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			Abstract

			Background: Electronic medical records (EMR) allow providers to document and maintain comprehensive medication lists for patients. Comprehensive EMR also provides medication reconciliation functionalities which can be used to identify potential medication errors. 

			Objectives: The objectives of the study were to determine the prevalence of medication errors by type and to determine the effect of medication reconciliation on the occurrence of any medication error in a large outpatient setting in an urban teaching hospital.

			Methods: A retrospective chart review was conducted in a large family medicine outpatient clinic at an urban teaching hospital from September 1, 2015 – August 31, 2016. The primary outcome of this study was the occurrence of any medication error. Other study variables included patient socio-demographics, clinical data, current medications, and medication reconciliation. Descriptive statistics were estimated for all variables. Logistic regression analyses were used to determine the effect of medication reconciliation and other factors on the occurrence of a medication error.

			Results: There were 1,000 unique patients from the EMR records included in this analysis. The prevalence of medication errors was 36.6% and that of completed medication reconciliations in the EMR was 47.7% respectively. The three most common medication error types were drug-drug interactions (202, 20.2%), errors of omission (180, 18%), and duplication of therapy (123, 12.3%). Total number of medications and (OR= 1.30 (1.24 – 1.37)) and completed medication reconciliation (0.18 (0.13 – 0.26)) were predictive factors of an occurrence of a medication error.

			Conclusion: At least a third of the patients had at least one reported medication error in this study. Completed medication reconciliation can significantly reduce the potential for medication errors in an outpatient setting in this era of EMR proliferation.
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			Introduction 

			The adoption of electronic medical records (EMR) has allowed health care providers the ability to document clinical activity, do e-prescribing and maintain a comprehensive medication list for each patient [1]. Periodic medication reconciliation using a patient’s EMR should be done to ensure a complete, up to date and correct medication profile. Additionally, it should also be done in order to check drug-drug interaction issues, correct dosing, dosage adjustment needs, accuracy of allergy information, therapeutic duplications, and status of inactive medications. 

			One of the main advantages of medication reconciliation is the reduction of medication errors during the care continuum [2]. After the Health Information Technology for Economic and Clinical Health (HITECH) Act in 2009, broad EMR adoption was 

expected. This policy driven adoption of EMR was expected to further increase reduction of medication errors. Thus far the benefit of EMR-facilitated medication reconciliation on medication error reduction has not been comprehensively explored in the outpatient setting. Furthermore, recent reports indicate that challenges with full adoption of medication reconciliation within EMR continue to prevail [3]. These challenges may be leaving room for medication errors or discrepancies to persist. Estimates of medication errors in the post HITECH era are estimated to be between 7.6%- 39.6% in the outpatient setting [4,5]. While the National Coordinating Council for Medication Error Reporting and Prevention (NCCMERP) discourages comparison of medication error estimates across care settings and institutions, it does emphasize the need for their reduction [6,7]. 

			Pharmacists are a critical part of the health care team and have been part of beneficial medication reconciliation interventions [8,9]. however, more formalized efforts in the implementation of pharmacist-driven medication reconciliation interventions are needed in outpatient care settings. A review of the literature points to a gap in medication error estimates from large studies in urban outpatient settings in the post HITECH era. As these care settings are likely to serve more diverse and complicated types of patients, a closer examination of patterns of medication errors is warranted to prevent further errors from occurring.

			 Medication reconciliation can be done using a health care team approach or dedicated team member approach using pharmacists or nurses. Presently data is lacking on the prevalence of medication errors using both approaches. To fill this knowledge gap, this study evaluated the prevalence of medication errors by type and an estimated of the effect of team-based medication reconciliation on medication errors in a large urban outpatient care setting [10].

			Methods

			Study Design and Setting

			A retrospective chart review was conducted in a large family medicine outpatient clinic at an urban teaching hospital from September 1, 2015 – August 31, 2016. Eligibility was limited to patients aged 18 years and older who had at least one clinic visit during the study period. If a patient had multiple visits to the Family Medicine Clinic, only the first clinic visit was included within the study population. This study was approved by the Institutional Review Board at Howard University. 

			Sample size calculation

			A sample size calculation based upon an exact test for a difference in proportion of medication errors from a constant value was done. The constant value was estimated from existing prevalence estimates in the literature. 4,5 A power of 80% and small effect size (g=0.1) was used in the calculation. Based upon this calculation our achieved sample size of 1000 was more than enough (>N=155) to find a difference.

			Study Variables

			The primary outcome of the study was the occurrence of a medication error. Other study variables included medication reconciliation patient socio-demographics, clinical data, and comorbid conditions.

			Data Collection

			A uniform data collection tool was developed to abstract information from the Family Medicine clinic electronic medical record program (Allscripts®). The collected socio-demographic data included age, gender, insurance, date of birth, race, weight, and height. Clinical data collected included documented allergies, renal function, liver function tests (AST, ALT, T. Bili, and Alk. Phos.), date of visit, comorbidities, current medications, and occurrence of medication reconciliation. All the data was collected by a single investigator, a sub sample validated by a separate investigator.

			Operational Definitions

			Operationally, types of medication errors were categorized as follows: incorrect dosing, renal adjustment, hepatic adjustment, duplication of therapy, incorrect frequency, drug-drug interaction, contraindication, allergy, lack of indication, and errors of omission and commission. Medication reconciliation was determined to occur at the visit reviewed, if each prescription was valid (not expired) and a complete medication record was documented to include drug name, dose, route, and frequency. 

			Medication errors related to renal and hepatic adjustment were identified through review of renal and hepatic function and appropriate dosing for each individual medication listed as a “current medication” in the chart. Drug interactions were evaluated using both Micromedex® and Lexicomp® and were documented if noted to be “severe” on both programs. 

			Statistical Analysis

			Descriptive statistics, including means and proportions were used to analyze all patient characteristics and medication error types. Simple and multiple logistic regression analysis was used to examine the predictive effect of medication reconciliation and other factors on the occurrence of a medication error. Variables included in the final model included age, gender, number of medications, insurance type, comorbidities and medication reconciliation. All analyses were conducted using IBM-SPSS statistical software, version 24 at an alpha of value of 0.05.

			Results

			Demographic and Clinical Characteristics

			Table 1: Patient characteristics of the study population.

			
				
					
					
				
				
					
							
							Characteristic

						
							
							N=1000

						
					

					
							
							Age (Mean)

						
							
							51.9±17.4

						
					

					
							
							Number of medications per profile

						
							
							5.5

						
					

					
							
							Women (N (%))

						
							
							574 (57.4)

						
					

					
							
							Insurancea

							Public

							Private

						
							
							687(69.0)

							308(31.4)

						
					

					
							
							Racea (N (%))

						
							
					

					
							
							Black or African American

						
							
							813 (81.3)

						
					

					
							
							Asian

						
							
							33 (3.3)

						
					

					
							
							Other

						
							
							32 (3.2)

						
					

					
							
							Caucasian

						
							
							12 (1.2)

						
					

					
							
							Provider who saw patient (N (%))

						
							
					

					
							
							Attending

						
							
							591 (59.2)

						
					

					
							
							Resident

						
							
							408 (40.8)

						
					

					
							
							Medication Reconciliation (N (%))

						
							
					

					
							
							Yes

						
							
							477 (47.7)

						
					

					
							
							No

						
							
							523 (52.3)

						
					

				
			

			There were 5,306 patients who visited the Family Medicine Clinic from September 1, 2015 to August 31, 2016. From this eligible group, 1000 were included in for this analysis. The demographic and clinical characteristics of the study participants are presented below in (Table 1). As shown, the mean age of the study population was 51.9 ±17.4). Majority of the population were African American (81.3%) and were on public insurance (69.0%).

			Medication Error Types

			Table 2: Types of medication errors identified.

			
				
					
					
				
				
					
							
							Error Type

						
							
							N (%)

						
					

					
							
							Potential Drug-Drug Interaction

						
							
							202 (20.2)

						
					

					
							
							Error of Omission

						
							
							180 (18)

						
					

					
							
							Duplication of Therapy

						
							
							123 (12.3)

						
					

					
							
							Error of Commission

						
							
							11 (1.1)

						
					

					
							
							Allergy

						
							
							7 (0.7)

						
					

					
							
							Incorrect Dosing

						
							
							5 (0.5)

						
					

					
							
							Renal Adjustment

						
							
							3 (0.3)

						
					

					
							
							Contra-indication

						
							
							3 (0.3)

						
					

					
							
							No Indication

						
							
							2 (0.2)

						
					

					
							
							Incorrect Frequency

						
							
							1 (0.1)

						
					

					
							
							Hepatic Adjustment

						
							
							0 (0)

						
					

				
			

			The overall prevalence of medication errors in this study was 36.6%. Of the records that had completed medication reconciliation, 12.8% had a medication error, while 58.3% of those that did not have completed medication had a documented medication error. A distribution of the error types is summarized on (Table 2). As shown, the most prevalent medication error type was drug-drug interactions found in 202 (20.2%) patients. Common drug-drug interactions seen in profiles were amlodipine/simvastatin where the simvastatin dose was greater than 20 mg daily; multiple narcotic prescriptions and concomitant use of benzodiazepines (for example Oxycodone/Acetaminophen, Oxycodone, Cyclobenzaprine, Acetaminophen with Codeine, Tramadol, Diazepam, etc.) 

			The second most common medication error identified was errors of omission, found in 180 patients (18%). These errors of omission included incomplete medication records that did not contain the full drug name, dose, route and instructions. Commonly noted prescription medications with incomplete regimens were “Proair AERS HFA” that did not contain common instructions such as “take 1 – 2 puffs Q4-6 H PRN” or Insulin prescriptions with instructions written, “as directed”. Over the counter medications did not always have a complete record and examples included: Advil Jr., Prilosec OTC, or Vitamin B6 tabs. The third most common medication error type identified was duplication of therapy, found in 123 patients (12.3%). This was seen in current medication profiles containing two medications in the same drug class or a medication that was prescribed with two different dosages or instructions. Commonly observed errors related to duplication of therapy included Gabapentin 300 mg TID vs. 400 mg TID, two proton-pump inhibitors listed (i.e. omeprazole and lansoprazole), or Viagra and Cialis both appearing on the current medication list (Table 2).

			Predictors of the occurrence of medication errors 

			Table 3: Factors predictive of a medication error.

			
				
					
					
					
					
					
				
				
					
							
							Factor

						
							
							Unadjusted OR (95%CI)

						
							
							p-value

						
							
							Adjusted OR

							(95%CI)

						
							
							p-value

						
					

					
							
							Age

							<65

							>=65

						
							
							Ref

							1.55 (1.15 – 2.09)

						
							
							0.004

						
							
							Ref

							0.96 (0.66 – 1.41)

						
							
							0.837

						
					

					
							
							Sex

							Male

							Female

						
							
							Ref

							1.01 (0.77 – 1.29)

						
							
							0.99

						
							
							Ref

							1.33 (0.96 – 1.85)

						
							
							0.090

						
					

					
							
							Total number of Medications

						
							
							1.37 (1.31 – 1.44)

						
							
							<.0001

						
							
							1.30 (1.24 – 1.37)

						
							
							0.000

						
					

					
							
							Insurance Type

							Public

							Private

						
							
							Ref

							0.70 (0.53 – 0.94)

						
							
							0.016

						
							
							Ref

							0.91 (0.63 – 1.29)

						
							
							0.586

						
					

					
							
							Comorbidities

							None

							One or More

						
							
							Ref

							2.99 (2.06 – 4.33)

						
							
							<.0001

						
							
							Ref

							1.06 (0.66 – 1.69)

						
							
							0.824

						
					

					
							
							Completed Medication Reconciliation*

							No

							Yes

						
							
							Ref

							0.11 (0.08 – 0.14)

						
							
							<.0001

						
							
							Ref

							0.18 (0.13 – 0.26)

						
							
							0.000

						
					

				
			

			Predictive factors of medication errors are summarized in (Table 3). The significant predictors in the bivariable analysis were age, total number of medications, insurance type, comorbidities, and medication reconciliation (p<0.05). The adjusted multivariable model showed that total number of medications and medication reconciliation remained significant predictors of medication errors occurrence (Table 3). The findings showed that for each additional medication a patient was taking, the odds of medication errors increased (adjusted OR=1.30 [95%CI: 1.24 – 1.37]). Also, the study found that profiles that were reconciled were less likely to have medication errors compared to profiles that were not reconciled (adjusted OR=0.18 [95%CI: 0.13 – 0.26]).

			Discussion 

			This study evaluated the prevalence of medication errors in a large outpatient care setting in an urban teaching hospital. Nearly 1 in 3 patients included in the study was associated with at least one medication error. Other outpatient settings in the EMR proliferation era have estimated medication error rates from 7.6%- 39.6% 4,5 Since estimate comparison is unsuitable because varying definitions of medication errors, differences in safety culture and variations in patient population served,6 direct comparison with literature estimates will not be done. Instead, this discussion will focus on the potential for harm reduction that these estimates point to. 

			According to NCCMERP, there is no ideal medication error estimate and all efforts should be focused on reducing whatever estimates are obtained to improve patient outcomes.6 In conducting this study, the investigators chose not to distinguish between errors that reached the patient or those that did not reach the patient in order to get a more comprehensive perspective on the prevalence of medication errors. This study findings point to a need to further reduce medication errors in this care setting. Based upon these findings our study shows a significant potential to reduce the occurrence of medication errors in similar urban outpatient care settings and a need to seek dedicated involvement of a pharmacists to facilitate this process.

			Of the types of medication errors reported, potential drug-drug interactions, errors of omission, and duplication of therapy were the most common. Other studies in the outpatient setting have noted slightly different findings. A study in an outpatient academic family medicine clinic in Oklahoma identified common prescribing errors as incomplete/inadequate prescription, dosing outside recommended guideline, and drug selection errors in an outpatient academic family medicine clinic in Oklahoma [4]. 

			Explanations for our findings on the high prevalence of potential drug-drug interactions, and duplication of therapy could be attributed to the lack of consistent medication reconciliation conducted at patient visits. In this scenario updating of current medication lists may have led to capturing of artefactual versus actual drug-drug interactions, and duplication of therapy errors. These findings again point to the need to have a dedicated pharmacist with the time and expertise to ensure that the medication lists are appropriately updated. Findings related to less than optimal medication reconciliation also potentially point out to a lack of training on how to execute these functions in the EMR. Literature evidence points to a resistance and lag to fully use EMR among providers.3 Based upon these findings future solutions could include additional efforts in the EMR training for incoming residents, attending physicians and the rest of the health care team. Such training could include efficient updating of medication lists, use of the drug-drug interaction clinical decision support tools to identify potential drug-drug interactions at the time a new prescription is being added to the list. 

			Limitations

			There were several limitations that should be pointed out in this study. First the reliance on the chart notes documented within the EMR was retrospective. As such some medication errors may have been corrected but not documented in the EMR. Similarly, labs that were out of date may not have reflected the true renal or hepatic function for a patient when it came to classify renal dosing errors. Secondly as an outpatient clinic in a teaching hospital, there could have been possible inconsistencies in documentation and medication reconciliation efforts between different providers. Further explained differences in medication reconciliation efforts between multiple residents (years of practice) as well as attending physicians could have occurred. Thirdly, this study did not interview patients or the pharmacy to determine the most current and accurate list of medications taken. As such there could be the possibility of over-estimation on the number of medications per patient profile and drug-drug interactions. Fourthly this study only examined first patient visit of the year and so our estimates should be examined in this context. 

			Conclusion

			Through this analysis, there appears to be a need for a multi-pronged approach to reduction of medication errors in outpatient care settings. First the addition of a dedicated pharmacist or other health care provider on-site to provide medication reconciliation and interventions during clinic visits would aid in the reduction of the medication errors reported. Secondly this evaluation points to persisting gaps in the use of EMR for clinical decision support and use of medication reconciliation functionalities in the post EMR proliferation era. Future studies could continue to explore whether full use of these functionalities can aid reduce the gap in medication errors.
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