No. of Preventable
Office Consultations) Total No. of Patients

(% of Preventable
Office Consultations)Intervention Group Control Group

Benign skin tumor 27 (6) 34 (4) 61 (16.4)
Eczema 29 (15) 22 (6) 51 (41.2)
Infection 18 (11) 11 (2) 29 (44.8)
Malignant skin tumor 11 (0) 6 (0) 17 (0)
Psoriasis 11 (5) 4 (0) 15 (33.3)
Acne 5 (2) 10 (2) 15 (26.7)
Pigmented lesion 7 (3) 10 (3) 17 (35.3)
Premalignant tumor (eg, actinic keratosis)a 4 (1) 12 (3) 16 (25.0)

aA significant between-groups difference was only found for premalignant tumors (�2 test; P=.04).
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dermatologic knowledge, tools, and skills of GPs and
GPs lack of ability in or confidence to treat dermatologic
problems.

The most frequent diagnosis, benign skin tumors, ap-
peared unsuitable for standard teledermatologic consulta-
tion. Informal discussions with dermatologists in the pi-
lotphase suggested that dermatologists preferred to see these
patients in person to exclude malignant neoplasms. In the
future, the new techniques of teledermoscopy and macro-
photography might enable a dermatologist to advise a GP
how to care for these patients confidently.21,22 In our study,
we included all dermatologic patients without focusing on
a certain disease group. It is likely that teledermatologic
consultation will have a different effect on preventable con-
sultations when applied to specific patient groups, such as
nursing home residents with ulcers.23

We found suggestive evidence that teledermatologic
consultation is useful in reassuring patients. The pro-
portion of patients for whom a consultation was non-
preventable because of patient request was much higher
in the control group than in the teledermatologic con-
sultation group. Future studies should explore this pos-
sible advantage of teledermatology and perhaps tele-
medicine in general because it might offer a solution for
dealing with an increasing number of demanding
patients. General patient satisfaction and satisfaction
regarding interpersonal aspects were the same for the
intervention and control groups. Using the same ques-
tionnaire, Wallace et al5 found a significant difference
between the intervention and control groups, whereas
Bowns et al24 found no difference. Although not specifi-
cally measured in our study, GPs in the teledermato-
logic consultation group reported high levels of patient
enthusiasm when being included in the study. It was
surprising that this enthusiasm was not captured by the
Patient Satisfaction Questionnaire even when a signifi-
cant proportion of teledermatologic consultation group
patients recovered. Another study that evaluated a
special-interest GP dermatology service found no differ-
ence in patient satisfaction even though intervention
patients recovered earlier than control patients.25 It
seems that earlier recovery is not the most relevant
issue for dermatology patients.

To our knowledge, this is the first cluster random-
ized controlled trial of telemedicine. Such a study de-
sign requires a large number of clusters, in our case GP
practices and GPs, which makes it difficult to retain ad-
equate recruitment numbers and coordinate the study.
However, we believe that cluster randomization was the
most appropriate design because substantial intraclus-
ter correlation (0.071) was found in the primary out-
come variable, preventability of dermatologic consulta-
tion, at the practice level. Because the intracluster
correlation at the GP level was slightly higher (0.080),
GPs were used as the clustering unit in the statistical analy-
sis. The sample size calculation showed that we needed
50 GPs and 1000 patients. We estimated that we needed
to include 25 to 30 patients per GP, which was feasible
according to the national registry of referrals to derma-
tologists. During the trial, GPs included far fewer pa-
tients than we estimated; however, the number of GPs,
in our case the number of clusters, reached a higher num-

ber than expected: 85 instead of the initially planned 50
GPs. The study had sufficient power even with fewer
patients.

One could argue whether the randomization suc-
ceeded and whether the case mix of the 2 groups is com-
parable. We found that patient demographic character-
istics were similar between groups, but there were some
differences in diagnosis, which might cause confound-
ing. Owing to our randomization procedure, we mini-
mized selection bias before randomization. However, it
is likely that some GPs were selective when inviting pa-
tients to participate in the study, despite instructions to
invite all eligible patients. Our study design was prag-
matic because this selection process for GPs reflects the
selection that will occur when teledermatologic consul-
tation is implemented in real practice.

Introducing teledermatologic consultation into prac-
tices required GPs to use computers more than usual. The
new technology and high number of different partici-
pants, including GPs, dermatologists, and patients, re-
sulted in a number of missing outcome forms. Other large
telemedicine randomized controlled trials have experi-
enced similar problems.5,21 The results of standard sta-
tistical analyses restricted to subjects with complete data
can be biased in the presence of missing outcome data.19

However, using several additional analyses with out-
come data collected afterward, and one principled method
for dealing with missing outcome data, we were able to
show that our results are robust across a wide range of
reasonable assumptions.

Whited et al16 found that teledermatologic consulta-
tions prevented 18.5% of office visits compared with a
control group. Another randomized trial demonstrated
that 54% of teledermatologic consultations could be
managed within the GP practice, but this proportion
was similar in the control group (55%).26 Our much
larger and more rigorous study demonstrated that
20.7% of initial dermatologic office visits could have
been prevented by the use of teledermatologic consulta-
tions. The proportion of consultations judged prevent-
able by a dermatologist is often an outcome measure in
telemedicine studies.14,16 However, in reality it is the GP
who decides to refer a patient for a consultation with a
dermatologist, and there are probably differences in
how GPs make this decision. Using teledermatologic
consultation in a practice with a special interest in der-
matology, such as in the United Kingdom,25 might
result in a higher proportion of preventable office visits.
Teledermatologic consultation successfully enables GPs
to treat patients they would otherwise refer to a derma-
tologist. Further research conducted with more specific
patient groups as well as about patient satisfaction
should be encouraged.
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nović, Wyatt, ter Riet, van Weert, Bruijnzeel-Koomen,
and Bindels. Acquisition of data: Eminović and de Keizer.
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