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Effect of a clinical evidence technology on patient 
skin disease outcomes in primary care: a cluster-
randomized controlled trial 

Marianne Burke, MA, AHIP; Benjamin Littenberg, MD 
See end of article for authors’ affiliations. 

 

Objective: Providers’ use of clinical evidence technologies (CETs) improves their diagnosis and treatment 
decisions. Despite these benefits, few studies have evaluated the impact of CETs on patient outcomes. The 
investigators evaluated the effect of one CET, VisualDx, on skin problem outcomes in primary care. 

Methods: A cluster-randomized controlled pragmatic trial was conducted in outpatient clinics at an academic 
medical center in the northeastern United States. Participants were primary care providers (PCPs) and their 
adult patients seen for skin problems. The intervention was VisualDx, as used by PCPs. Outcomes were 
patient-reported time from index clinic visit to problem resolution, and the number of follow-up visits to any 
provider for the same problem. PCPs who were randomly assigned to the intervention agreed to use VisualDx 
as their primary evidence source for skin problems. Control group PCPs agreed not to use VisualDx. 
Investigators collected outcome data from patients by phone at thirty-day intervals. Cox proportional hazards 
models assessed time to resolution. Wilcoxon-rank sum tests and logistic regression compared the need for 
return appointments. 

Results: Thirty-two PCPs and 433 patients participated. In proportional hazards modelling adjusted for 
provider clusters, the time from index visit to skin problem resolution was similar in both groups (hazard 
ratio=0.92; 95% confidence interval [CI]=0.70, 1.21; p=0.54). Patient follow-up appointments did not differ 
significantly between groups (odds ratio=1.26; CI=0.94, 1.70; p=0.29). 

Conclusion: This pragmatic trial tested the effectiveness of VisualDx on patient-reported skin disease 
outcomes in a generalizable clinical setting. There was no difference in skin problem resolution or number of 
follow-up visits when PCPs used VisualDx. 

 
INTRODUCTION 

Health care providers across a spectrum of primary 
care and specialty domains regularly refer to clinical 
evidence technologies (CETs) to answer clinical 
questions [1]. As reported in provider survey and 
chart review studies, use of CETs such as 
PubMed/MEDLINE, journal articles, electronic 
texts, topic summaries, and Internet search engines 
has improved diagnosis and treatment decisions and 
avoided adverse events [2–6]. Despite these provider 
reports, few studies have evaluated the impact of 

CETs on patient-level outcomes. Patient-level 
outcomes include mortality, relief of symptoms, 
impact on activity, perceived benefit, and costs to 
the patient, such as length of hospital stay and lost 
work time [7]. The literature on patient outcomes of 
CET use is mixed. Only one published study has 
reported an improvement in patient outcomes. 
Researchers reviewed insurance claims from 
hospitals before and after subscribing to UpToDate 
(a source for comprehensive medical topic 
summaries). Results showed a modest reduction in 
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morbidity and length of stay in hospitals after 
subscribing [8]. 

Hospital libraries and informatics centers 
acquire and make CETs available to the clinical 
community on the assumption that these resources 
have value for education, practice improvement, 
and outcomes of care. CET licenses can be 
expensive. Medical school libraries associated with 
teaching hospitals in the United States or Canada 
spent an average of US$2 million each in 2015 for 
medical research journals and clinical information 
resources [9]. While CETs, individually or in 
combination, have been evaluated for education and 
practice-level outcomes, they have not undergone 
rigorous evaluations with randomized trials for 
patient outcomes. A 2015 systematic review of 
electronic health information, including CETs, found 
no randomized trials with patient outcomes, such as 
utilization or relief from symptoms [10]. 

The broad nature and diverse goals of many 
CETs may discourage rigorous evaluation. 
However, skin conditions are a relatively 
circumscribed domain within the broad field of 
primary care. The clinical goal in many cases can be 
quantified as time-to-problem resolution. Likewise, 
the need for additional medical care after the index 
visit usually represents a suboptimal and expensive 
outcome that might be reduced by improved 
provider knowledge and decision support [11]. 

Skin problems account for 15% of primary care 
office visits in the United States [12], and 10 common 
dermatologic conditions (dermatitis, pyoderma, 
tinea, benign neoplasms, candida, dermatosis, warts, 
malignant neoplasm, sebaceous cyst, and acne) 
account for 77% of skin-related diagnoses in family 
practices. Likewise, many internal conditions 
manifest themselves on the skin, including 
malignancies, vascular conditions, anemia, 
endocrine disorders, and pregnancy. Most skin 
conditions first present, and are often diagnosed and 
managed, in primary care. Eight percent of all 
outpatient visits for skin problems result in referrals 
to dermatologists or return visits to primary care 
[13]. Limitations in the ability of primary care 
providers (PCPs) to diagnose skin rashes and lesions 
correctly have been noted in the literature [14, 15]. 
Some studies indicate that additional dermatology 
knowledge, training, and diagnostic support could 

improve practice and patient outcomes. General 
practitioners in the United Kingdom who used an 
online source for skin cancer diagnosis information 
increased their diagnostic accuracy and confidence, 
but referrals were not reduced [16]. Referrals to 
dermatology in a Veterans Affairs hospital that 
lacked a specific diagnosis were reduced by an 
intervention that trained PCPs [17]. 

VisualDx is a CET that presents images and text 
on a comprehensive range of skin conditions and 
symptoms that are local to the skin or manifestations 
of internal conditions [18]. Users can search by 
diagnosis or by patient characteristics and 
examination findings to generate a differential 
diagnosis list with images. Individuals, practices, 
and institutions license VisualDx to support medical 
education and patient care [19]. VisualDx has been 
shown to improve diagnostic competency in non–
primary care settings. In one study, its use improved 
the differential diagnosis of cellulitis by emergency 
room physicians [20]. In a pilot study, diagnostic 
accuracy of dermatology residents and medical 
students increased after using VisualDx, as judged 
by a consultant dermatologist [21]. 

Given the prevalence and broad range of skin 
conditions seen in primary care, the need for PCPs’ 
improved knowledge and competency in skin 
disease, the availability of a dermatology-focused 
CET (i.e., VisualDx) that has been shown to affect 
clinical competence, and the lack of randomized 
clinical trials of any CET with patient-level 
outcomes, the authors proposed a clinical trial to 
evaluate use of VisualDx in primary care in the 
domain of skin disease with patient-level outcomes. 

Our objective was to evaluate the effect of 
VisualDx on duration of symptoms and follow-up 
care for skin problems in a pragmatic randomized 
clinical trial in primary care. Recognizing that in 
typical clinical care, the correct diagnosis and 
therapy are often uncertain, that some problems 
resolve regardless of whether the management was 
technically correct, and that some resist even the 
most insightful management, we were concerned in 
this study with the net result of each episode of 
care—the patient outcomes—rather than the 
intermediate steps of management (i.e., diagnosis or 
treatment decisions). 
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METHODS 

Study design, model, and setting 

We designed a cluster-randomized controlled trial to 
evaluate the outcomes of skin problems for patients 
whose PCP referred to VisualDx or not (usual care). 
In this design, PCPs were the subjects of 
randomization. Patients were clustered in the arm of 
the provider they saw for the skin problem. The 
cluster design was appropriate because the 
intervention was directed to physicians, while the 
outcomes occur in individual patients [22]. With 
randomization, environmental and provider or 
subject characteristics (e.g., years in practice, 
insurance status, chronicity of the presenting 
complaint, comorbidities) were distributed at chance 
levels across both arms of the experiment. 

The model underlying the design of the 
experiment asserted that the CET supported PCPs in 
management (i.e., diagnosis, treatment, and referral 
decisions) and impacts patient-level outcomes—
resolution of symptoms and return appointments—
when used in a real-world clinical setting. 
Presumably, use of a valuable CET leads to more 
correct diagnoses and wiser therapeutic or referral 
choices. These, in turn, lead to better patient 
outcomes (i.e., quicker resolution of the presenting 
problem or reduced need for additional care). To test 
this model, we performed a pragmatic [23] (i.e., not 
heavily controlled) cluster-randomized controlled 
trial of the impact of one CET on the outcomes of 
skin problems presenting to primary care (Figure 1). 

The study was conducted at clinics associated 
with an academic regional medical center in the 
northeast United States. VisualDx and other CETs 
were available to medical center clinicians through 
the hospital intranet, electronic health record, and 
mobile devices. The institutional review board 
approved the protocol in June 2015. 

Provider subjects 

Attending physicians, residents, advanced practice 
nurses, and physician assistants in outpatient family 
medicine and general internal medicine were invited 
to participate by email or personal contact. Eligible 
providers (1) were currently seeing patients at a 
primary care site, (2) consented and agreed to 
comply with the protocol procedures assigned, and 
(3) permitted patients to be informed of the study 
via a letter sent over their signature. Providers 
answered a survey concerning resident or attending 
status, year of clinical degree, sex, specialty, and 
typical number of times per month that they used 
CETs for patient care (supplemental Appendix A). 

We randomly assigned PCPs to intervention or 
control groups using a sequential numbered 
envelope method, stratified by resident status [24]. 
We randomized residents independently because of 
the possibility that they might respond differently to 
the intervention than more experienced providers 
would. PCPs were enrolled in the study when they 
gave consent, completed the tutorial, provided their 
signature for patient letters, and affirmed their 
agreement to follow their assigned protocol. 

Figure 1 Model of the cluster-randomized pragmatic design 

 
PCP=primary care provider; CET=clinical evidence technology. 
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Patient subjects 

Adult patients seen for acute or chronic skin 
problems, excluding lacerations or burns, were 
eligible. Patients were excluded if they did not speak 
English or were decisionally impaired. To identify 
patients, we reviewed the appointment records of 
participating providers for patients who were seen 
for a skin problem. We identified patients with any 
complaint in the broad range of skin diseases as 
noted in the electronic health record. The reason for 
visit, appointment note, and clinical summary fields 
provided information about patient complaints, 
such as “rash,” “redness,” “lump,” “itch,” “wart,” 
“mole,” or “sore.” International Classification of 
Diseases codes were also used to identify potential 
cases. Per the institutionally approved protocol, 
personal health information from the patient 
record—such as reason for visit, phone number, and 
address—could be used for identification and 
recruitment but not to ascertain patient 
characteristics or outcomes. 

We sent each identified patient a letter signed by 
their PCP describing the study and informing them 
that the study team would call to invite their 
participation. The letter also stated how to opt out of 
any contact. 

Intervention 

The intervention was VisualDx, as used by PCPs 
treating patients with skin problems. Providers 
received email notification of their experimental 
group status with a link to a self-paced slide tutorial 
that was specific to their group (supplemental 
Appendixes B and C). For the “Active” group, the 
five-to-ten-minute tutorial included the direction to 
use VisualDx when needed in treating a patient skin 
problem and instructions on how to access and use 
the CET. For the “Control” group, the tutorial 
included the direction not to use VisualDx and a 
general orientation to information sources that are 
available through the medical library. A study team 
member contacted participating providers by email, 
phone, and letter at intervals during the study to 
remind them of their assigned protocol and to 
confirm their continued participation. 

Measurements 

The primary predictor (i.e., independent variable) 
was the randomized group status of the provider: 
Active (use of VisualDx) or Control (non-use). 

Patient subjects were assigned to the group of the 
provider they saw. The primary outcome variables 
reported by the patients were (1) time to resolution 
of the skin problem from presentation at the primary 
care office visit and (2) number of follow up visits 
(to any provider) for the same problem. 

About thirty days after the index visit, an 
investigator phoned each eligible patient (except 
those who had opted out) and, following verbal 
consent, proceeded with interview questions. If the 
patient reported their presenting skin problem 
resolved (i.e., “all better”), their participation in the 
study was concluded. Patients whose presenting 
complaint had not resolved were reinterviewed at 
sixty days and, if still unresolved, again at ninety 
days. The thirty-sixty-ninety day phone call 
schedule was specified in the protocol to balance the 
requirements to reach many people while 
preserving patient recall [25]. 

At the first interview, patients reported their 
ages, sexes, and whether the PCP seen was their 
usual provider (supplemental Appendix D). We 
ascertained the status of the skin problem as “all 
better,” “improved,” “unchanged,” or “worse” each 
time that we interviewed the patient. If it was “all 
better” at any interview, we asked them to recall the 
number of days from the index visit date or the date 
when they realized the problem was resolved. If 
necessary, we asked questions to aid more exact 
recall. This determined the “days to resolution” 
outcome variable. The final problem status at the 
last completed interview was determined for 
analysis. 

To determine the number of follow-up 
appointments, at the first interview, we asked how 
many appointments the patient had had for the 
same problem since the index visit. If there was a 
second or third phone interview, we asked how 
many appointments they had had since the last call 
and added that number to any previously reported 
appointments, if any. The total number of 
appointments reported constituted the variable. 

Data collection 

Trained research assistants using standardized 
scripts conducted patient interviews by phone. 
Study data were collected and managed using 
Research Electronic Data Capture (REDCap) secure 
tools, hosted by the researchers’ institution. 
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Blinding 

By necessity, providers knew their own intervention 
or control group status. Investigators were blind to 
providers’ and patients’ groups while conducting 
patient interviews. Patients were blind to the group 
assignment of their providers. 

Analysis 

We used Cox proportional hazards models to assess 
time to resolution and Wilcoxon-rank sum tests and 
logistic regression to compare return appointments 
between groups. Logistic and proportional hazards 
models were adjusted for clustering. Data analyses 
were performed using Stata 14 statistical software. 
We sought an adequate sample size to detect a 
moderate-to-large effect of the intervention, on the 
order of 0.4 standard deviations. Given the broad 
range of skin problems presenting in primary care, 
we expected significant variability in the time to 
resolution. Therefore, we chose a target of 8 days to 
resolution with a standard deviation of 20 days. The 
effect of clustering with PCP was not known, but we 
used estimates from other primary care settings that 
suggested an intra-cluster correlation of 
approximately 0.025 [26]. Assuming α=0.05, β=0.80, 
10 patients per provider, and a 2-sided t-test, we 
estimated the study needed 26 PCPs and 260 
patients. 

RESULTS 

We enrolled 31 physicians and 1 nurse practitioner. 
We identified 989 eligible patients with a visit to a 
participating PCP related to a skin problem between 
November 2015 and August 2016. Four hundred 
thirty-three patients consented and provided data 
(Figure 2). 

The Active and Control groups were similar at 
baseline, except for the median number of subjects 
per PCP (6 in the Active group versus 15 in the 
Control group; p=0.045) (Table 1). Seven PCPs (22%) 
reported use of VisualDx prior to the study, 
including 4 (27%) in the Control group who agreed 
not to use it during the trial. 

Problem resolution 

Nearly half (48%) of all patients in the study 
considered their skin problem resolved (i.e., “all 
better”) by the final contact, including 46% in the 
Active group and 49% in the Control group (p=0.48). 
Active and Control patients were similar in terms of 
whether they were “all better,” “improved,” 
“unchanged,” or “worse” at their final interview 
(p=0.88) (Table 2, Figure 3). 

Figure 2 Flow of participants through stages of the randomized-cluster controlled trial 
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Table 1 Characteristics of primary care providers and patients 

 All Active Control p* 
Primary care providers n=32 n=17 n=15  

 n (%) n (%) n (%)  

Residents 13 (41%) 8 (47%) 5 (33%) 0.43 

Sex (male) 17 (53%) 10 (59%) 7 (47%) 0.49 
Family medicine (vs. internal 
medicine) 

14 (45%) 6 (35%) 8 (53%) 0.30 

 median (range) median (range) median (range)  

Year graduated 2010 (1976–2015) 2012 (1976–2015) 2002 (1977–2015) 0.44 

Study patients per provider 13.5 (1–34) 6 (1–32) 15 (1-34) 0.045 

 n (%) n (%) n (%)  

Used any CET ≥ 10 times in 
the prior month 

27 (84%) 13 (77%) 14 (93%) 0.19 

Used VisualDx in the prior 
month 

7 (22%) 3 (18%) 4 (27%) 0.54 

Patients n=433 n=158 n=275  

 median (range) median (range) median (range)  

Age in years, 431 obs. 58 (19–94) 58 (20–91) 58 (19–94) 0.73 

 n (%) n (%) n (%)  

Sex (male), 431 obs. 214 (49%) 77 (49%) 137 (50%) 0.54 
Completed all protocol 
interviews 

360 (83%) 126 (80%) 234 (85%) 0.15 

*p-value comparing Active and Control groups from χ2 tests for categorical variables (proportions) and Wilcoxon rank-sum tests for ordinal and 
continuous variables. 

 

Table 2 Problem resolution and return visit outcomes 

 All subjects Active Control p* 
Patients n=433 n=158 n=275 

 
 n (%) n (%) n (%)  

Final skin status       0.88 

Resolved 207 (48%) 72 (46%) 135 (49%)  

Improved 104 (24%) 41 (26%) 63 (23%)  

Unchanged 108 (25%) 40 (25%) 68 (25%)  
Worse 14 (3%) 5 (3%) 9 (3%)  

Return visits mean (standard 
deviation) mean (standard 

deviation) mean (standard 
deviation)  

Return visits per patient 0.59 (1.07) 0.65 (1.10) 0.55 (1.05) 0.19 

 n (%) n (%) n (%)  

Any return visits (vs. none) 148 (34%) 59 (37%) 89 (32%) 0.29 

*p-value comparing Active and Control groups from χ2 tests for categorical variables (proportions) and Wilcoxon rank-sum test for number of visits. 
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Time to resolution was similar between groups 
throughout the observation period of up to 120 days 
(p=0.56 by log-rank test) (Figure 3). 

In univariable Cox proportional hazards 
models, with standard errors adjusted for provider 
clusters, the days from index visit to resolution were 
similar between groups (hazard ratio [HR]=0.92; 
95% confidence interval [CI]=0.70, 1.21; p=0.54). 
Tests for potential confounding by patient age and 
sex, PCP status (as resident and as patient’s regular 
provider), PCP time since graduation, number of 
patients per provider, and time of the year indicated 
no potential confounding. Therefore, these variables 
were not included in the analysis. 

Return appointments 

Active group patients had a mean of 0.65 return 
appointments compared to 0.55 in the Control group 
(p=0.19). The median was 0 return appointments in 
both groups (Figure 4). Thirty-seven percent of 
Active group patients had 1 or more follow-up 
appointments for the index problem, versus 32% of 
Control group patients (p=0.29). 

When analyzed as a binary variable (any follow-
up visits vs. none) in cluster-adjusted logistic 
regression, the odds of a return visit were higher in 
the Active group than in the Control group (odds 
ratio [OR]=1.25; 95% CI=0.93, 1.67; p=0.15), but this 
was not statistically significant. Tests for potential 
confounding by patient characteristics (age and sex), 
PCP characteristics (as resident, as patient’s regular 
provider, and time since graduation), or time of the 
year indicated no confounding. Therefore, these 
variables were not included in the model. However, 
the number of patients per provider was associated 
with the use of any follow-up visits (p=0.066) and 
group assignment (p=0.065), raising the possibility 
of confounding and warranting its inclusion in the 
final logistic regression model. The odds of any 
follow-up visits remained higher in the Active group 
than in the Control group, when adjusting for 
clustering and the number of patients per provider 
(OR=1.14; 95% CI=0.84, 1.56; p=0.39), but this was 
not statistically significant. The intra-cluster 
correlation coefficient for both outcome measures 
was <0.00001 with an upper 95% confidence limit of 
0.039. 

Figure 3 Proportion of patients whose skin problems remained unresolved over time 
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Figure 4 Proportion of patients whose skin problems remained unresolved over time 

 
 

DISCUSSION 

Patients with skin problems whose PCPs used 
VisualDx experienced similar rates of problem 
resolution and similar time to resolution as patients 
whose providers did not use this CET. There was no 
difference in the number of follow-up visits to any 
health care provider for the index skin problem. 

The goal of this study was to assess the 
effectiveness of a CET as used in a generalizable 
clinical setting rather than to determine its 
mechanism of action or efficacy under ideal 
conditions. Therefore, we designed a “pragmatic 
trial” in a clinical environment in which day-to-day 
factors were not highly controlled. Pragmatic trials 
seek to answer the question, “Does this intervention 
work under usual conditions?” [23]. Intervention 
PCPs had flexibility in how they followed their 
assigned protocols to reference VisualDx when 
uncertainty about patient care arose. They could 
have searched in VisualDx by diagnosis terms, as 
opposed to using the differential diagnosis support 
tool. They could also have decided that assistance 
was not needed with some patients and opt not to 
employ the CET and could seek advice from 
additional sources after consulting VisualDx. 

We obtained data for the primary outcomes 
from patient reports because we sought to 

understand the outcomes of care as experienced by 
the patients. Patient-reported outcome measures 
complement other health care indicators such as 
provider-reported outcomes, chart review, and 
insurance data. They are appropriate measures in 
research when the intervention is incorporated into 
treatment [27, 28] and are frequently used in clinical 
trials of medical products, drugs, and health-related 
quality-of-life studies [29]. 

We did not evaluate whether the diagnosis or 
treatment that the PCP decided upon was correct by 
an objective standard, such as expert dermatologist 
review. Likewise, we did not distinguish 
appropriate follow-up appointments or referrals 
from unnecessary or avoidable ones, recording only 
that a follow-up occurred. 

Physician-reported benefits of referring to 
CETs—such as correct diagnosis, treatment, and 
avoidance of adverse events—have been previously 
noted. In a multi-institutional survey of physicians 
(n=4,906) and residents (n=1,290) in 118 hospitals, 
Marshall et al. found that 36% of physicians and 42% 
of residents changed a diagnosis after referring to a 
clinical evidence source in a recalled, recent incident. 
Physicians (29%) and residents (32%) also reported 
avoiding unnecessary procedures or tests because of 
the information that they used in the incident [5]. 
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Likewise, use of VisualDx may improve 
diagnostic skills. A team including the developer of 
VisualDx reported that among 28 cases initially 
misdiagnosed as cellulitis in the emergency room, 
VisualDx included the correct diagnosis in its 
differential diagnosis list more often than the 
admitting medical residents (64% vs. 14%; p=0.003). 
In a pilot study by Chou, clinical diagnoses of 13 
patients were made by 13 dermatology residents 
and 51 medical students before and after using 
VisualDx. Diagnostic accuracy increased from 63% 
to 81% (p<0.01) as judged by a consultant 
dermatologist [21]. Despite these positive 
intermediate effects, the published literature, 
including the study reported here, provides no 
evidence of better patient outcomes. 

Why did use of VisualDx—a technologically 
sophisticated, well-designed, state-of-the-art CET—
fail to influence the tested outcomes for skin 
disease? Some potential reasons for the negative 
results in this trial, such as bias due to uneven 
distribution of patient or provider characteristics, 
were minimized by the randomized design of the 
study. Another reason we found no difference 
between groups could be that the VisualDx users 
had insufficient knowledge of the resource to use it 
effectively. However, Active group PCPs were made 
aware of the resource, what it was meant to do, and 
how to access it. They received more training on its 
features, via an online tutorial, than is usually 
available in clinical practice. Although the VisualDx 
interface appears intuitive and easy to use compared 
to other CETs, it is possible that PCPs had difficulty 
finding the information that they needed. The 
specific content and interactive diagnosis tool of 
VisualDx, written largely by specialists, could be too 
complex or time consuming in the primary care 
setting. This may have contributed to busy clinicians 
bypassing VisualDx at times, resulting in 
suboptimal management. 

Even if the content acquired by the PCPs was 
correct from a biomedical point-of-view, the PCPs 
were not obligated to follow it. Indeed, local 
availability of certain procedures, prescriptions, and 
specialty referrals may make it unreasonable or 
impractical to follow the advice of the CET, 
potentially leading to the “no difference” result. 

Finally, it is possible that many skin problems 
presenting in primary care are inherently resistant to 
improvement no matter how well managed. They 

will resolve (or not) at their own pace regardless of 
the diagnosis and therapy offered. Nonetheless, 
return appointments and referrals to dermatology 
could conceivably be reduced with optimal primary 
care management. 

This study tested the effectiveness of VisualDx 
for problem resolution and return visit frequency, 
not for other outcomes such as improved diagnosis 
or satisfaction with care. This was not a 
comprehensive multi-attribute assessment of the 
CET. Likewise, ease of use and usefulness were also 
beyond the scope of this evaluation. 

As VisualDx is costly, this study may help 
health care organizations determine whether that 
cost is appropriate for their local institutional goals 
and settings. 

Strengths and limitations 

The randomized-cluster parallel design reduced the 
likelihood of bias due to differences in provider and 
patient subjects. Secular events occurring outside the 
study, such as seasonal changes in skin-related 
appointments, affected providers and patients in the 
intervention and control groups equally because of 
the randomized, parallel design. 

The study took place in one large academic 
medical center, possibly reducing generalizability to 
other settings. However, the patients of the study 
institution are similar to populations in rural regions 
of the United States in terms of age, race, poverty 
rates, and other factors. 

Although this was the largest randomized study 
of a CET with patient outcomes to date, the power to 
detect a potential effect was limited. Given the 
sample size of 433 patients, a control resolution rate 
of 49% within 90 days, and assumption of α=0.05, 
the study had 80% power to detect a resolution rate 
of at least 63% in the Active group, using χ2 analysis. 
The observed rate was 46% and, therefore, not 
significantly different from Control. In the Cox 
model, the observed HR of 0.92 (favoring Control) 
was well under the minimum detectable HR of 1.24. 
Likewise, the study had 80% power to detect a 
difference of 0.30 return visits per patient. The 
observed rate was 0.10 higher in the Active group. 
Given that all analyses showed a trend toward 
worse outcomes (i.e., longer time to resolution and 
more return visits in the Active group), it is highly 
unlikely that a larger study would have 
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demonstrated a statistically significant beneficial 
effect. 

The study relied on provider adherence to the 
protocol based on their agreement to do so (which 
was confirmed periodically). We did not have 
independent confirmation of their adherence. There 
might also have been contamination between 
provider subjects since there were both Active and 
Control providers in some clinics. While Active 
group PCPs used VisualDx as their primary 
resource for skin-related uncertainty and Control 
group PCPs did not, both groups could use other 
CETs and resources that were available in the 
information-rich environment of the academic 
medical center. This access could have masked a 
positive effect of using VisualDx. 

We had limited ability to independently 
measure participant usage of VisualDx prior to the 
study. However, at baseline, 22% of PCPs reported 
use of VisualDx in the prior month with no 
significant difference between groups. We did not 
measure VisualDx use during the study. 
Nevertheless, we did encourage provider adherence 
to the protocol. When contacted, all providers 
confirmed that they were staying within their 
assigned protocol of using or not using VisualDx as 
a reference. 

The study relied upon the memory of patients, 
which could have been faulty. However, the first 
patient interviews followed the index visit by 
approximately thirty days, which is a relatively 
short time span [25]. Only one patient who 
consented could not remember the skin problem 
visit at all. 

This study included patients with acute and 
chronic conditions reflecting the usual variety of 
skin conditions that are seen in primary care. It is 
possible that a study of only acute skin conditions or 
a study in an inpatient setting would have had a 
different outcome. 

Implications 

While VisualDx did not make a difference in the 
patient outcomes studied, it may have value for 
other goals such as medical knowledge, decision 
confirmation, and diagnostic confidence. The 

pragmatic study design with patient-level outcomes 
proved to be feasible and could be extended to 
evaluate other clinical evidence source technologies 
that are relevant to health care. 

CONCLUSION 

The study showed no difference in resolution of 
symptoms and return visits in patients of doctors 
who referenced VisualDx. Although VisualDx and 
other CETs can support institutional missions of 
medical knowledge and practice improvement, 
VisualDx does not appear to improve patient 
outcomes for skin problems managed in primary 
care. 

TRIAL REGISTRY 

ClinicalTrials.gov: NCT02922738 

AUTHOR CONTRIBUTIONS 

Burke and Littenberg developed the study design 
and methods, Burke conducted participant 
recruitment and data collection, and Burke and 
Littenberg analyzed the data, interpreted it, and 
wrote and approved the final manuscript. 

ACKNOWLEDGMENTS 

The authors thank their research assistants—Anna 
Burke, Ayodelle LeBruin, MD, Michael Minyetti, BS, 
Kaitlyn Peper, BS, Mary Swenson, MLS, and Jae 
Vick, MLS—for their careful execution of the 
research protocols for subject identification, 
enrollment, and data collection. We thank research 
assistant Gary Atwood, MLS, for performing 
randomization and contacting provider subjects. Jae 
Vick provided additional copyediting and 
proofreading. 

The authors are grateful to the Center for 
Clinical and Translational Science, Department of 
Medicine, Larner College of Medicine, for office 
space and telecommunications support during the 
patient interview period of the trial. Author Burke 
received a six-month sabbatical leave from the 
University of Vermont Libraries to conduct aspects 
of the research. 



Effect  of  a  c l in ica l  ev idence technology 1 6 1  

DOI: dx.doi.org/10.5195/jmla.2019.581  

 

jmla.mlanet.org  107 (2) April 2019 Journal of the Medical Library Association  

 

REFERENCES 

1. Ely JW, Osheroff JA, Chambliss ML, Ebell MH, Rosenbaum 
ME. Answering physicians’ clinical questions: obstacles and 
potential solutions. J Am Med Inform Assoc. 2005 
Mar;12(2):217–24. DOI: 
http://dx.doi.org/10.1197/jamia.M1608. 

2. Alper BS, White DS, Ge B. Physicians answer more clinical 
questions and change clinical decisions more often with 
synthesized evidence: a randomized trial in primary care. 
Ann Fam Med. 2005 Nov–Dec;3(6):507–13. DOI: 
http://dx.doi.org/10.1370/afm.370. 

3. Del Fiol G, Haug PJ, Cimino JJ, Narus SP, Norlin C, 
Mitchell JA. Effectiveness of topic-specific infobuttons: a 
randomized controlled trial. J Am Med Inform Assoc. 2008 
Nov;15(6):752–9. DOI: 
http://dx.doi.org/10.1197/jamia.M2725. 

4. Sievert M, Burhans D, Ward D, Jones BB, Bandy M, Carlson 
J, Decker S, Henderson H. Value of health sciences library 
resources and services to health care providers in medium 
and large communities across two mid-continental states. J 
Hosp Librariansh. 2011 Apr;11(2):140–57. DOI: 
http://dx.doi.org/10.1080/15323269.2011.558882. 

5. Marshall JG, Sollenberger J, Easterby-Gannett S, Morgan 
LK, Klem ML, Cavanaugh SK, Oliver KB, Thompson CA, 
Romanosky N, Hunter S. The value of library and 
information services in patient care: results of a multisite 
study. J Med Libr Assoc. 2013 Jan;101(1):38–46. DOI: 
http://dx.doi.org/10.3163/1536-5050.101.1.007. 

6. Shimizu T, Nemoto T, Tokuda Y. Effectiveness of a clinical 
knowledge support system for reducing diagnostic errors 
in outpatient care in Japan: a retrospective study. Int J Med 
Inform. 2018 Jan;109:1–4. DOI: 
http://dx.doi.org/10.1016/j.ijmedinf.2017.09.010. 

7. Nelson EC, Mohr JJ, Batalden PB, Plume SK. Improving 
health care, part 1: the clinical value compass. Jt Comm J 
Qual Improv. 1996 Apr;22(4):243–58. 

8. Isaac T, Zheng J, Jha A. Use of UpToDate and outcomes in 
US hospitals. J Hosp Med. 2012 Feb;7(2):85–90. DOI: 
http://dx.doi.org/10.1002/jhm.944. 

9. Association of Academic Health Sciences Libraries 
(AAHSL). Annual statistics of medical school libraries in 
the United States and Canada 2014–2015. Seattle, WA: The 
Association; 2014–15, 2016. report no.: 38. 

10. Fiander M, McGowan J, Grad R, Pluye P, Hannes K, 
Labrecque M, Nia W, Roberts NW, Salzwedel DM, Welch 
V, Tugwell P. Interventions to increase the use of electronic 
health information by healthcare practitioners to improve 
clinical practice and patient outcomes. Cochrane Database 
Syst Rev. 2015 Mar 14(3):Cd004749. DOI: 
http://dx.doi.org/10.1002/14651858.CD004749.pub3. 

11. Weinstock MA, Chren MM. Chapter 1. The epidemiology 
and burden of skin disease. In: Goldsmith LA, Katz SI, 
Gilchrest BA, Paller AS, Leffell DJ, Wolff K, eds. 
Fitzpatrick’s dermatology in general medicine. 8th ed. New 
York, NY: McGraw-Hill Companies; 2012. 

12. Awadalla F, Rosenbaum DA, Camacho F, Fleischer AB Jr., 
Feldman SR. Dermatologic disease in family medicine. Fam 
Med. 2008 Jul–Aug;40(7):507–11. 

13. Barnett ML, Song Z, Landon BE. Trends in physician 
referrals in the United States, 1999–2009. Arch Intern Med. 
2012 Jan 23;172(2):163–70. DOI: 
http://dx.doi.org/10.1001/archinternmed.2011.722. 

14. Martinka MJ, Crawford RI, Humphrey S. Clinical 
recognition of melanoma in dermatologists and 
nondermatologists. J Cutan Med Surg. 2016 Nov;20(6):532–
5. 

15. Federman DG, Reid M, Feldman SR, Greenhoe J, Kirsner 
RS. The primary care provider and the care of skin disease: 
the patient’s perspective. Arch Dermatol. 2001 
Jan;137(1):25–9. 

16. Gulati A, Harwood CA, Rolph J, Pottinger E, McGregor JM, 
Goad N, Proby CN. Is an online skin cancer toolkit an 
effective way to educate primary care physicians about skin 
cancer diagnosis and referral? J Eur Acad Dermatol 
Venereol. 2015 Nov;29(11):2152–9. DOI: 
http://dx.doi.org/10.1111/jdv.13167. 

17. Swetter SM, Chang J, Shaub AR, Weinstock MA, Lewis ET, 
Asch SM. Primary care-based skin cancer screening in a 
Veterans Affairs health care system. JAMA Dermatol. 2017 
Aug 1;153(8):797–801. DOI: 
http://dx.doi.org/10.1001/jamadermatol.2017.1324. 

18. Logical Images. VisualDx [Internet]. Rochester, NY: Logical 
Images [cited 22 Oct 2018]. 
<https://www.visualdx.com/visualdx/7/>. 

19. Rebedew D. VisualDx. Fam Pract Manag. 2015 Jan–
Feb;22(1):33. 

20. David CV, Chira S, Eells SJ, Ladrigan M, Papier A, Miller 
LG, Craft N. Diagnostic accuracy in patients admitted to 
hospitals with cellulitis. Dermatol Online J. 2011 Mar 
15;17(3):1. 

21. Chou WY, Tien PT, Lin FY, Chiu PC. Application of 
visually based, computerised diagnostic decision support 
system in dermatological medical education: a pilot study. 
Postgrad Med J. 2017 May;93(1099):256–9. DOI: 
http://dx.doi.org/ 10.1136/postgradmedj-2016-134328. 

22. Hayes RJ, Moulton LH. Cluster randomized trials. Boca 
Raton, FL: CRC Press; 2009. 

23. Thorpe KE, Zwarenstein M, Oxman AD, Treweek S, 
Furberg CD, Altman DG, Tunis S, Bergel E, Harvey I, 
Magid DJ, Chalkidou K. A pragmatic-explanatory 
continuum indicator summary (PRECIS): a tool to help trial 
designers. J Clin Epidemiol. 2009 May;62(5):464–75. DOI: 
http://dx.doi.org/10.1016/j.jclinepi.2008.12.011. 

24. Doig GS, Simpson F. Randomization and allocation 
concealment: a practical guide for researchers. J Crit Care. 
2005 Jun;20(2):187–91; discussion 91–3. DOI: 
http://dx.doi.org/10.1016/j.jcrc.2005.04.005. 

25. Stull DE, Leidy NK, Parasuraman B, Chassany O. Optimal 
recall periods for patient-reported outcomes: challenges 
and potential solutions. Curr Med Res Opin. 2009 
Apr;25(4):929–42. DOI: 
http://dx.doi.org/10.1185/03007990902774765. 

http://dx.doi.org/10.1197/jamia.M1608
http://dx.doi.org/10.1370/afm.370
http://dx.doi.org/10.1197/jamia.M2725
http://dx.doi.org/10.1080/15323269.2011.558882
http://dx.doi.org/10.3163/1536-5050.101.1.007
http://dx.doi.org/10.1016/j.ijmedinf.2017.09.010
http://dx.doi.org/10.1002/jhm.944
http://dx.doi.org/10.1002/14651858.CD004749.pub3
http://dx.doi.org/10.1001/archinternmed.2011.722
http://dx.doi.org/10.1111/jdv.13167
http://dx.doi.org/10.1001/jamadermatol.2017.1324
https://www.visualdx.com/visualdx/7/
http://dx.doi.org/%2010.1136/postgradmedj-2016-134328
http://dx.doi.org/10.1016/j.jclinepi.2008.12.011
http://dx.doi.org/10.1016/j.jcrc.2005.04.005
http://dx.doi.org/10.1185/03007990902774765


1 6 2  Burke and L i t tenberg  

 DOI: dx.doi.org/10.5195/jmla.2019.581 

 

 
 Journal of the Medical Library Association 107 (2) April 2019 jmla.mlanet.org 

 

26. Littenberg B, MacLean CD. Intra-cluster correlation 
coefficients in adults with diabetes in primary care 
practices: the Vermont Diabetes Information System field 
survey. BMC Med Res Methodol. 2006;6:20. 

27. Wiklund I. Assessment of patient-reported outcomes in 
clinical trials: the example of health-related quality of life. 
Fundam Clin Pharmacol. 2004 Jun;18(3):351–63. DOI: 
http://dx.doi.org/10.1111/j.1472-8206.2004.00234.x. 

28. Valderas JM, Kotzeva A, Espallargues M, Guyatt G, Ferrans 
CE, Halyard MY, Revicki DA, Symonds T, Parada A, 
Alonso J. The impact of measuring patient-reported 
outcomes in clinical practice: a systematic review of the 
literature. Qual Life Res. 2008 Mar;17(2):179–93. DOI: 
http://dx.doi.org/10.1007/s11136-007-9295-0. 

29. Revicki D, Feeny D. Journal of Patient-Reported Outcomes: 
aims and scope. J Patient-Reported Outcomes. 2017 Sep 
12;1(1):6. DOI: http://dx.doi.org/10.1186/s41687-017-0009-
2. 

 SUPPLEMENTAL FILES  

• Appendix A: Provider eligibility and baseline 
survey 

• Appendix B: Primary care providers Active 
group educational tutorial 

• Appendix C: Primary care providers Control 
group educational tutorial 

• Appendix D: Patient interview data collection 
instruments 

 

AUTHORS’ AFFILIATIONS 

Marianne Burke, MA, AHIP, 
Marianne.Burke@uvm.edu, 
https://orcid.org/0000-0001-5640-4475, Dana 
Medical Library, University of Vermont, 
Burlington, VT 05405 

Benjamin Littenberg, MD, 
Benjamin.Littenberg@med.uvm.edu, 
https://orcid.org/0000-0002-7647-1808, 
General Internal Medicine Research, Larner 
College of Medicine, University of Vermont, 

Burlington, VT 05405 

 

Received August 2018; accepted November 2018 

 

 
Articles in this journal are licensed under a Creative 
Commons Attribution 4.0 International License. 

 

This journal is published by the University Library System 
of the University of Pittsburgh as part of its D-Scribe 
Digital Publishing Program and is cosponsored by the 
University of Pittsburgh Press. 

ISSN 1558-9439 (Online) 

http://dx.doi.org/10.1111/j.1472-8206.2004.00234.x
http://dx.doi.org/10.1007/s11136-007-9295-0
http://dx.doi.org/10.1186/s41687-017-0009-2
http://dx.doi.org/10.1186/s41687-017-0009-2
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/821
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/821
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/947
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/947
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/948
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/948
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/822
http://jmla.mlanet.org/ojs/jmla/article/downloadSuppFile/581/822
mailto:Marianne.Burke@uvm.edu
https://orcid.org/0000-0001-5640-4475
mailto:Benjamin.Littenberg@med.uvm.edu
http://orcid.org/0000-0002-7647-1808
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://www.library.pitt.edu/
http://www.pitt.edu/
http://www.library.pitt.edu/d-scribe-digital-collections
http://www.library.pitt.edu/d-scribe-digital-collections
http://upress.pitt.edu/
http://creativecommons.org/licenses/by-nc-nd/3.0/us/

	University of Vermont
	ScholarWorks @ UVM
	2018

	Effect of a Clinical Evidence Technology on Patient Skin Disease Outcomes in Primary Care: A Cluster-Randomized Controlled Trial
	Marianne Burke
	Benjamin Littenberg MD
	Recommended Citation


	Marianne Burke, MA, AHIP; Benjamin Littenberg, MD
	See end of article for authors’ affiliations.
	INTRODUCTION
	METHODS
	Study design, model, and setting
	Provider subjects
	Patient subjects
	Intervention
	Measurements
	Data collection
	Blinding
	Analysis

	RESULTS
	Problem resolution
	Return appointments

	DISCUSSION
	Strengths and limitations
	Implications

	CONCLUSION
	TRIAL REGISTRY
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	References
	Supplemental Files
	Authors’ Affiliations
	Marianne Burke, MA, AHIP, Marianne.Burke@uvm.edu, https://orcid.org/0000-0001-5640-4475, Dana Medical Library, University of Vermont, Burlington, VT 05405
	Benjamin Littenberg, MD, Benjamin.Littenberg@med.uvm.edu, https://orcid.org/0000-0002-7647-1808, General Internal Medicine Research, Larner College of Medicine, University of Vermont, Burlington, VT 05405
	Received August 2018; accepted November 2018

