Does Teledermatology reduce secondary care referrals and is it acceptable to patients and doctors: a service evaluation
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Abstract 
Rationale, aims and objectives
Referrals to dermatology for skin lesions is increasing. Teledermatology allows patients to obtain specialist advice remotely. The aim of this study is to assess if teledermatology reduces secondary care dermatology referrals and evaluate its acceptability to patients and clinicians.
Methods 
A twenty-four month before and after comparative evaluation of a teledermatology service was undertaken involving four non-randomly allocated intervention practices and eighteen control practices. Referral data for 12 months before and after the introduction of teledermatology was compared in intervention and control practices. Patient questionnaires explored their satisfaction and structured user dialogues explored the usefulness and benefits to clinicians. Time series analysis, adjusted for age and sex, was undertaken to assess the impact on secondary care referrals.
Results
There were 195 Telederm referrals during the 12 month pilot period. Seborrhoeic keratosis was the commonest diagnosis. No action was required in 86 patients. Urgent referral to secondary care was recommended in 64 patients and routine referral in 19. The difference in referral rate before and after was +2.11 referrals per 1000 practice population in the teledermatology group and +1.39 in the control group. This was statistically significant in the adjusted, but not unadjusted, analysis. There was a 14% response rate for the questionnaire. The service was very popular with patients and clinicians.  Clinicians highlighted the significant educational benefit.
Conclusion	
We did not find any evidence that teledermatology reduced secondary care referral rates but in this small pilot, we found that it increased referrals in the short term. It was very popular among patients and clinicians, especially for its educational value.

Introduction
Between 1995 and 2010 there was a 36% increase in dermatology outpatient referrals in England.[1] In 2012-13 there were over 860,000 first dermatology outpatient appointments and over 2.2 million follow-up appointments.[2] The continual rise in referrals has led to calls for action.[3]
On average patients in England wait about a month for a first appointment.[4] This is inconvenient to patients, evidenced by the fact that one in seven first time appointments are cancelled and one in 25 patients do not attend the first appointment.[4] Patients often take time off work and travel considerable distances. Many of the skin lesions referred take an experienced dermatologist only a few seconds to diagnose. Innovative methods including teledermatology potentially offer convenience to patients and efficiency in the healthcare system. Only 0.04% of first outpatient appointments in 2012-13 in England involved telecare.[2]
Teledermatology uses technology to allow patients to be assessed at a distance. This ranges from simple email communications with clinical history and photo of lesion to more complex, store and forward systems[5]. Teledermatology allows specialists to rapidly examine and triage cases from photographic images, recommending management plans. Teledermatology also improves resource allocation in secondary care. Specialists can triage, diagnose and prepare management plans for several more patients over a set period by using teledermatology than individual face to face consultations.  Previous research has found mixed results for teledermatology and concluded that more research is needed, especially in regards to the benefits and contexts[6] and its use remains controversial.[7] The aim of this study was to assess if teledermatology reduces secondary care referrals to dermatology for skin lesions and evaluate its acceptability to patients and clinicians 


Methods
A twenty-four month before and after comparative evaluation of a teledermatology service was undertaken involving four non-randomly allocated intervention practices and eighteen control practices to assess if teledermatology reduced secondary care referrals. Monthly referral data were analysed for five telederm practices and 18 non-telederm practices (using routine treatment) in Norwich CCG area. Time series analysis, adjusted for age and sex, was undertaken to assess the impact on secondary care referrals. Patient questionnaires explored their satisfaction and structured user dialogues explored the usefulness and benefits to clinicians. The protocol was reviewed by the UEA Faculty Research Ethics Committee (2012/2013-50SE) chair who found no issues with confidentiality or harm to participants and confirmed that formal NHS ethics approval was not necessary as it met the definition of service evaluation.
Norwich Clinical Commissioning Group (CCG) invited all practices to participate in a pilot for the use of a teledermatology service, Telederm, and five non-randomly selected practices piloted its use from April 2013 to March 2014. The CCG provided each participating practice with the equipment and training to use the technology. The service was initiated after a launch event by the Clinical Commissioning Group which included a small news story in a local newspaper about the service. A programme manager from the CCG provided support to the practices throughout the pilot, including site visits and additional training as required. Clinicians were asked to only use the service in patients who they would have otherwise referred.
Telederm allows a user to take a high-quality dermoscopic picture using an iPhone. A dermoscope attached to a standard iPhone and the Telederm App was used to record the clinical history, encrypt data and send to a secure server. It is estimated that the whole process takes about four minutes.[8] The image and clinical details were then reviewed by a GP with specialist interests in dermatology. A teledermatology report was then sent via email within three working days. Set up costs include the cost of an iPhone, a dermoscope and WIFI connection. There is also a one off fee for each teledermatology referral. 
The primary outcome was secondary care referrals to dermatology. Two week wait data were not included since it was not routinely available. Secondary outcomes included diagnosis, management plan, patient and user satisfaction, mechanisms of use, benefits and challenges of using the technology and adverse events. Data was collected prospectively from a number of different sources. The CCG provided the number of referrals to dermatology from each practice per month, obtained directly from the Norfolk and Norwich University Hospital NHS Foundation Trust. The Mole Clinic (providers of Telederm) collected anonymised data on the age, sex, diagnosis and management plan for each Telederm referral. Questionnaires with a stamped addressed envelope to ask about satisfaction, confidence in results and willingness to use the service again were handed out after each consultation involving use of telederm. No questionnaires were given to patients who received routine treatment. Responses were collated and analysed descriptively. Four structured user dialogues were undertaken with clinicians who used the technology by face-to-face interview, telephone discussion and email. The purpose was not to undertake a detailed qualitative analysis, but rather understand the positive and negative aspects of the technology from a user’s perspective. The main user from each site was selected. A structured template was used for each dialogue. Face to face interviews were recorded and transcribed. Themes were extracted and collated from the structured user dialogues. 
Statistical analysis
Monthly dermatology referral data were obtained for five GP practices, which used Telederm from April 2013 to March 2014, and 18 non-Telederm GP practices within Norwich Clinical Commissioning Group. All practices within the Clinical Commissioning Group were included to reduce bias and the potential of spurious results. One Telederm practice was excluded that did not have complete data because of practice restructuring. The referral data analysed included the 12 month period prior to the introduction of Telederm (introduced only in the group of five practices) and the 12 months period after the pilot began in those five practices (total study period from Feb 2012 to April 2014).
A time series analysis was undertaken in Stata Version 12.[9] Months were used as the unit of time and practices as the panel variable. Negative binomial regression was used to assess the effect of the introduction of telederm on dermatology referrals. Regression was adjusted for age and sex and weighted based on practice size. The analysis was repeated excluding the results for the first three months to account for potential overuse of the new technology due to an initial learning curve phase or a novelty effect.

Results
Telederm data
There were 195 Telederm referrals during the 12 month period. Responses were given in 148 cases (75.9%) on the same day, 184 (94.3%) within one day, 190 (97.4%) within two days and 195 (100%) within three days. The mean age was 50 years (median 52.5 years) and ranged from 0 to 91. There were 125 females and 70 males.
Table 1 shows that seborrhoeic keratosis was the commonest primary diagnosis, followed by typical mole and actinic keratosis. There were nine Bowen’s disease/squamous cell carcinoma.  Ninety-nine patients were given a secondary diagnosis. Severely atypical mole and melanoma were the commonest secondary diagnoses.  
Table 2 shows the recommended management. No action was required in 86 patients, 34 of which were given the advice to watch and wait. Urgent referral to secondary care was recommended in 64 patients and routine referral in 19. 
Referral data
Table 3 and Figure 1 show dermatology referrals for Telederm and non-Telederm practices. This shows that there were a total of 15.19 referrals to dermatology per 1000 practice population in the 12 months before the pilot and this increased to 17.30 during the pilot period (difference + 2.11 referrals per 1000 practice population). In the non-Telederm group there were a total of 13.85 referrals per 1000 practice population in the 12 months prior to the pilot and 15.25 in the pilot period (difference of +1.39 referrals per 1000 practice population). Therefore, compared with the non-Telederm practices, there was an additional 1 secondary care dermatology referral for every 1,389 practice population in practices which used Telederm over the first year. 
Unadjusted time series analysis showed no statistically significant difference between introduction of Telederm referrals and secondary care referrals (negative binomial regression coefficient 0.018 (95%CI -0.001 to 0.037)). Adjusted time series analysis for age and sex, weighted for practice size, showed that the Telederm referrals statistically significantly increased the number of secondary care dermatology referrals (negative binomial regression coefficient 0.037 (95%CI 0.17 to 0.057)). The results were the similar when the first three months were excluded with an expected widening of confidence intervals, but not to change statistical significance. 
Patient questionnaires
Only 28 patients completed the patient questionnaire (14%). The questionnaire revealed that 33% of patients had their picture taken during the initial consultation, whereas 67% were asked to return for another appointment.  75% of patients were told the results over the phone and 25% asked to attend another appointment.
Figure 2 shows patient satisfaction and confidence in the results. .Most patients were very satisfied with Telederm and the speed of the response. One patient reported being very dissatisfied. S/he added a free text comment stating that she had been asked to book another appointment by mistake because the results should have been given over the phone. Most patients were very confident in the diagnosis and would be happy to use the service again. Eleven patients entered free text comments which were all positive except for the aforementioned. The most common theme was the speed and efficiency of the service.
Structured User dialogues
Four structured user dialogues were undertaken. Major themes were 1) overall users were very satisfied with the service. One clinician commented, “I think it’s absolutely brilliant. It’s one of the few initiatives I can see straight through”. One practice had problems with establishing a wireless internet connection to use the technology. 2) Practices used the technology is slightly different ways. Some patients have the picture taken immediately; others wait until the end of the surgery, while others came back for another appointment. It also became apparent that some clinician used the service for diagnostic uncertainty rather than exclusively for patients who would have been referred. 3) One user stated that there had been an increase in demand following the media coverage.4) All users were very happy with the speed of response. 5) Users identified education as one of the greatest benefits. All users independently stated that the service improved their knowledge and confidence in managing dermatological cases. One user had voluntarily started auditing their referrals. 5) No safety concerns were raised.

Discussion
Statement of principal findings
We did not find any evidence that teledermatology reduced secondary care referral rates but in this small pilot, we found that it increased referrals in the short term. The service was very popular with patients and clinicians. User feedback suggests that the service has significant education benefits for clinicians.
Strengths and limitations
Using a before and after design with a control group allows for time series to be analysed whilst being able to examine the overall trend in non-participating practices. This was especially important in the study where there was an increase in both intervention and control practices over the course of the study. Data was collected prospectively from multiple different sources to comprehensively evaluate the service. Speaking to users proved useful because it highlighted benefits and drawbacks which were not identified in the referral data. Using a single Clinical Commissioning Group meant that policies and procedures were relatively stable throughout all practices.
Limitations included the selection of Telederm practices. There is likely to be selection bias, since the practices who were willing to participate in the pilot were likely to be keen, proactive practices. It was a relatively small study and 12 month follow-up will not demonstrate long term changes. Furthermore the final outcome of the referrals is not known and therefore the diagnostic accuracy, safety and appropriateness of the referral in either group are unknown. Although the analysis was weighted by practice size and adjusted for age and sex, there is always the possibility of residual confounders that were not adjusted for. The structured user dialogues were not designed as formal qualitative research. Only 14% of respondents completed the patient questionnaire making results difficult to interpret. The low response rate was primarily due to practices not giving the questionnaires to patients despite numerous prompts from the evaluation team. The new story which accompanied the launch may have increased referrals.
Implications for practice
It was unexpected that dermatology hospital referrals did not decrease despite 195 Telederm referrals. An increase in referrals is not unheard of when a new services is introduced.[10] However 44% of the management plans did not require secondary care referral and it would have been expected that this group would represent avoidable referrals. This could be explained by a number of factors. Firstly, some clinicians may not have used the service for patients who would have otherwise been referred. The easy availability of this technology may have had an impact on clinician thresholds which may have prompted its use in situations where there was smaller degrees of diagnostic uncertainty. Therefore some additional referrals may have been generated.  There may also have been a novelty effect, where clinicians tested the equipment to see how it functioned.  However when the analysis was repeated excluding the first three months results were similar. 
Secondly clinicians may have used the technology instead of employing a watch and wait strategy. Having an opportunity to give a diagnosis and management plan without leaving the consultation room will invariably lower the threshold for seeking a specialist opinion. This moves forward the time of decision making for patients who would have otherwise had to watch and wait.
Thirdly there might have been an increase in demand in the practices that used the technology because of its convenience. Patients who used the service may have told friends and families which would have motivated them to see their GP about a lesion. 
The technology is clearly very popular with patients and clinicians. This demonstrates that the technology worked well and was user friendly. Without clinician dialogues the educational benefits would not have been identified. Over time this technology may increase the knowledge and confidence of GPs, which in turn may reduce dermatology referrals and/or increase the appropriateness of the referrals. Assessing the optimum referral rate is clearly very important.[11]
Comparison with existing literature
A few studies have been published assessing teledermatology.[12-15] A systematic review of teledermatology in 2011 included 78 studies.[6] The authors found mixed results when comparing teledermatology and clinic dermatology. Generally speaking the authors found that under certain circumstances teledermatology reduced time to treatment and clinic visits. Our study did not find evidence that Telederm reduced secondary care referrals. However if there was a longer follow-up and the technology was used by clinicians who had poorer dermatology skills there may have been a reduction in referrals. In 2013, a randomised controlled trial was published which compared teledermatology (n=196) or conventional consultation (n=196) in patients with skin problems including non-lesions.[16] The authors found that teledermatology was similar to conventional consultation in regards to skin quality of life and clinical course. This would suggest that if teledermatology could be proven to be efficient in the longer term, there could be substantial benefits to the healthcare system
Van Risjsingen and colleges assessed the level of knowledge of dermatology among GPs by comparing referral letters with definitive diagnoses.[17] The authors found that malignant skin tumours were often poorly recognised by GPs and seborrhoeic keratosis were often mistaken for naevi. The authors argue that there is an urgent need for dermatology training among staff. Whilst this the authors did not specifically look at teledermatology, it supports the need for innovative ways to improve dermatology training among GPs. We found that Teledermatology was a good education tool and may effectively meet the training needs of GPs.
Implications for research 
Large randomised controlled trials are needed to evaluate the effectiveness of teledermatology. A challenge is that the evidence-base cannot keep pace with the evolution of technology. Therefore future randomised controlled trials should focus on the science and theory of teledermatology, rather than specific pieces of technology that will be replaced. More research is needed to identify the best place for teledermatology in the patient pathway to improve quality of referral.[18 19] Furthermore research is needed to measure the educational benefits of teledermatology and assess if these translate into better outcomes for patients.
We did not find any evidence that teledermatology reduced secondary care referral rates but in this pilot, we found that referrals increased in the short term. It was very popular with patients and clinicians. User feedback suggests that the service has significant education benefits. More research is needed that focuses on the science and theory of teledermatology, rather than individual pieces of technology that will be replaced.
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Figure Legends
Figure 1: Trend of referrals
Figure 2: Patient satisfaction results from questionnaire
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Table 1: Primary and secondary diagnoses
	Diagnosis
	Primary
	Secondary

	Seborrhoeic keratosis (basal cell papilloma)
	34
	8

	Typical mole
	31
	<5

	Actinic keratosis
	23
	6

	Moderately atypical mole
	18
	14

	Severely atypical mole
	18
	22

	Actinic lentigo
	15
	<5

	Basal cell carcinoma (Low Risk)
	10
	<5

	Bowen's disease/Squamous cell carcinoma
	8
	7

	Image unfit for dermatoscopic diagnosis
	8
	<5

	Basal cell carcinoma (High Risk)
	7
	<5

	Probable irritated mole
	6
	<5

	Dermatofibroma
	5
	0

	Angioma
	<5
	0

	Bowen's disease
	<5
	0

	Lesion unsuitable for dermatoscopic diagnosis
	<5
	0

	Melanoma
	<5
	22

	Not a pigmented lesion or mole (no action)
	<5
	<5

	Squamous cell carcinoma
	0
	<5

	None
	0
	96

	Total
	195
	195





Table 2: Recommended management from Telederm 

	Recommended Management
	Number
	Percentage

	Urgent referral to a Secondary Care Specialist recommended
	64
	33

	No action required.
	52
	27

	No action required. Watch and wait.
	34
	17

	Management as per local guidelines
	15
	8

	Routine referral to a Primary or Secondary Care Specialist recommended.
	10
	5

	Routine referral to a Secondary Care Specialist recommended
	9
	5

	Please re-image and re-submit.
	8
	4

	Dermatoscopic Diagnosis not possible due to lesion location or size.
	3
	2

	 Total
	195
	100





Table 3: Secondary care dermatology referral data
	Practice
	Practice size
	12 months before
	12 months after
	Difference
	Referral rate per 1000 practice pop 12 mths before
	Referral rate per 1000 practice pop 12 mths after
	Difference in rate 12 mths before and 12 mths after

	Telederm 1
	12,769
	197
	206
	9
	15.43
	16.13
	0.70

	Telederm 2
	12,563
	163
	207
	44
	12.97
	16.48
	3.50

	Telederm 3
	4,151
	86
	88
	2
	20.72
	21.20
	0.48

	Telederm 4
	7,916
	122
	146
	24
	15.41
	18.44
	3.03

	Total Telederm
	37,399
	568
	647
	79
	15.19
	17.30
	2.11

	Non-Telederm 1
	16,919
	121
	176
	55
	7.15
	10.40
	3.25

	Non-Telederm 2
	9,729
	147
	148
	1
	15.11
	15.21
	0.10

	Non-Telederm 3
	8,945
	36
	33
	-3
	4.02
	3.69
	-0.34

	Non-Telederm 4
	2,922
	362
	400
	38
	123.89
	136.89
	13.00

	Non-Telederm 5
	6,935
	68
	91
	23
	9.81
	13.12
	3.32

	Non-Telederm 6
	4,827
	45
	63
	18
	9.32
	13.05
	3.73

	Non-Telederm 7
	15,867
	291
	299
	8
	18.34
	18.84
	0.50

	Non-Telederm 8
	6,404
	82
	75
	-7
	12.80
	11.71
	-1.09

	Non-Telederm 9
	10,464
	89
	135
	46
	8.51
	12.90
	4.40

	Non-Telederm 10
	8,067
	130
	167
	37
	16.12
	20.70
	4.59

	Non-Telederm 11
	7,782
	66
	73
	7
	8.48
	9.38
	0.90

	Non-Telederm 12
	5,641
	74
	71
	-3
	13.12
	12.59
	-0.53

	Non-Telederm 13
	12,789
	157
	130
	-27
	12.28
	10.16
	-2.11

	Non-Telederm 14
	14,155
	234
	175
	-59
	16.53
	12.36
	-4.17

	Non-Telederm 15
	2,718
	83
	73
	-10
	30.54
	26.86
	-3.68

	Non-Telederm 16
	9,765
	111
	142
	31
	11.37
	14.54
	3.17

	Non-Telederm 17
	15,197
	137
	161
	24
	9.01
	10.59
	1.58

	Non-Telederm 18
	11,599
	132
	191
	59
	11.38
	16.47
	5.09

	Total non-Telederm 
	170,725
	2,365
	2,603
	238
	13.85
	15.25
	1.39



