A Clinical Decision Support System for Chronic Ocular Discomfort.
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Introduction:
Chronic Ocular Discomfort is a common complaint that is frequently due to dry-eye syndrome. This can be primary aqueous tear deficiency but is more commonly evaporative dry eye secondary to meibomian gland dysfunction. Meibomian gland dysfunction (MGD) may well be the leading cause of dry eye symptoms worldwide 
.
Within the UK’s National Health Service, most of these patients are managed within primary care but a substantial proportion is referred to intermediate or to secondary care.

A recent audit in of intermediate care in Bexley
 reports 26% of referrals to The Primary Eyecare Acute Referral Scheme (PEARS) are for dry eye and watery eyes.

A 1997 analysis
 found 18.5% of new ophthalmology attendances in secondary care were for manifestations of chronic MGD. 

The costs of attendances in primary, intermediate and secondary care together with medication costs are considerable. CBDM.T®
, (the market and business intelligence company) has estimated the “USA Dry Eye Disease market” at 2.4 billion USD in 2014. We estimate NHS costs as about 0.6 billion USD in 2014 (lower pro-rata because of the rarity of Ciclosporin ophthalmic emulsion prescriptions for dry-eye currently in The UK) making the chronic ocular discomfort service costs as on a similar order of magnitude as NHS cataract or glaucoma services.
Despite the cost, patient experience can be poor - particulalry with regard to waiting time following referral. Patients with dry-eye syndrome are intensely symptomatic, sufficient to figuratively trade-off the same number of years of remaining life to be free from their symptoms as those suffering from angina and awaiting coronary artery bypass surgery
.

Despite unpleasant symptomatology such patients are often prioritised as “routine” - and can wait to be seen – this because the risk of compromise to eye health is extremely low.
Clinical decision support systems (CDSS) are designed to provide support in patient care, reducing access times and potentially improving diagnostic accuracy6.
The EyeCalm.org©™ - a Clinical Decision Support System for chronic ocular discomfort - was developed to; improve access time, provide online symptom-based evaluation and to support patient self-management in chronic ocular discomfort. 
We had previously undertaken Bayesian graphical modelling - based on published prevalence data of the likely causes of chronic ocular discomfort –to explore the potential predictive ability of a symptom based CDSS. Our (unpublished) results indicated that evaporative dry-eye could be reliably identified – slightly more so than aqueous deficiency causes. This finding held, as would be anticipated7, regardless of the findings on slit-lamp examination or Schirmer test result. 
In this study we examine the potential of EyeCalm.org  to assist evaluation.
Methods:
We compared the outcome of routine clinical evaluation by a consultant ophthalmologist against that of EyeCalm.org ©™ on 46 patients who exhibited features of dry-eye syndrome, using the probability of agreement between diagnoses. 
The probability of agreement was estimated, together with a 95% confidence interval using the R package ‘binom’ in R version 3.1.2. 
The confidence interval was calculated using the Wilson score method.
In addition, we estimated Cohen’s kappa statistic. A 95% confidence interval was found using the R package ‘fmsb’8. 
In a secondary analysis, we compared the proportion of time each diagnosis was associated with a significant co-morbidity using McNemar’s test for paired data.

Results:
We studies 29 women whose ages ranged from 15-88 years (mean age 53.3 years) and 18 men whose ages ranged from 21-79 years (mean age 51.2 years) who suffered from chronic ocular discomfort – duration of at least 6 weeks.

Figure 1 gives the outcome of both routine clinical evaluation by a consultant ophthalmologist and EyeCalm.org ©™  

Figure 1. Number (percentage) of patients in each clinical evaluation outcome group.

	 Clinical Evaluation
	Consultant Ophthalmologist
	EyeCalm.org ©™  

	
	
	

	predominantly evaporative dry-eye syndrome
	41 (89%)
	38 (82%)

	
	
	

	predominantly mixed evaporative/aqueous deficient DES
	5 (10.8%)
	3 (6.5%)

	
	
	

	predominantly aqueous deficient dry-eye syndrome
	0
	0

	
	
	

	No evaluation possible
	0
	5 (10.8%)


The majority of patients were regarded as suffering chronic ocular discomfort from either evaporative dry-eye alone or in combination with aqueous tear deficiency. 

The estimated probability of agreement was 0.80 (95% CI 0.67,0.89). 

The estimated Cohen’s kappa coefficient was 0.24 (-0.09,0.57). 

The probability of agreement was significantly better than 0.5 (p<0.001).
The weighted kappa statistic was 0.17 (0.11,0.23), 

Figure 2 gives the outcome of identified potential co-morbidities 
Figure 2 Number (percentage) of patients where potential co-morbidities were identified
	Potential co-morbidities
	Consultant Ophthalmologist
	EyeCalm.org ©™  

	
	
	

	Potential influence of topical medications
	3 (6.5%)
	16 (34%)

	
	
	

	Potential influence of systemic medications
	6 (13%)
	29 (63%)

	
	
	

	Potential influence of systemic disease
	4 (8.7%)
	23 (50%)


EyeCalm.org ©™ detected a statistically significant greater proportion of potentially operant co-morbidities than routine clinical evaluation
Discussion:
EyeCalm.org ©™  is designed to perform cognitively rich work; to evaluate symptoms and then outline a management regime from patient inputted data. 

In the first part of this study we observed a high level of agreement on primary aetiologically differentiation between EyeCalm.org ©™ and evaluation by a consultant ophthalmologist with an estimated probability of agreement was 0.80 (95% CI 0.67,0.89). 
As can be seen from figure 1, disagreement on primary aetiologically differentiation is accounted for by the CDSS algorithm determining “no evaluation (was) possible” in 10.8% of instances. . In no patients did clinical examination reveal findings significantly at variance with symptomatology.
The CDSS was designed to be risk averse and resile from evaluation where discrepancies in inputted information exceeded a pre-determined level. It is envisaged that information garnered from larger scale “field-trials” would allow improvement in design and effectiveness to reduce this rejection rate by additional data gathering where discrepancies arose. 
We also found that EyeCalm.org ©™ was superior to evaluation by a consultant ophthalmologist in detecting potentially causally significant co-morbidities overlooked by the consultant ophthalmologist.
Diagnosis, prognostication and treatment, are fundamental to the work and responsibilities of physicians, but the complexity of medical problems and cognitive limitations invites error9. 

A study of US Board-Certified physicians, were confident in the accuracy of their diagnoses, found they were able to correctly diagnose only 55.3% of easier and 5.8% of more difficult clinical vignettes10. Medical decision error results in an estimated avoidable 30% morbidity and mortality 6. Diagnostic error leads to resource misuse, poor clinical quality and contributes to high healthcare costs11.
Such errors on the part of clinicians; “...data-gathering and synthesis problems (i.e., cognitive errors) related to the medical history (56.3%)” are well recognised12.  This is possibly the result of the quantity of information the clinician needs to deal with exceeds the limits of the capacity to process and remember information 13.
In contrast the CDSS is relentlessly consistent in taking and recording patient history avoiding such errors. 
The relatively high accuracy of these results is notable and is sufficient to give confidence that further larger studies of this CDSS in the care such of patients are warranted.
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