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Objective
To improve diagnosis of Lyme facial palsy by incorporating geographic variability of Lyme disease into a clinical decision support algorithm.
Background
When the possible causes of a patient’s condition vary geographically, knowledge about local scale disease incidence could help steer clinicians towards the most likely diagnosis. Children with peripheral facial palsy pose diagnostic challenges, because optimal management at the point of care requires correctly identifying the etiology for the palsy. Diagnostic test results, if ordered, often are not known for several days, leaving clinicians to choose a treatment strategy without confirmatory serology.  We hypothesize that quantitative use of the patient’s geographic risk of Lyme disease would improve the accuracy of diagnosis. Prediction rules factor in history, physical exam and sometimes season to identify the correct cause of the palsy, but to date, no models have incorporated residential location as a predictor. 
Methods
A chart review was conducted of all children under 20 years presenting to a pediatric emergency department with a peripheral facial palsy who were tested for Lyme disease from 1995-2007. Variables collected included demographics, signs and symptoms commonly associated with Lyme disease or facial palsy, and laboratory results.  Based on county level Lyme incidence data from public health data sources over the same time period, we calculated an epidemiological context variable based on the average Lyme incidence over the previous 3 years in each county.  Using logistic regression, three prediction models were derived: 1) clinical model; 2) epidemiological model; and 3) “combined model” which included all clinical and epidemiologic variables. Bootstrap validation was performed for each model. The best clinical, epidemiological, and combined models were compared across standard metrics (sensitivity, specificity, positive/negative predictive value (PPV, NPV), and area under the ROC curve (AUC)).
Results
94/264 patients had Lyme. Factors independently associated with Lyme facial palsy were: residence in a county where the 3 year average incidence exceeded 4 cases/100,000 (odds ratio 18), presentation from June-November (OR 25), fever (OR 3.9) and headache (OR 2.7). The optimal model included clinical, temporal and spatial factors. A model using only clinical factors generated an AUC of 0.71. A model using only epidemiologic factors had improved AUC (0.84), while the model using both clinical and epidemiologic factors had the best AUC (0.89).  The figure shows Lyme positive rates classified by presence of epidemiologic risk factors, and further stratified by clinical risk factors.
	Epidemiologic Risk Factors present (Lyme positive rates)
	Clinical risk factors present, within epi risk factors category (Lyme positive rates)

	High-risk season AND high-risk location 87/134 65% Lyme pos
	Fever AND headache 22/22 100%

	
	Fever OR headache 30/43 70%

	
	Neither 35/69 51%

	High-risk season OR high-risk location 7/84 8%
	Fever AND headache 0/4 0%

	
	Fever OR headache 4/17 24%

	
	Neither  3/63 5%

	Neither high-risk season nor location 0/46  0%



Patients from high-risk locations presenting during Lyme season accounted for 93% (87/94) of cases.  Clinical experts correctly treated 68/94 (72%) patients with Lyme facial palsy, but a tool incorporating geographical and seasonal risk would have identified all 94 cases.
Conclusions
Integrating Lyme incidence data into a clinical decision support model improves diagnostic accuracy and Lyme facial palsy management.  This approach may be beneficial for evaluating other Lyme presentations and other conditions with geographic variability.
References
Further Information:
Andrew Fine, MD, MPH  Andrew.Fine@childrens.harvard.edu  
Supported by CDC Mentored Public Health Research Scientist Development Award 1K01HK000055.
