


Risk factors for medication errors at admission in preoperatively screened patients 

Abstract
Background: Preoperative screening (POS) may help to reduce medication errors at admission (MEA). However, due to the time window between POS and hospital admission unintentional medication discrepancies may still occur and thus a second medication reconciliation at hospital admission can be necessary. Insight into potential risk factors associated with these discrepancies, would be helpful to focus the second medication reconciliation on high risk patients. 

Objective: To determine the proportion of POS patients with MEA and to identify risk factors for MEA. 

Methods: This single-center observational cross-sectional study included elective surgical patients between October 26th and December 18th 2015. Main exclusion criteria were age younger than 18 years and daycare admissions. Medication reconciliation took place at the POS and was repeated within 30 hours of admission. Unintended discrepancies between the first and second medication reconciliation were defined as MEA. The primary outcome was the proportion of patients with one or more MEA. The association of this outcome with potential risk factors was analyzed using multivariate logistic regression analysis. 

Results: Of the 183 included patients 60 (32.8%) patients had at least one MEA. In a multivariate model number of medications at POS [adjusted odds ratio 1.16 (95%-confidence interval 1.04-1.30)], and respiratory disease [4.25 (1.52-11.83)] were significantly associated with MEA. 

Conclusion: In one third of preoperatively screened patients a MEA was found. The number of medications and respiratory comorbidities are risk factors for MEA in preoperatively screened patients. 


Introduction

Medication errors during hospital admission are common and potentially clinically relevant. Up to 67% of patients have at least one medication history error at admission.1 To reduce medication errors it is essential to perform medication reconciliation at hospital admission. Medication reconciliation has been shown to reduce unintentional medication discrepancies with 66%.2 At the day of admission for elective surgery, it is impracticable to reconcile medication before surgery because of the limited time between admission and surgery. To overcome this problem, the majority of medication reconciliation in elective patients in Dutch hospitals is performed at the ambulatory preoperative screening (POS) clinic. At the POS the anaesthesiologists screen a patient’s medical condition and history to determine which kind of anaesthesia will be used and whether the surgery can be performed safely. A disadvantage of medication verification at the time of preoperative screening is the time between medication reconciliation and admission. This time may vary from one day to three months. Changes in medication in this period will lead to unintentional medication discrepancies at admission.3 So far, there are no studies on the number of unintentional medication discrepancies that may occur at the time of hospital admission after previous preoperative medication reconciliation. 
In addition, the risk factors that are associated with these discrepancies are unknown. In general, polypharmacy and age are well known risk factors associated with unintentional medication discrepancies.4-9 Multiple comorbidities have also been shown to increase the risk of medication discrepancies.4, 8 However, it is unknown whether these risk factors for medication discrepancies also apply to medication discrepancies occurring at hospital admission after previous medication reconciliation at the POS. Yet, knowledge of these risk factors could enable selection of patients who would not need a second medication reconciliation at hospital admission. This would increase the efficiency of the medication reconciliation process and reduce work load and costs. On the other hand, patients at high risk will receive better care if we are able to select these patients. 
Therefore, the objective of this study is to determine the proportion of preoperatively screened patients in which medication errors at admission were found, and to identify risk factors leading to these errors. 



Methods
Design 
A prospective observational cross-sectional study was carried out in the Zaans Medical Centre, Zaandam, The Netherlands. The study was approved by the Medical Ethics Committee of the Leiden University Medical Center in Leiden and by the board of directors of the Zaans Medical Centre. Patients were included when written informed consent was given. At the POS patients are screened by anesthesiologists in order to assess whether the patient is suitable to receive anesthesia. Medication reconciliation was performed by the pharmacy technician according to usual care. The goal of the medication reconciliation was to acquire the best home medication use. Medication reconciliation consisted of a standardized medication interview with the patient performed by the pharmacy technician. In this medication interview the medication record of the community pharmacy was used to verify actual medication use with the patient. In case the patient could not answer these questions completely, the accompanying caregiver was interviewed as well. In case the patient could not answer the questions and did not have an accompanying caregiver who could, the patient was not included in the study. Furthermore, patients are routinely asked to report any change in medication if this occurred in the period between the POS and admission. When reported, the pharmacy technician processes this in the patient record. Within 30 hours of hospital admission the medication reconciliation was repeated by a pharmacy technician using the same procedure as used for medication reconciliation at the POS. The medication reconciliation took place either pre- or post-operative. The peri-operative medication use was outside the scope of this study. 

Study population
All patients who attended the POS between October 26th and December 18th 2015 were approached to participate in the study. Exclusion criteria were: age younger than 18 years, hospital admission of less than 24 hours, no medication reconciliation within 30 hours of admission or physical/mental inability to give informed consent.

Data collection
General patient and medical data were collected from the electronic patient record: age, sex, number of medications, comorbidities (hypertension, cardiovascular disease, respiratory disease, diabetes mellitus, thyroid disease, cerebral vascular accident, kidney disease, epilepsy, thrombosis/embolism), quality score of the medication reconciliation interview (good, sufficient or insufficient), medical specialty and ASA score. The ASA score stands for American Society of Anesthesiologists physical status classification and is used to identify the physical status before surgery.10 The included comorbidities are routinely obtained from a patient questionnaire at the POS.  
The score of the medication reconciliation interview was given by the pharmacy technician as an indicator for the quality of the interview. There are three options for the pharmacy technician to score the quality of the interview: good, sufficient, or insufficient. The pharmacy technician scored good if the medication reconciliation gives an accurate complete overview of the medication, sufficient when the medication reconciliation produced the most important medication but some questions remained open, and insufficient when the medication reconciliation did not result in a complete overview of the medication. The patient was asked about his living situation, educational level and to perform the Short Assessment of Health Literacy – Dutch (SAHL-D)11 at the moment of inclusion at the POS. The SAHL-D is a screening tool consisting of 33 health related terms to predict the health literacy of a patient. The result of the SAHL-D is a score between 0 and 66, with the highest score standing for very adequate health literacy and the lowest score for inadequate health literacy. There was no cut-off point chosen for adequate versus inadequate health literacy: the score was included as a continuous variable.
The person with whom the medication reconciliation at the POS was performed (patient or accompanying caregiver), was also registered. A second medication reconciliation was performed within 30 hours of admission. After this second medication reconciliation the time between POS and admission was registered and the discrepancies between the first and second medication reconciliation were noted, and if necessary discussed with the attending physician. Furthermore the type of medication involved in the discrepancy using the Anatomic Therapeutic Chemical (ATC) code12 was noted. Using the ATC classification enables the grouping of similar medication, making it possible to identify such a group as a potential risk factor. 

Classification of medication errors
A medication error at admission (MEA) was defined as an unintended discrepancy between medication at the POS and admission. Whether the discrepancy was unintended was assessed by an expert team composed of an internist acute medicine (MAD), a hospital pharmacist (EW) and a hospital pharmacist trainee (ME). To determine if a discrepancy was unintended the information from both medication reconciliation interviews and the electronic patient record was used. The screening was performed independently from each other. When disagreement existed after the first screening, consensus was reached. Three types of medication errors were defined: omission of a pre-admission prescription medication, wrongful start of medication (commission), and unintended change in dose or frequency. If a discrepancy was assessed as a medication error at admission the potential harm of the error was determined by the expert team using the method described by Gleason6. Gleason et al describe three categories of potential harm: No potential harm, potential for increased monitoring or intervention to preclude harm, and potential harm.  

Outcome
The primary outcome was the proportion of patients with one or more medication errors at hospital admission. The association of this outcome with potential risk factors (age, sex, number of medications, ASA score or nine comorbidities, time between POS and admission, health literacy or educational level, and living situation)4-9 was analyzed as a secondary outcome. 
Other secondary outcomes were the type and clinical relevance of the MEA, and the type of medication involved in MEA’s. 

Data monitoring
Data monitoring was performed by verifying data, imported into the database, by a second person. Furthermore, in the data analysis, data were checked for missing and non-existing values.  

Data analysis
All data were collected in Excel 2010 (Microsoft Corporation, Redmond, WA). Data analysis was carried out using IBM SPSS Statistics version 23 (IBM Corp, Armonk, NY). The sample size calculation was based on the incidence from a pilot study of 50% unintentional medication discrepancies, alpha of 0.05 and the assumption that in the final multivariate logistic regression model not more than ten independent variables would be included13. Given these assumptions a sample size of 200 patients was calculated. 
First, the prevalence was calculated by dividing the number of patients with one or more MEA’s by the total number of patients. Second, the association of all potential risk factors with the primary outcome was analyzed using univariate logistic regression. If the p-value was ≤ 0.20, the parameter was included in the multivariate logistic regression model. Parameters that were correlated (Pearson correlation > 0.5) were not included in the same model. A stepwise backwards approach was used for the multivariate model. Variables were included in the multivariate model if they contributed significantly to the model. (Adjusted) odds ratio’s (OR) and 95% confidence intervals (95% CI) were reported.

Results
In a period of 6 weeks 1208 patients were screened for eligibility at the preoperative screening, of which 213 patients were initially included. In 30 of these 213 patients no medication reconciliation interview was performed at admission, so the final study population comprised 183 patients (Figure 1). Table 1 shows the baseline characteristics of these patients. 

Of the 183 included patients 60 (32.8%) had at least one MEA. These MEA’s were classified by the expert team. In 10% of the discrepancies discussion was needed to reach consensus. Patient characteristics were included in a univariate logistic regression (Table 2). ASA score and comorbidities were correlated and therefore not included in the same multivariate model. The results of the multivariate logistic regression are presented in Table 3. The first model included ASA score as a summary of individual comorbidities. In this multivariate model only number of medications at the POS remained statistically significant (OR 1.24; 95% CI 1.12-1.37). A second multivariate model was computed where instead of the ASA score the individual comorbidities listed in Table 2, with a p-value below 0.20, were included. In this second multivariate analysis number of medications (OR 1.16; 95% CI 1.04-1.30) and respiratory comorbidities (OR 4.25 95% CI 1.52-11.83) were significantly contributing to the model, adjusted odds ratios are shown in Table 3. Although diabetes mellitus and cardiovascular comorbidity were significantly associated with MEA in the univariate model, they were not significant in the multivariate model. Cardiovascular comorbidity did influence the model significantly and therefore is included in the second multivariate model. 

A total of 89 MEA were identified in the 60 patients with one or more MEA. Of these MEA 67 (75.2%) were assessed by the expert panel as causing no potential harm, 21 (23.6%) as having potential for increased monitoring or intervention to preclude harm and 1 (1.1%) as having potential harm. In total 17 (9.3%) patients had at least one MEA with potentially harmful consequences. The type of error was an omission in 34 cases, a commission in 33 cases, and changes in frequency or dose in 22 cases. The medication classes most frequently involved in the MEA were alimentary tract and metabolism (19%), respiratory system (17%), dermatologic medication (11%), and nervous system (11%).

Discussion
The proportion of patients with MEA’s after being preoperatively screened was 33%. This percentage is relatively high compared to some studies2, 14, and is comparable to an earlier study in preoperative patients15. Number of medications, and respiratory comorbidities were associated with a higher risk of MEA’s. In 9.3% of patients the MEA had potentially harmful consequences. 

Consistent with the findings in this study number of medications is widely found as risk factor for medication errors in transitions of care4, 6, 8, 14, 16-19 Number of medications is a very obvious risk factor for medication errors, the more medication a patient uses, the higher the risk of errors.
Multiple comorbidities have been found as risk factor for medication errors consistent with the findings in our study4, 8, 17. A possible explanation for a comorbidity as an independent risk factor is that comorbidities provide varied pharmacotherapy which makes the medication more complex and more difficult to transfer in transitions of care. Earlier studies only examined multiple comorbidities as a risk factor, not the individual comorbidities4, 17. Respiratory comorbidity as a risk factor can be explained by the type of medication used for respiratory diseases: inhalation medication and their devices are easily transferred incompletely (for example, metered dose inhaler unintendedly switched to dry powder inhaler).

Age is also often found as a risk factor for medication errors. In our study it is not. This may be explained by the high correlation between age and number of medications where number of medications is already included in the model.20 Another explanation could be the relatively young population in this study compared to other studies.2 
Time between POS and admission is not significantly associated with MEA. This is not what we expected, because logically the more time between POS and admission, the higher the risk of changes in medication. This is the first study to evaluate time as a parameter, thus more research is necessary to confirm this finding. 
Educational level and health literacy did not significantly influence the risk of a MEA conflicting with earlier results of Osorio et al.21

In literature the type of MEA is most often omission.1, 14 The higher prevalence of commissions seen in this study can be explained by the fact that this study repeats medication reconciliation, therefore the home medication is known and changes in starting as well as stopping medication can occur. Therefore the prevalence of omission and commission are the same in this study. 

In this study we found most errors in the drug classes’ alimentary tract and metabolism; respiratory system; dermatologic medication and nervous system. Earlier studies also found sedatives and analgesics (nervous system medication) as most frequently involved drug class in medication history errors.1 The other drug classes are not associated with medication errors in earlier studies. 

Several limitations need to be discussed. First, this study is performed in only one medical centre in the Netherlands. To study whether these risk factors can be generalized to all the hospitals in the Netherlands the study should be repeated in another hospital preferably with a different patient population. Second, although we searched the literature for potential risk factors, it is possible that unknown risk factors are not included in this study. This is supported by the fit of the logistic regression model which can predict 74% of the outcomes correctly, 26% is still not explained by this model. Third, the study may be underpowered to detect whether some parameters were statistical significant. Furthermore the expert group that classified the medication errors did not include an anaesthesiologist or surgeon, however the patient record was available to verify the intention of medication changes.   

This is the first study that investigates the occurrence of medication errors at admission in preoperatively screened patients. A strength of this study is that patients from all specialties with an overnight admission for elective surgery were included and therefore the results apply to all elective surgical patients in the Zaans Medical Centre. Another strength is the fact that the data that are used are routinely collected in usual care, therefore high risk patients are easily identified for a follow-up intervention study. As the frequency of MEA is high even after preoperative screening, further research to establish what intervention is successful in reducing MEA’s is necessary.

In future research the risk factors, number of medications and respiratory comorbidity, found in this study can be used to perform medication reconciliation at admission in high risk patients. This can be useful if the capacity of the pharmacy technicians is not sufficient to perform medication reconciliation at admission in every patient. However future research is necessary to investigate if these risk factors also apply to other populations in different hospital settings. 

Conclusion
After preoperative screening, 33% of patients have one or more medication error at hospital admission. Number of medications and respiratory comorbidities are associated with a higher risk of MEA. Future research is necessary to investigate if the risk factors found in this single-center study also apply to other populations. 
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