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General Medication Error
Patel GP, Kane-Gill SL. Medication Error Analysis: A Systematic Approach. Curr Drug Saf. 2009 Oct 7.
Medication errors are a common unfortunate occurrence in hospitals. One population that is particularly vulnerable are patients admitted to the Intensive Care Unit (ICU). ICU patients have a combination of rapidly changing medical conditions, laboratory values, and medications, which present a particular challenge for clinicians in practice in every aspect of patient care. Medication errors can occur in different phases (prescribing, distribution, administration, and monitoring) of the medication process and have a significant impact on morbidity and mortality. Medication error analysis requires a structured approach including: detection, reporting, and analysis, in order to provide the most efficient and practical information to the ICU team. In addition, a particular focus is made on the implementation of medication error prevention strategies such as evidenced-based protocols, team education, and technology. In an effort to reduce medication error rates in the ICU requires a collaborative, multi-disciplinary approach in order to be effective and consistent through time. Further research efforts are currently taking place in this challenging aspect of patient care to further provide more strategies for medication error detection, analysis, and prevention.

Thibaut Caruba, Isabelle Colombet, Florence Gillaizeau, Vanida Bruni, Virginie Korb, Patrice Prognon, Dominique Begue, Pierre Durieux and Brigitte Sabatier. Chronology of prescribing error during the hospital stay and prediction of pharmacist's alerts overriding. BMC Health Services Research 2010, 10:13doi:10.1186/1472-6963-10-13
Drug prescribing errors are frequent in the hospital setting and pharmacists play an important role in detection of these errors. The objectives of this study are (1) to describe the drug prescribing errors rate during the patient's stay, (2) to find which characteristics for a prescribing error are the most predictive of their reproduction the next day despite pharmacist's alert (i.e. override the alert).

Conclusions: Since 51% of prescribing errors occurred on the first day of stay, pharmacist should concentrate his analysis of drug prescriptions on this day. The difference of overriding behavior between wards and according drug Anatomical Therapeutic Chemical class or type of error could also guide the validation tasks and programming of electronic alerts.

Biron AD, Lavoie-Tremblay M, Loiselle CG. Characteristics of work interruptions during medication administration. J Nurs Scholarsh. 2009;41(4):330-6.
OBJECTIVE: To document characteristics of nurses' work interruptions (WIs) during medication administration. 
DESIGN: A descriptive observational study design was used along with a sample of 102 medication administration rounds. Data were collected on a single medical unit using a unit dose distribution system during fall 2007. 
CONCLUSIONS: The process of medication administration is not protected against WIs, which poses significant risks. 
CLINICAL RELEVANCE: Interventions to reduce WIs during the medication administration process should target nurses and system failures to maximize medication administration safety.

UCSF Program Achieves 88% Reduction in Medication Administration Error. Business Wire, October 30, 2009
A 36-month demonstration program at the University of California San Francisco (UCSF) reported this week an 87.7% reduction in medication administration errors – increasing medication administration accuracy to 98% at six Bay Area hospitals. An expanded cohort of 54 units in 9 hospitals showed similar results over the course of 13 months, from September 2008 to October 2009.
According to the study, the increase in accuracy can be linked directly to better adherence to six “best practice” procedures for medication administration identified by CalNOC (the California Nursing Outcomes Coalition). Participating hospitals showed an 80.5% improvement in adherence to CALNOC best practices. Combined improvement – for administration accuracy and adherence to best practices – was 81.4% for the study group. These results confirm earlier results announced at the program’s 18-month halfway point in February 2008.


Marini SD, Hasman A. Impact of BCMA on medication errors and patient safety: a summary. Stud Health Technol Inform. 2009;146:439-44.
PURPOSE: To summarize key recommendations and supporting evidence from the most recent studies evaluating the impact of bar coded medication administration (BCMA) systems, and the complementary technologies: Computerized Physician Order Entry (CPOE) and automated dispensing carts (ADC) in preventing medication errors and enhancing patent safety. 
CONCLUSION: The significant drop in medication errors rate achieved with the use of BCMA in various facilities presents a blueprint for its positive impact on patient safety. The observation measure to evaluate BCMAs use showed an increased rate of error detection because of the system ability to capture and record intercepted administration errors. However various workarounds by BCMAs users were detected. These workarounds were created to compensate for the flaws and inconvenient aspects of the barcode technology.

Brady AM, Malone AM, Fleming S. A literature review of the individual and systems factors that contribute to medication errors in nursing practice. J Nurs Manag. 2009 Sep;17(6):679-97.
AIM: This paper reports a review of the empirical literature on factors that contribute to medication errors. 
BACKGROUND: Medication errors are a significant cause of morbidity and mortality in hospitalized patients. This creates an imperative to reduce medication errors to deliver safe and ethical care to patients. 
IMPLICATIONS FOR NURSING MANAGEMENT: It is imperative that managers implement strategies to reduce medication errors including the establishment of reporting mechanisms at international and national levels to include the evaluation and audit of practice at a local level. Systematic approaches to medication reconciliation can also reduce medication error significantly. Promoting consistency between health care professionals as to what constitutes medication error will contribute to increased accuracy and compliance in reporting of medication errors, thereby informing health care policies aimed at reducing the occurrence of medication errors. Acquisition and maintenance of mathematical competency for nurses in practice is an important issue in the prevention of medication error. The health care industry can benefit from learning from other high-risk industries such as aviation in the prevention and management of systems errors.
Kreimer, Susan. “Vigilance Needed to Prevent ADC Errors.” Pharmacy Practice News: Issue January 2007, Volume 34:01. <http://www.pharmacypracticenews.com/index.asp?section_id=52&show=dept&issue_id=227&article_id=6396>
Automated dispensing cabinets (ADC) were designed to make medication distribution more efficient and timely, but human error can undermine this technology. That point was underscored in September when three premature newborns died after receiving adult doses of heparin at Methodist Hospital in Indianapolis (Pharmacy Practice News, November 2006). A pharmacy technician stocked the adult dose in the ADC and nurses, accustomed to having only one dosage of heparin on the unit, administered the adult dose. The incident has understandably garnered a great deal of attention, and in November, the Institute for Safe Medication Practices (ISMP) held a teleconference on safety strategies for the use of ADCs.
Douglas, Elizabeth. “Operating Rooms Susceptible to Tech-Related Anesthesia Errors.” Pharmacy Practice News: Issue November 2006, Volume 33:11. <http://www.pharmacypracticenews.com/index.asp?section_id=52&show=dept&issue_id=189&article_id=6120>

Three errors that occurred while clinicians used the Pyxis Anesthesia System (Cardinal Health Inc., Dublin, Ohio), were reported at the 2006 annual meeting of the European Society of Anaesthesiology. The medication errors all involved look-alike drugs that were in the same Pyxis drawer as the intended medication.
Dibbi HM, Al-Abrashy HF, Hussain WA, Fatani MI, Karima TM. “Causes and outcome of medication errors in hospitalized patients.” Saudi Medical Journal. October 2006;27(10):1489-92.

The study showed that wrong strength was the most common medication error (ME) found and human factors were the most common cause contributing MEs. Therefore, focusing on these factors will definitely minimize MEs in hospitalized patients.

“Applying hierarchical task analysis to medication administration errors.” Applied Ergonomics. Volume 37, Issue 5. September 2006. 669-679.
This paper demonstrates how hierarchical task analysis can be used to model drug administration and then uses the systematic human error reduction and prediction approach to predict which errors are likely to occur.
Hodges, Noel C. “QA Practices for Bar Coded Unit Dose Packaging Operations.” Pharmacy Purchasing and Products: September 2006. 30-31.

<http://www.pppmag.com/documents/V3N6/QA_PackcagingPg30.pdf>

By investing in Bar Coding systems, hospitals are making strides to improve patient safety and reduce medication errors at the point of administration. However, without incorporating stringent quality assurance (QA) measures into your pharmacy’s unit dose packaging operations, you run the risk of shifting the potential for error from the point of administration to the pharmacy. After all, if your pharmacy is packaging large quantities of doses, getting the right pill into the right packaging — labeled with the right bar code — can mean the difference between hundreds of accurately administered doses and hundreds of medication errors. It is important to note that as nurses become more comfortable with a bedside scanning system, they naturally become more confident that — unless their computers tell them otherwise — they are scanning the right dose.


Poon, Eric G., Jennifer L. Cina, William Churchill, Nirali Patel, Erica Featherstone, Jeffrey M. Rothschild, Carol A. Keohane, Anthony D. Whittemore, David W. Bates, and Tejal K. Gandhi. “Medication Dispensing Errors and Potential Adverse Drug Events before and after Implementing Bar Code Technology in the Pharmacy.” Annals of Internal Medicine: Volume 145, Issue 6. September 19, 2006. 426-34.

Many dispensing errors made in hospital pharmacies can harm patients. Some hospitals are investing in bar code technology to reduce these errors, but data about its efficacy are limited. The objective of this study was to evaluate whether implementation of bar code technology reduced dispensing errors and potential adverse drug events (ADEs). The overall rates of dispensing errors and potential ADEs substantially decreased after implementing bar code technology. However, the technology should be configured to scan every dose during the dispensing process.

United Press International. “Drug Errors Pervasive -- study.” June 22, 2006. 

http://www.upi.com/HealthBusiness/view.php?StoryID=20060622-032232-5483r
A new study at Johns Hopkins Children's Center shows that errors occurred at all points in the medication process. But the authors added that careful monitoring could correct the problem. The study can be found in the June issue of Quality & Safety in Healthcare.

Cina J, Gandhi TK, Churchill W, Fanikos J, McCrea M, Mitton P, Rothschild JM, Featherstone E, Keohane C, Bates DW, Poon EG. TITLE Jt Comm J Qual Patient Saf. February 2006; 32(2):73-80.

Hospital pharmacies dispense large numbers of medication doses for hospitalized patients. A study was conducted at an academic tertiary care hospital to characterize the incidence and severity of medication dispensing errors in a hospital pharmacy.

Nicholson D. “Medication errors: not just a few `bad apples’.” J Clin Outcomes Manage. 2006 Feb;13(2):114-115.

http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=16862227

The purpose of this study is to describe the distribution of medication errors among physicians. Results: Twenty-two of the 24 physicians made at least one error. Although there was one outlier, the error rate among this cohort of physician was evenly distributed.

Deans, Cecil. “Medication errors and professional practice of registered nurses.” Collegian: January 2005; Volume 12, Issue 1. 29-33.

An Australian study identified and described the incidence of medication errors among registered nurses, the type and causes of these errors and the impact that administration of medications has on the professional practice of registered nurses.

Barker KN, Flynn EA, Pepper GA, Bates DW, Mikeal RL. Medication errors observed in 36 health care facilities. Arch Intern Med. 2003 Apr 28;163(8):982.

RESULTS: In the 36 institutions, 19% of the doses (605/3216) were in error. The most frequent errors by category were wrong time (43%), omission (30%), wrong dose (17%), and unauthorized drug (4%). Seven percent of the errors were judged potential adverse drug events. There was no significant difference between error rates in the 3 settings (P =.82) or by size (P =.39). Error rates were higher in Colorado than in Georgia (P =.04) 

CONCLUSIONS: Medication errors were common (nearly 1 of every 5 doses in the typical hospital and skilled nursing facility). The percentage of errors rated potentially harmful was 7%, or more than 40 per day in a typical 300-patient facility. The problem of defective medication administration systems, although varied, is widespread.

Bates DW.  Using information technology to reduce rates of medication errors in hospitals.  BMJ.  2000; 320:788-791.

Free full text article:

http://www.ncbi.nlm.nih.gov/entrez/utils/lofref.fcgi?PrId=3051&uid=10720369&db=pubmed&url=http://bmj.com/cgi/pmidlookup?view=long&pmid=10720369
Bates DW, Boyle DL, Vander Vliet MB, Schneider J, Leape L., Relationship between medication errors and adverse drug events. J Gen Intern Med. 1995 Apr;10(4):199-205. 

MEASUREMENTS AND MAIN RESULTS: Over the study period, 10,070 medication orders were written, and 530 medications errors were identified (5.3 errors/100 orders), for a mean of 0.3 medication errors per patient-day, or 1.4 per admission. Of the medication errors, 53% involved at least one missing dose of a medication; 15% involved other dose errors, 8% frequency errors, and 5% route errors. During the same period, 25 ADEs and 35 potential ADEs were found. Of the 25 ADEs, five (20%) were associated with medication errors; all were judged preventable. Thus, five of 530 medication errors (0.9%) resulted in ADEs. Physician computer order entry could have prevented 84% of non-missing dose medication errors, 86% of potential ADEs, and 60% of preventable ADEs. 

CONCLUSIONS: Medication errors are common, although relatively few result in ADEs. However, those that do are preventable, many through physician computer order entry.

Bates DW, Cohen M, Leape LL, Overhage JM, Shabot MM, Sheridan T. Reducing the frequency of errors in medicine using information technology.

J Am Med Inform Assoc. 2001 Jul-Aug;8(4):398-9.

RESULTS: General recommendations are to implement clinical decision support judiciously; to consider consequent actions when designing systems; to test existing systems to ensure they actually catch errors that injure patients; to promote adoption of standards for data and systems; to develop systems that communicate with each other; to use systems in new ways; to measure and prevent adverse consequences; to make existing quality structures meaningful; and to improve regulation and remove disincentives for vendors to provide clinical decision support. Specific recommendations are to implement provider order entry systems, especially computerized prescribing; to implement bar-coding for medications, blood, devices, and patients; and to utilize modern electronic systems to communicate key pieces of asynchronous data such as markedly abnormal laboratory values. 

CONCLUSIONS: Appropriate increases in the use of information technology in health care- especially the introduction of clinical decision support and better linkages in and among systems, resulting in process simplification-could result in substantial improvement in patient safety.

Bates, DW.  Cousins D., ed.  Preventing medication errors. Medication use:  a systems approach to reducing errors. Joint Commission for the Accreditation of Healthcare Organizations.  Oakbrook Terrace, IL, 1998

Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi D, Laffel G, Sweitzer BJ, Shea BF, Hallisey R, et al. Incidence of adverse drug events and potential adverse drug events. Implications for prevention. ADE Prevention Study Group. JAMA. 1995 Jul 5;274(1):29-34. 

RESULTS--Over 6 months, 247 ADEs and 194 potential ADEs were identified. Extrapolated event rates were 6.5 ADEs and 5.5 potential ADEs per 100 nonobstetrical admissions, for mean numbers per hospital per year of approximately 1900 ADEs and 1600 potential ADEs. Of all ADEs, 1% were fatal (none preventable), 12% life-threatening, 30% serious, and 57% significant. Twenty-eight percent were judged preventable. Of the life-threatening and serious ADEs, 42% were preventable, compared with 18% of significant ADEs. Errors resulting in preventable ADEs occurred most often at the stages of ordering (56%) and administration (34%); transcription (6%) and dispensing errors (4%) were less common. Errors were much more likely to be intercepted if the error occurred earlier in the process: 48% at the ordering stage vs 0% at the administration stage. 

CONCLUSION--Adverse drug events were common and often preventable; serious ADEs were more likely to be preventable. Most resulted from errors at the ordering stage, but many also occurred at the administration stage. Prevention strategies should target both stages of the drug delivery process.

Bates DW, Evans RS, Murff H, Stetson PD, Pizziferri L, Hripcsak G. Detecting adverse events using information technology. Journal of the American Medical Informatics Association. 2003 Mar-Apr;10(2):115-128. 

Although patient safety is a major problem, most health care organizations rely on spontaneous reporting, which detects only a small minority of adverse events. As a result, problems with safety have remained hidden. Chart review can detect adverse events in research settings, but it is too expensive for routine use. Information technology techniques can detect some adverse events in a timely and cost-effective way, in some cases early enough to prevent patient harm.

Bates DW, Leape LL, Petrycki S. Incidence and preventability of adverse drug events in hospitalized adults. J Gen Intern Med. 1993 Jun;8(6):342-3.

RESULTS: The rate of drug-related incidents was 73 in 2,967 patient-days; 27 incidents were judged ADEs, 34 potential ADEs, and 12 problem orders. Fifty different drugs were involved. Physicians were primarily responsible for 72% of the incidents, with the remainder divided evenly between nursing, pharmacy, and clerical personnel. Of the 27 ADEs, five were life-threatening, nine were serious, and 13 were significant. Fifteen (56%) of the 27 were judged definitely or probably preventable. Incidents were discovered about equally often from the logs and by chart review. However, when the incidents in which an ADE was present were compared with the remainder of incidents, the authors found that 67% (18 of 27) of the ADEs were identified only by chart review (p < 0.001), and physicians were more often judged responsible than other personnel (p < 0.001). 

CONCLUSIONS: The authors conclude that ADEs are not infrequent, often preventable, and usually caused by physician decisions. In this study, solicited reporting by nurses and pharmacists was inferior to chart review for identifying ADEs, but was effective for identifying potential ADEs. Optimal prevention strategies should cover many types of drugs and target physicians' ordering practices.

Blendon R, Schoen C, DesRoches C, Osborn R, Zapert K. Common concerns amid diverse systems: Health care experiences in five countries. Health Affairs. 2003;22(3):106-121. 

The article discusses findings from a survey of the health care experiences of adults age 18 or older who reported fair or poor health, a serious illness, injury, or disability, or major surgery or hospitalization for something other than a normal delivery in the past two years.

Bond CA, Raehl CL, Franke T. Clinical Pharmacy Services, Hospital Pharmacy Staffing and Medication Errors in the United States Hosptials. Pharmacotherapy 2002; 22(2): 134-147.

Bond CA, Raehl CL, Franke T. Medication Errors in United States Hospitals. Pharmacotherapy 2001; 21(9): 1023-1036

Brennan TA, et al. Incidence of adverse events and negligence in hospitalized patients: Results of the Harvard Medical Practice Study I. New England Journal of Medicine. 1991;324(6):370-376. 

Description of findings that nearly 4% of patients hospitalized in acute care hospitals suffer an injury caused by treatment.

Brennan TA, Leape LL, Laird NM, et al. The nature of adverse events in hospitalized patients: Results of the Harvard Medical Practice Study II. New England Journal of Medicine. 1991;324(6):377-384.

Analysis of the types of injuries reported in the medical practice study together with analysis of causative errors.

Cullen DJ, Sweitzer BJ, Bates DW, Burdick E, Edmondson A, Leape LL. Preventable adverse drug events in hospitalized patients: a comparative study of intensive care and general care units. Crit Care Med. 1997 Aug;25(8):1289-97. 

MEASUREMENTS AND MAIN RESULTS: Rate of preventable adverse drug events and potential adverse drug events, length of stay, charges, costs, and measures of the unit's environment. Incidents were detected by stimulated self-report by nurses and pharmacists and by daily review of all charts by nurse investigators. Incidents were subsequently classified by two independent reviewers as to whether they represented adverse drug events or potential adverse drug events and as to severity and preventability. Those individuals involved in the preventable adverse drug event and potential adverse drug event underwent detailed interviews by peer case-investigators. The rate of preventable adverse drug events and potential adverse drug events in ICUs was 19 events per 1000 patient days, nearly twice that rate of non-ICUs (p <.01). The medical ICU rate (25 events per 1000 patient days) was significantly (p <.05) higher than the surgical ICU rate (14 events per 1000 patient days). When adjusted for the number of drugs used in the previous 24 hrs or ordered since admission, there were no differences in rates between ICUs and non-ICUs. ICU acuity, length of stay, and severity of the adverse drug event were greater in ICUs than non-ICUs, but there were no differences between medical ICU and surgical ICU patients. Structured interviews indicated almost no differences between ICUs and non-ICUs for many characteristics of the patient, patient care team, systems, and individual caregivers. 

CONCLUSIONS: The rate of preventable and potential adverse drug events was twice as high in ICUs compared with non-ICUs. However, when adjusted for the number of drugs ordered, there was no greater likelihood for preventable adverse drug events and potential adverse drug events to occur in ICUs than in non-ICUs. Preventable adverse drug events and potential adverse drug events occurred in units that functioned normally and involved caregivers who were working under reasonably normal circumstances, not at the extremes of workload, stress, or a difficult environment.

Evans RS, Classen DC, Stevens LE, Pestotnik SL, Gardner RM, Lloyd JF, Burke JP. Using a hospital information system to assess the effects of adverse drug events. Proc Annu Symp Comput Appl Med Care. 1993;:161-5. 

The most common adverse events experienced by hospitalized patients are drug related. While numerous studies have described the incidence and types of adverse drug events (ADEs), the actual effect of these events on patient outcomes have only been estimated. The studies that have described the effects of ADEs on patient outcomes have not stratified patients by severity of illness and hospital costs were estimated based on a percent of hospital charges. We designed a study to utilize the resources of our hospital information system to assess the attributable effects of ADEs on hospital length of stay and cost of hospitalization. This approach emphasized the difference between study patients and their matched control patients rather than overall differences between patients with and without ADEs. In addition, we used nursing acuity data to help adjust severity of illness within DRG groups and actual hospital costs were used instead of estimated costs. This study found that while the average length of stay for patients with ADEs was 8.19 days compared to 4.36 days for matched control patients, the attributable difference due to the ADEs was 1.94 days. Similar methods found that patients with ADEs had an average cost of hospitalization of $10,584 compared to $5,350 for those without and the attributable difference due to ADEs was $1,939. This indicates that the 569 ADEs at our hospital during 1992 resulted in an additional 1,104 extra patient days at a cost of $1,103,291.

Jha AK, Kuperman GJ, Teich JM, Leape L, Shea B, Rittenberg E, Burdick E, Seger DL, Vander Vliet M, Bates DW. Identifying adverse drug events: development of a computer-based monitor and comparison with chart review and stimulated voluntary report. J Am Med Inform Assoc. 1998 May-Jun;5(3):305-14. 

RESULTS: The computer monitoring strategy identified 2,620 alerts, of which 275 were determined to be ADEs. The chart review found 398 ADEs, whereas voluntary report detected 23. Of the 617 ADEs detected by at least one method, 76 ADEs were detected by both computer monitor and chart review. The computer monitor identified 45 percent; chart review, 65 percent; and voluntary report, 4 percent. The ADEs identified by computer monitor were more likely to be classified as "severe" than were those identified by chart review (51 versus 42 percent, p = .04). The positive predictive value of computer-generated alerts was 16 percent during the first eight weeks of the study; rule modifications increased this to 23 percent in the final eight weeks. The computer strategy required 11 person-hours per week to execute, whereas chart review required 55 person-hours per week and voluntary report strategy required 5. 

CONCLUSIONS: The computer-based monitor identified fewer ADEs than did chart review but many more ADEs than did stimulated voluntary report. The overlap among the ADEs identified using different methods was small, suggesting that the incidence of ADEs may be higher than previously reported and that different detection methods capture different events. The computer-based monitoring system represents an efficient approach for measuring ADE frequency and gauging the effectiveness of ADE prevention programs.

Kanjanarat P, Winterstein AG, Johns TE, Hatton RC, Gonzalez-Rothi R, Segal R. Nature of preventable adverse drug events in hospitals: A literature review American Journal of Health-System Pharmacy. 2003;(60)17:1750-1759. 

A peer reviewed literature search was conducted by the Department of Pharmacy Health Care Administration to find those articles which identified drug classes, types of errors, types of adverse outcomes, and any others which are related to preventable adverse drug events (PADEs). After significant findings on topics such as renal, hepatic, allergic reactions and cardio problems, it was concluded that the majority of reported PADEs are from a small portion of types of drugs, errors, and adverse outcomes. More focus on these areas could greatly reduce the number of PADEs in these areas.

Kaushal R, Bates DW, Landrigan C, McKenna KJ, Clapp MD, Federico F, Goldmann DA. Medication errors and adverse drug events in pediatric inpatients. JAMA. 2001 Apr 25;285(16):2114-20. 

RESULTS: We reviewed 10 778 medication orders and found 616 medication errors (5.7%), 115 potential ADEs (1.1%), and 26 ADEs (0.24%). Of the 26 ADEs, 5 (19%) were preventable. While the preventable ADE rate was similar to that of a previous adult hospital study, the potential ADE rate was 3 times higher. The rate of potential ADEs was significantly higher in neonates in the neonatal intensive care unit. Most potential ADEs occurred at the stage of drug ordering (79%) and involved incorrect dosing (34%), anti-infective drugs (28%), and intravenous medications (54%). Physician reviewers judged that computerized physician order entry could potentially have prevented 93% and ward-based clinical pharmacists 94% of potential ADEs. 

CONCLUSIONS: Medication errors are common in pediatric inpatient settings, and further efforts are needed to reduce them.

Kohn LT, Corrigan JM, Donaldson MS, eds. To Err Is Human: Building a Safer Health System. (Committee on Quality of Health Care in America, Institute of Medicine) Washington, DC, USA: National Academies Press; 1999 

This report lays out a comprehensive strategy to reduce medical errors for government, industry, consumers, and health care providers, and it calls on the United States Congress to create a national patient safety center to develop the new tools and systems needed to address persistent problems. Each chapter of the report contains a reference list, allowing the reader to select additional material in specific areas of interest.

Summary of the information submitted to MedMARx in the year 2003.

United States Pharmacopeia.  2002.  Rockville, MD.

Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients: a meta-analysis of prospective studies. JAMA. 1998 Apr 15;279(15):1200-5. 

DATA SYNTHESIS: The overall incidence of serious ADRs was 6.7% (95% confidence interval [CI], 5.2%-8.2%) and of fatal ADRs was 0.32% (95% CI, 0.23%-0.41%) of hospitalized patients. We estimated that in 1994 overall 2216000 (1721000-2711000) hospitalized patients had serious ADRs and 106000 (76000-137000) had fatal ADRs, making these reactions between the fourth and sixth leading cause of death. 

CONCLUSIONS: The incidence of serious and fatal ADRs in US hospitals was found to be extremely high. While our results must be viewed with circumspection because of heterogeneity among studies and small biases in the samples, these data nevertheless suggest that ADRs represent an important clinical issue.

Leape LL, Bates DW, Cullen DJ, Cooper J, Demonaco HJ, Gallivan T, Hallisey R, Ives J, Laird N, Laffel G, et al. Systems analysis of adverse drug events. ADE Prevention Study Group. JAMA. 1995 Jul 5;274(1):35-43. 

RESULTS--During this period, 334 errors were detected as the causes of 264 preventable ADEs and potential ADEs. Sixteen major systems failures were identified as the underlying causes of the errors. The most common systems failure was in the dissemination of drug knowledge, particularly to physicians, accounting for 29% of the 334 errors. Inadequate availability of patient information, such as the results of laboratory tests, was associated with 18% of errors. Seven systems failures accounted for 78% of the errors; all could be improved by better information systems. 

CONCLUSIONS--Hospital personnel willingly participated in the detection and investigation of drug use errors and were able to identify underlying systems failures. The most common defects were in systems to disseminate knowledge about drugs and to make drug and patient information readily accessible at the time it is needed. Systems changes to improve dissemination and display of drug and patient data should make errors in the use of drugs less likely.

Leape LL, Troyen AB, Laird N, et al.  The Nature of Adverse Events in Hospitalized Patients; Results of the Harvard Medical Practice Study II. N Engl J Med; 324:377-384

Lewis GP, Jick H, Slone D, Shapiro S. Incidence of adverse drug events and potential adverse drug events. Implications for prevention. ADE Prevention Study Group. Journal of the American Medical Association. 1995 Jul 5;274(1):29-34. 

To assess incidence and preventability of adverse drug events (ADEs) and potential ADEs.

Pedersen CA, Schneider PJ, Scheckelhoff DJ. ASHP national survey of pharmacy practice in hospital settings: dispensing and administration--2002. Am J Health Syst Pharm. 2003 Jan 1;60(1):52-68. 

Results of the 2002 ASHP national survey of pharmacy practice in hospital settings that pertain to dispensing and administration are presented. A stratified random sample of pharmacy directors at 1101 general and children's medical-surgical hospitals in the United States were surveyed by mail. SMG Marketing Group, Inc., supplied data on hospital characteristics; the survey sample was drawn from SMG's hospital database. The response rate was 46.7%. During 2002, both inpatient and outpatient hours of service increased compared with 2001. Paradoxically, there was an 8.5% decrease in pharmacy staffing and a 7% vacancy rate, suggesting that pharmacists are busier. Most hospitals (80%) had a centralized inpatient dispensing system, but 44% were planning to become more decentralized. Automated dispensing cabinets were used by 58% of hospitals with decentralized drug distribution systems. Most hospitals (81.4%) dispensed more than three quarters of oral doses as unit doses and 63.3% of injectable doses to non-critical care patients, increases from 1999. A large percentage of hospitals (89%) repackaged both oral and injectable medications. More hospitals were repackaging medications than three years ago, primarily because of lack of commercial availability. Approximately 20% of pharmacies either partially or completely outsourced drug preparation activities. Nurses administered medications in virtually all hospitals (99.7%). Despite widespread recommendations to use bar-code technology to check and document doses administered, only 1.5% of hospitals used this technology, an increase from 1.1% in 1999. Nearly two thirds of hospitals used computer-generated medication administration records. While pharmaceutical services are expanding, workforce issues continue to challenge pharmacists trying to maintain and enhance safe medication systems. Safe systems continue to be in place in most hospitals, but the adoption of new technology to improve safety is slow.

Pedersen CA, Schneider PJ, and Scheckelhoff DJ. ASHP national survey of pharmacy practice in hospital settings: Dispensing and administration—2005. Am. J. Health Syst. Pharm., Feb 2006; 63: 327 - 345. 

Phillips J, Beam S, Brinker A, Holquist C, Honig P, Lee LY, Pamer C. Retrospective analysis of mortalities associated with medication errors. Am J Health Syst Pharm. 2001 Oct 1;58(19):1835-41.

The types, causes, contributing factors, and patient demographics of fatal medication errors were reviewed. Case reports of medication errors from hospitals, ambulatory care settings, and patients' homes that were entered in FDA's Adverse Event Reporting System during 1993-98 were the source of information on fatal medication errors. Each report was classified using predefined criteria and a taxonomy developed by the National Coordinating Council for Medication Error Reporting and Prevention. The types, causes, contributing factors, and patient demographics were identified, and the causality of each case was assessed to prevent future fatalities. The data indicated 5,366 medication error reports. Fifty-nine reports were excluded and classified as duplicate reports or intentional overdoses. Of the remaining medication error reports, 68.2% resulted in serious patient outcomes and 9.8% were fatal. Of the 469 fatal medication error reports, 48.6% occurred in patients over 60 years. The most common types of errors resulting in patient death involved administering an improper dose (40.9%), administering the wrong drug (16%), and using the wrong route of administration (9.5%). The most common causes of errors were performance and knowledge deficits (44%) and communication errors (15.8%). Fatal medication errors accounted for approximately 10% of medication errors reported to FDA and were most frequently the result of improper dosing of the intended drug and administration of an incorrect drug. A review of case reports of medication errors from 1993 to 1998 yielded information on the most frequent causes of and contributing factors involved in fatal medication errors.

Phillips DP, Christenfeld N, Glynn LM. Increase in US medication-error deaths between 1983 and 1993. Lancet. 1998 Feb 28;351(9103):643-644. 

This article discusses the increase of deaths in the United States resulting from medication errors. 

Ringold DJ, Santell JP, and Schneider PJ. ASHP national survey of pharmacy practice in acute care settings: dispensing and administration—1999. Am. J. Health Syst. Pharm., Oct 2000; 57: 1759 - 1775. 

Pediatric Specific Research

Dougherty D, Nash A. Barcoding from breast to baby: a comprehensive breast milk management system for the NICU. Neonatal Netw. 2009 Sep-Oct;28(5):321-8.
Breast milk errors have received increasing attention in the literature in terms of the potential infectious risk posed to the recipient baby and also the stress that results for both the donor and recipient families. Beginning in the mid-1990s, one Level III NICU began making changes in how feedings were prepared and distributed in an attempt to reduce breast milk errors. Despite these changes, breast milk errors continued to occur, and, in 2005, this NICU introduced a bar coding system to further reduce the risk of administering breast milk to the wrong infant. Breast milk errors have subsequently been substantially reduced.

One in ten children given wrong drug doses. UK Guardian, January 19, 2010.

Hospital doctors make mistakes in more than one in 10 prescriptions they write for children, far more than was previously thought, according to an authoritative study published today.
Errors were made in 13.2% of prescriptions written for children, according to the study covering five London hospitals and carried out by the School of Pharmacy, University of London. Even more mistakes were made by nurses who had to administer drugs, a task often entailing mixing up a solution to be injected. The study found that almost one in five drugs (19.1%) were wrongly administered.
Most of the mistakes were picked up by pharmacists who cross-checked the prescriptions, and most of the errors that did get through led to no long-term harm, though some could have been lethal.

T A Stavroudis, A D Shore, L Morlock, R W Hicks, D Bundy and M R Miller. NICU medication errors: identifying a risk profile for medication errors in the neonatal intensive care unit. Journal of Perinatology advance online publication 31 December 2009; doi: 10.1038/jp.2009.186
Objective: To identify a risk profile for harmful medication errors in the neonatal intensive care unit (NICU).
Study Design: A retrospective cross-sectional study on NICU medication error reports submitted to MEDMARX between 1 January 1999, and 31 December 2005. The Rao–Scott modified χ2 test was used for analysis.
Result: 6749 NICU medication error 

reports were submitted by 163 health-care facilities. Administering errors accounted for approximately one half of errors, and human factors were the most frequently cited cause of error. Patient age was not associated with an increased likelihood of an error being harmful (P=0.11). Error reports involving Institute for Safe Medication Practices (ISMP) High-Alert Medications, occurring in the prescribing phase of medication processing, or involving equipment/delivery device failures were more likely to be harmful (Pless than or equal to0.05).
Conclusion: Risk factors for harmful medication error reports include use of ISMP High-Alert Medications, the prescribing phase of the medication use process, and failure of equipment/delivery devices.

Kilbridge PM, Noirot LA, Reichley RM, Berchelmann KM, Schneider C, Heard KM, Nelson M, Bailey TC. Computerized surveillance for adverse drug events in a pediatric hospital. J Am Med Inform Assoc. 2009 Sep-Oct;16(5):607-12. Epub 2009 Jun 30.
There are limited data on adverse drug event rates in pediatrics. The authors describe the implementation and evaluation of an automated surveillance system modified to detect adverse drug events (ADEs) in pediatric patients. The authors constructed an automated surveillance system to screen admissions to a large pediatric hospital. Potential ADEs identified by the system were reviewed by medication safety pharmacists and a physician and scored for causality and severity. Over the 6 month study period, 6,889 study children were admitted to the hospital for a total of 40,250 patient-days. The ADE surveillance system generated 1226 alerts, which yielded 160 true ADEs. This represents a rate of 2.3 ADEs per 100 admissions or 4 per 1,000 patient-days. Medications most frequently implicated were diuretics, antibiotics, immunosuppressants, narcotics, and anticonvulsants. The composite positive predictive value of the ADE surveillance system was 13%. Automated surveillance can be an effective method for detecting ADEs in hospitalized children.

Wrong Dose Of Heart Meds Too Frequent In Children. Johns Hopkins Children's Center, July 7, 2009
Infants and young children treated with heart drugs get the wrong dose or end up on the wrong end of medication errors more often than older children, according to research led by the Johns Hopkins Children’s Center published July 6 in Pediatrics. 
While the researchers found the highest number of errors among infants under the age of 1, they say children of all ages are vulnerable to such mistakes because health-care providers can manually miscalculate weight-sensitive doses and can misinterpret safe age ranges of adult drugs used off-label in children.
The researchers emphasize that the vast majority of errors analyzed in their study — 96 percent — were benign and caused no detectable harm to patients or never reached the patients, but in 4 percent (31) of the cases there was harm, although no deaths.
The report and the warnings were drawn from a study analyzing 821 medication errors submitted to a national voluntary error-reporting database.
Dillon, John. “In Heparin Deaths, Tech And Human Errors Cited.” Pharmacy Practice News: Issue November 2006, Volume 33:11. 

<http://www.pharmacypracticenews.com/index.asp?section_id=53&show=dept&issue_id=189&article_id=5765>

Clarian Health Partners’ response to three premature infant deaths due to medication errors.

Even the simplest type of bar-coding system could have nipped this mistake in the bud, according to Bonnie E. Kirschenbaum, MS, FASHP, a healthcare consultant in Colorado who has written about the issue. “All they needed was one [bar-code] scanner, and all they needed to do was put the scanner in the pharmacy,” she said. The technician could have “wanded each and every” prescription, and “the filling mistake would never have happened.”
Beyzarov, Elena. “High Rate of Drug Errors Seen In Pediatric Oncology.” Pharmacy Practice News: Issue October 2006, Volume 33: 10.

<http://www.pharmacypracticenews.com/index.asp?section_id=50&show=dept&issue_id=180&article_id=5455> 

In the study, which looked at prescribing, dispensing and parenteral administration of outpatient chemotherapeutic agents in children treated for acute lymphoblastic leukemia (ALL), Seattle researchers found that one or more errors occurred in nearly 10% of the 172 medications evaluated. Most of the errors were not serious, but some may have placed patients at risk for either relapse or overdose-related complications,the physician-pharmacist research team reported in the August 14 online edition of Cancer (10. 1002/cncr.22131), ahead of a September 15 print date.
Irwin D, Vaillancourt R, Dalgleish D, Thomas M, Grenier S, Wong E, Wright M, Sears M, Doherty D, Gaboury I. Standard concentrations of high-alert drug infusions across pediatric acute care. Pediatric Child Health. 2008 May;13(5):371-6.
BACKGROUND: To reduce the risk of medication errors in paediatric patients, the Canadian Council on Health Services Accreditation endorsed the standardization and limiting of drug concentrations available within an organization. 
METHODS: Standard concentrations (SCs) were implemented in the emergency department, operating room and paediatric intensive care unit at the Children's Hospital of Eastern Ontario in Ottawa, Ontario. The change in practice involved addressing concerns raised during stakeholder consultations, developing a computer program, and educating and testing staff in the new method. The software for SC selection and infusion rate calculation featured redundant inputs, a 'deviation' column comparing the prescribed and infused doses, and a printout of patient information that also facilitated dose verification back-calculation. 

INTERPRETATION: SCs were successfully instituted with computer support, in lieu of 'smart pumps,' across multiple critical care units in a paediatric institution. The initial program is being expanded to 40 continuous infusion drugs, plus paediatric advanced life support bolus medications. 
“Pediatric Corner: Are children at risk for weight-based drug errors?” ED Nursing. August 1, 2006.

Children are at high risk for medication dosage errors in the ED, partly because many medication doses are weight-based. In addition, frequent distractions, multiple caregivers, frequency of verbal orders, and overcrowding also put children at higher risk in the Emergency Department.
Hicks RW, Becker SC, Cousins DD. Harmful Medication Errors in Children: A 5-Year Analysis of Data from the USP's MEDMARX(R) Program. Journal of Pediatric Nursing: August 2006; 21(4):290-8.
Harmful pediatric medication errors are common in hospitals and health systems. Data used from a voluntary medication error reporting system (MEDMARX) identified 816 harmful outcomes involving 242 medications during a 5-year period.

Blum, Karen.  “Pharmacy Software Takes Bugs Out of Pediatric Infusions.” Pharmacy Practice News: Issue June 2006, Volume 33:06.

<http://www.pharmacypracticenews.com/index.asp?section_id=52&show=dept&issue_id=86&article_id=3764>

Baltimore—Computerized programs that help healthcare professionals calculate the correct doses for pediatric infusions can significantly reduce prescribing errors, according to studies by researchers at the Johns Hopkins Children's Center and the University of Maryland School of Medicine.
Morgan N, Luo X, Fortner C, Frush K. “Opportunities for performance improvement in relation to medication administration during pediatric stabilization.” Quality and Safety in Health Care: 2006 Jun;15(3):179-83. 
By observing the clinical performance of nurses in a simulated videotaped pediatric stabilization event, we have identified some important areas in need of improvement in each step of the medication administration process.

Shekelle PG, Morton SC, Keeler EB.” Costs and Benefits of Health Information Technology. Evidence Report/Technology Assessment No. 132.” AHRQ Publication No.  06-E006. Rockville, MD: Agency for Healthcare Research and Quality. April 2006.

Early evidence shows that stand-alone clinical decision-support systems (CDSS) (such as drug dosing calculators) can reduce medication dosing errors, and CPOE plus CDSS can reduce the incidence of harmful medication errors in the inpatient pediatric and neonatal intensive care settings. Other HIT systems, such as electronic medication administration records, pharmacy-based robots, smart infusion pumps/devices, and medication bar-coding, are predicted to reduce medication errors, but need further study.

Koren G.   Trends of medication errors in hospitalized children. J Clin Pharmacol. 2002 Jul;42(7):707-10.

Kaushal R, Bates DW, Landrigan C et al. Medication errors and adverse drug events in pediatric patients. JAMA. 2001;285;2114-2120.

Schneider MP, Cotting J, Pannatier A.   Evaluation of nurses' errors associated in the preparation and administration of medication in a pediatric intensive care unit. Pharm World Sci. 1998 Aug;20(4):178-82.

Koren G, Barzilay Z, Greenwald M. Tenfold errors in administration of drug doses: a neglected iatrogenic disease in pediatrics. Pediatrics. 1986;77:848849.

Buck, ML. Preventing Medication Errors in Children. Pediatric Pharmacotherapy 1999. 5(10). 

Drug administration Errors in Infants: Don’t blame individuals, Fix the System. Drug & Ther Perspect 2000. 15(9):11-13.

Cost of Medication Errors

Zhan, Chunliu, Bernard Friedman, Andrew Mosso and Peter Pronovost. “Medicare Payment for Selected Adverse Events: Building the Business Case for Investing in Patient Safety.” Health Affairs: September/October 2006. 1386-93.
Improving patient safety can have a direct effect on the bottom line, according to a new report from the Agency for Healthcare Research and Quality (AHRQ). The study found that Medicare paid an additional $300 million per year, or 0.3% of annual Medicare hospital spending, for five types of adverse events in hospitals in 2003. However, these extra payments covered less than one-third of the additional costs that hospitals incurred in treating these adverse events.
Institute of Medicine. “Preventing Medication Errors: Quality Chasm Series.” Report Brief: 20 July 2006.

These medication errors are undoubtedly costly—to patients, their families, their 

employers, and to hospitals, health-care providers, and insurance companies—but 

there are few reliable estimates of that cost. One study found that each preventable 

ADE that took place in a hospital added about $8,750 (in 2006 dollars) to the cost of 

the hospital stay. Assuming 400,000 of these events each year—a conservative esti

mate—the total annual cost would be $3.5 billion in this one group. Another study 

looked at preventable ADEs in Medicare enrollees aged 65 and older and found an 

annual cost of $887 million for treating medication errors in this group. Unfortunately, these studies cover only some of the medication errors that occur each year in this country, and they look at only some of their costs—they do not take into account lost earnings, for example, or any compensation for pain and suffering. 

Lauran Neergaard. “Report: Drug Errors Injure More Than 1.5M.” San Francisco Chronicle. July 20, 2006. <http://www.sfgate.com/cgi-bin/article.cgi?f=/n/a/2006/07/20/national/w142049D97.DTL&type=politics>

Medication mistakes injure well over 1.5 million Americans every year, a toll too often unrecognized and unfought, says a sobering call to action. At least a quarter of the errors are preventable, the Institute of Medicine said Thursday in urging major steps by the government, health providers and patients alike. Topping the list: All prescriptions should be written electronically by 2010, a move one specialist called as crucial to safe care as X-ray machines.

Pinilla J, Murillo C, Carrasco G, Humet C. “Case-control analysis of the financial cost of medication errors in hospitalized patients.” European Journal of Health Econ. 2006 Mar; 7(1):66-71.

A 2001 study concerning the financial costs of Medication Errors (MEs) indicated that the MEs analyzed caused an additional 303 days of hospital stay, with an overall annual cost of nearly 6,000 euros. The presence of MEs doubled the cost per patient.

Agency for Healthcare Research and Quality. Reducing and Preventing Adverse Drug Events to Decrease Hospital Costs.  Research in Action, Issue 1, 2001.  (http://www.ahrq.gov/aderia/aderia.htm)

According to the United States Agency for Healthcare Research and Quality, adverse drug events cause more than 770,000 injuries and deaths each year and may cost a hospital up to $5.6 million, excluding malpractice and litigation costs, or the costs of injuries to patients.

Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA, Small SD, Sweitzer BJ, Leape LL. The costs of adverse drug events in hospitalized patients. Adverse Drug Events Prevention Study Group. JAMA. 1997 Jan 22-29;277(4):307-11. 

RESULTS: During the study period, there were 247 ADEs among 207 admissions. After outliers and multiple episodes were excluded, there were 190 ADEs, of which 60 were preventable. In paired regression analyses adjusting for multiple factors, including severity, comorbidity, and case mix, the additional length of stay associated with an ADE was 2.2 days (P=.04), and the increase in cost associated with an ADE was $3244 (P=.04). For preventable ADEs, the increases were 4.6 days in length of stay (P=.03) and $5857 in total cost (P=.07). After adjusting for our sampling strategy, the estimated post event costs attributable to an ADE were $2595 for all ADEs and $4685 for preventable ADEs. Based on these costs and data about the incidence of ADEs, we estimate that the annual costs attributable to all ADEs and preventable ADEs for a 700-bed teaching hospital are $5.6 million and $2.8 million, respectively. 

CONCLUSIONS: The substantial costs of ADEs to hospitals justify investment in efforts to prevent these events. Moreover, these estimates are conservative because they do not include the costs of injuries to patients or malpractice costs.

Classen DC, Pestotnik SL, Evans RS, Lloyd JF, Burke JP. Adverse drug events in hospitalized patients. Excess length of stay, extra costs, and attributable mortality. JAMA. 1997 Jan 22-29;277(4):301-6.

RESULTS: ADEs complicated 2.43 per 100 admissions to the LDS Hospital during the study period. The crude mortality rates for the cases and matched controls were 3.5% and 1.05%, respectively (P<.001). The mean length of hospital stay significantly differed between the cases and matched controls (7.69 vs 4.46 days; P<.001) as did the mean cost of hospitalization ($10,010 vs $5355; P<.001). The extra length of hospital stay attributable to an ADE was 1.74 days (P<.001). The excess cost of hospitalization attributable to an ADE was $2013 (P<.001). A linear regression analysis for length of stay and cost controlling for all matching variables revealed that the occurrence of an ADE was associated with increased length of stay of 1.91 days and an increased cost of $2262 (P<.001). In a similar logistic regression analysis for mortality, the increased risk of death among patients experiencing an ADE was 1.88 (95% confidence interval, 1.54-2.22; P<.001). 

CONCLUSION: The attributable lengths of stay and costs of hospitalization for ADEs are substantial. An ADE is associated with a significantly prolonged length of stay, increased economic burden, and an almost 2-fold increased risk of death.

Ernst FR and Grizzle AJ. Drug-Related Morbidity and Mortality: Updating the Cost-of-Illness Model. J Am Pharm Assoc 2001. 41(2):192-199.

Rothschild JM, Federico FA, Gandhi TK, Kaushal R, Williams DH, Bates DW. Analysis of medication-related malpractice claims: Causes, preventability, and costs. Archives of Internal Medicine. 2002;162(21):2414-2420. 

Adverse drug events (ADEs) are frequently result in malpractice claims, which are extremely costly and usually preventable. This article describes a retrospective review of malpractice claims to identify potential ADEs. The review found that most of these ADEs were preventable, and about half occurred in outpatients. The most frequent types of ADEs are discussed, as well as their possible prevention with error proofing and process standardization.

Schneider PJ, Gift MG, Lee YP, Rothermich EA, Sill BE. Cost of medication-related problems at a university hospital. Am J Health Syst Pharm. 1995 Nov 1;52(21):2415-8. 

The cost to an institution of medication-related problems (MRPs) was studied. A retrospective chart review covering the period from July 1992 through June 1994 was performed for patients at a university-affiliated medical center hospital who were known to have had clinical consequences from an adverse drug reaction (ADR) or medication error. All interventions resulting directly from the problem were recorded. A detailed list of patient charges was reviewed for each patient, and specific charges for the MRP-associated interventions were tabulated. The clinical outcomes used to evaluate intervention costs were categorized as extra laboratory tests, noninvasive procedures, additional treatments, invasive monitoring or procedures, increased length of stay, and intensive care. The cost of each intervention was calculated by applying the cost-to-charge ratio used in the institution's patient-charge-based accounting system. A total of 109 patient charts were reviewed. A total of 349 clinical outcomes associated with MRPs, or an average of 3 outcomes per patient, were detected. The mean +/- S.E. cost of MRP-associated clinical outcomes to the institution ranged from $95 +/- 11 for additional laboratory tests to $2640 +/- 596 for intensive care. The next most costly outcomes were increased length of stay and invasive monitoring or procedures. For the 1911 MRPs reported in 1994, the estimated total cost was almost $1.5 million. A review of the medical records of patients for whom an ADR or medication error had been recorded showed a high cost of these events to the institution, with the cost varying with clinical outcome, and a correspondingly strong opportunity for pharmacists to intervene to save money and improve the quality of care.

Senst BL, Achusim LE, Genest RP, Cosentino LA, Ford CC, Little JA, Raybon SJ, Bates DW. Practical approach to determining costs and frequency of adverse drug events in a health care network. Am J Health Syst Pharm. 2001 Jun 15;58(12):1126-32.  
The frequency, preventability, severity, root causes, and projected costs of adverse drug events (ADEs) occurring after or causing admission to a four-hospital integrated academic health network were studied. The sample included all admissions during a 53-day study period. Events were identified through daily record review of a random patient sample, computerized flags, and self-reporting. A case review committee validated the occurrence, classification, and root causes of the events. Additional length of stay and costs associated with ADEs were analyzed by using a case-control, multiple linear regression model. The estimated ADE rate during hospitalization was 4.2 events per 100 admissions, with a cost of $2162 per ADE. In addition, 3.2% of admissions were caused by ADEs, with an associated cost of $6685 per event. Fifteen percent of hospital ADEs and 76% of ADEs causing admission were judged preventable. The annual cost to the organization for events occurring during hospitalization was $1.7 million, and the cost of preventable ADEs was $260,000, while the projected costs of preventable ADEs causing admission were $3.8 million. The rate of admissions to the mental health center caused by ADEs was higher than for other settings at 13.6%, with a cost of preventable ADEs of $1.3 million. Patient noncompliance was judged to be the cause of the 69% of the ADEs causing admission. Seventy-one percent of the serious medication errors occurred at the prescribing stage of the medication-use process. ADEs were frequent, costly, and often preventable and resulted in many admissions to a mental health center.

Shannon JE, Boxold D.  Medical Malpractice:  Verdicts, Settlements, and Statistical Analysis.  Jury Verdict Research Group.  2002.Horsham, PA.  

The average malpractice settlement for a medication error which is estimated at $668,000.

Thomas EJ, Studdert DM, Newhouse JP, Zbar BI, Howard KM, Williams EJ, Brennan TA. Costs of medical injuries in Utah and Colorado. Inquiry. 1999 Fall;36(3):255-64. 

Patient injuries are thought to have a substantial financial impact on the health care system, but recent studies have been limited to estimating the costs of adverse drug events in teaching hospitals. This analysis estimated the costs of all types of patient injuries from a representative sample of hospitals in Utah and Colorado. We detected 459 adverse events (of which 265 were preventable) by reviewing the medical records of 14,732 randomly selected 1992 discharges from 28 hospitals. The total costs (all results are discounted 1996 dollars) were $661,889,000 for adverse events, and $308,382,000 for preventable adverse events. Health care costs totaled $348,081,000 for all adverse events and $159,245,000 for the preventable adverse events. Fifty-seven percent of the adverse event health care costs, and 46% of the preventable adverse event costs were attributed to outpatient medical care. Surgical complications, adverse drug events, and delayed or incorrect diagnoses and therapies were the most expensive types of adverse events. The costs of adverse events were similar to the national costs of caring for people with HIV/AIDS, and totaled 4.8% of per capita health care expenditures in these states. 

Barcode Point-of-care medication verification

AHRQ Study Shows Using Bar-Code Technology with eMAR Reduces Medication Administration and Transcription Errors. AHRQ, May 5, 2010
Using bar-code technology with an electronic medication administration record (eMAR) substantially reduces transcription and medication administration errors, as well as potential drug-related adverse events, says a new study funded by the Department of Health & Human Services' (HHS) Agency for Healthcare Research and Quality (AHRQ). The study is published in the May 6 issue of the New England Journal of Medicine.
Bar-code eMAR is a combination of technologies that ensures that the correct medication is administered in the correct dose at the correct time to the correct patient. When nurses use this combination of technologies, medication orders appear electronically in a patient's chart after pharmacist approval. Alerts are sent to nurses electronically if a patient's medication is overdue. Before administering medication, nurses are required to scan the bar codes on the patient's wristband and then on the medication. If the two don't match the approved medication order, or it is not time for the patient's next dose, a warning is issued.

Methodologies for sustaining barcode medication administration compliance. A multi-disciplinary approach. J Healthc Inf Manag. 2009 Fall;23(4):30-3.
Numerous recent studies have looked at how nursing workarounds and technology failures can undermine the patient safety benefits of barcode medication administration (BCMA) systems. This article will discuss how Solaris Health System in Edison, NJ, methodically addressed these challenges to achieve and sustain 95 percent compliance with BCMA, one of two major initiatives of the non-profit Solaris Patient Safety Institute, which was established to research best practices that could be shared with other organizations. Through meetings and interviews with frontline nurses and their managers, a multidisciplinary team (pharmacy, IT, nursing) identified 12 educational, technological and process-oriented issues, then developed concrete action plans to address each one (e.g., one-on-one software and device training, additional wireless access points, a "hard stop" to require scanning the patient's wristband). Key success factors included demonstrating executive dedication, creating a culture of ownership by engaging frontline nurses in solution design and providing a strong support system.
Bargren M, Lu DF. An evaluation process for an electronic bar code medication administration information system in an acute care unit. Urol Nurs. 2009 Sep-Oct;29(5):355-67, 391; quiz 368.
The purpose of this case study is to present an evaluation process and recommendations for addressing the gaps found with the implementation of a new bar code medication administration (BCMA) technology in a busy acute care hospital unit. The case study analyzes workflow procedures associated with administration of medications in an inpatient labor and delivery care unit before and one year after implementation of BCMA technology. The comparison reveals a twofold increase in workflow procedures for nursing staff because of the new technology. System gaps are identified from a nursing user's perspective, and recommendations are offered to close those gaps.

Nanji KC, Cina J, Patel N, Churchill W, Gandhi TK, Poon EG. Overcoming barriers to the implementation of a pharmacy bar code scanning system for medication dispensing: a case study. J Am Med Inform Assoc. 2009 Sep-Oct;16(5):645-50. Epub 2009 Jun 30.
Technology has great potential to reduce medication errors in hospitals. This case report describes barriers to, and facilitators of, the implementation of a pharmacy bar code scanning system to reduce medication dispensing errors at a large academic medical center. Ten pharmacy staff were interviewed about their experiences during the implementation. Interview notes were iteratively reviewed to identify common themes. The authors identified three main barriers to pharmacy bar code scanning system implementation: process (training requirements and process flow issues), technology (hardware, software, and the role of vendors), and resistance (communication issues, changing roles, and negative perceptions about technology). The authors also identified strategies to overcome these barriers. Adequate training, continuous improvement, and adaptation of workflow to address one's own needs mitigated process barriers. Ongoing vendor involvement, acknowledgment of technology limitations, and attempts to address them were crucial in overcoming technology barriers. Staff resistance was addressed through clear communication, identifying champions, emphasizing new information provided by the system, and facilitating collaboration.

Agrawal A. Br. Medication errors: prevention using information technology systems. J Clin Pharmacol. 2009 Jun;67(6):681-6. 
1. Given the high frequency of medication errors with resultant patient harm and cost, their prevention is a worldwide priority for health systems. 
2. Systems that use information technology (IT), such as computerized physician order entry, automated dispensing, barcode medication administration, electronic medication reconciliation, and personal health records, are vital components of strategies to prevent medication errors, and a growing body of evidence calls for their widespread implementation. 
3. However, important barriers, such as the high costs of such systems, must be addressed through economic incentives and government policies. 
4. This paper provides a review of the current state of IT systems in preventing medication errors.

Marini SD, Hasman. Impact of BCMA on Medication Errors and Patient Safety: A Summary. A. Stud Health Technol Inform. 2009;146:439-44.
Purpose: To summarize key recommendations and supporting evidence from the most recent studies evaluating the impact of bar coded medication administration (BCMA) systems, and the complementary technologies: Computerized Physician Order Entry (CPOE) and automated dispensing carts (ADC) in preventing medication errors and enhancing patent safety. 

Conclusion: The significant drop in medication errors rate achieved with the use of BCMA in various facilities presents a blueprint for its positive impact on patient safety. The observation measure to evaluate BCMAs use showed an increased rate of error detection because of the system ability to capture and record intercepted administration errors. However various workarounds by BCMAs users were detected. These workarounds were created to compensate for the flaws and inconvenient aspects of the barcode technology.

Caputo KM, Cina J, Patel N, Churchill W, Gandhi TK, Poon EG. Overcoming Barriers to Pharmacy Bar Code Scanning System Implementation: A Case Study. J Am Med Inform Assoc. 2009 Jun 30. 
Technology has great potential to reduce medication errors in hospitals. This case report describes barriers to, and facilitators of, the implementation of a pharmacy bar code scanning system to reduce medication dispensing errors at a large academic medical center. Ten pharmacy staff were interviewed about their experiences during the implementation. Interview notes were iteratively reviewed to identify common themes. We identified three main barriers to pharmacy bar code scanning system implementation: process (training requirements and process flow issues), technology (hardware, software and the role of vendors) and resistance (communication issues, changing roles, and negative perceptions about technology). We also identified strategies to overcome these barriers. Adequate training, continuous improvement, and adaptation of workflow to address one's own needs mitigated process barriers. Ongoing vendor involvement, acknowledgment of technology limitations, and attempts to address them were crucial in overcoming technology barriers. Staff resistance was addressed through clear communication, identifying champions, emphasizing new information provided by the system, and facilitating collaboration.

Market Overview: Hospital Bar Coding Applications. Research and Markets, June 22, 2009
These Market Overviews are designed to provide a snapshot of the healthcare information industry on a particular topical area. The data from the Market Overviews is drawn from the HIMSS Analytics Database (derived from the Dorenfest IHDS+ Database™).
Each report includes key information pertaining to the applications that round out the market segment. While the particular information in any given report will vary, each report includes core data elements.
These data elements include: 

• Market penetration by application (i.e. percent of the hospitals using a particular solution)

• Market share of the leading vendors

• Purchasing information—what percent of the market plans on purchasing software

• Top vendors being considered in new market opportunities

• Market analysis and summary

This overview provides an evaluation of bar code technologies in laboratory, radiology, pharmacy, and materials management.
Pieter J. Helmons, Lindsay N. Wargel and Charles E. Daniels. Effect of bar-code-assisted medication administration on medication administration errors and accuracy in multiple patient care. American Journal of Health-System Pharmacy, Vol. 66, Issue 13, 1202-1210.
Purpose. The effect of a commercially available bar-code-assisted medication administration (BCMA) technology on six indicators of medication administration accuracy and nine types of medication administration errors in distinct patient care areas were studied.
Methods. This prospective, before-and-after, observational study was conducted in two medical–surgical units, one medical intensive care unit (ICU), and one surgical ICU of a 386-bed academic teaching hospital. Nursing staff were observed administering medications one month before and three months after implementation of BCMA technology. Observations were conducted by two pharmacists and four pharmacy students on weekdays and weekends. Medication administration accuracy was measured using the accuracy indicator of the California Nursing Outcomes Coalition.

Conclusion. Implementing BCMA technology decreased medication administration errors in medical–surgical units but not in ICUs when time errors were excluded. BCMA technology affected different types of medication administration errors in different patient care areas.

ASHP national survey of pharmacy practice in hospital settings: Dispensing and administration. American Journal of Health-System Pharmacy, Vol. 66, Issue 10, 926-946
Purpose. Results of the 2008 ASHP national survey of pharmacy practice in hospital settings that pertain to dispensing and administration are presented.
Methods. A stratified random sample of pharmacy directors at 1310 general and children’s medical–surgical hospitals in the United States were surveyed by mail.
Conclusion. Safe systems continue to be in place in most hospitals, but the adoption of new technology is rapidly changing the philosophy of medication distribution. Pharmacists are continuing to improve medication use at the dispensing and administration steps of the medication-use process.

The current state of hospital pharmacy. American Journal of Health-System Pharmacy, Vol. 66, Issue 10, 895

Whether you are an optimist or a pessimist about hospital pharmacy, you will find fuel for your disposition in the results of the latest ASHP national survey.1 The 2008 edition of this annual study focused on the dispensing and administration of medicines, the traditional core of hospital pharmacy, updating the 2005 data on these steps in the medication-use process.
Many trends revealed in the survey tell a positive story about hospitals’ adoption of best practices in medication-use safety. For example, bar-code-assisted medication administration is used in 25% of hospitals, up from just 1.5% in 2002. The use of smart infusion pumps increased, from 32% of hospitals in 2005 to 59% in 2008. Pharmacists have expanded their review of medication orders in areas where medical procedures are performed; in labor and delivery, for instance, this figure went up from 17% of hospitals in 2002 to more than 38% in 2008. The percentage of hospitals that use handwritten medication administration records declined from 46% in 1999 to 17% in 2008.

Biron AD, Loiselle CG, Lavoie-Tremblay M. Work Interruptions and Their Contribution to Medication Administration Errors: An Evidence Review. Worldviews Evid Based Nurs. 2009 Apr 29.
Background: In many surveys, nurses cite work interruptions as a significant contributor to medication administration errors. 

Objectives: To review the evidence on (1) nurses' interruption rates, (2) characteristics of such work interruptions, and (3) contribution of work interruptions to medication administration errors. 

Approach: Search strategy: CINHAL (1982-2008), MEDLINE (1980-2008), EMBASE (1980-2008), and PSYCINFO (1980-2008) were searched using a combination of keywords and reference lists. 

Conclusions: Future studies should demonstrate improved methodological rigor through a precise definition of work interruptions and reliability reporting to document work interruption characteristics and their potential contribution to medication administration errors, considering the limited evidence found. Meanwhile, efforts should be made to reduce the number of work interruptions experienced by nurses.

Elganzouri ES, Standish CA, Androwich I. Medication Administration Time Study (MATS): nursing staff performance of medication administration. J Nurs Adm. 2009 May;39(5):204-10.
OBJECTIVE: The aim of this study was to develop and test a method for assessing nursing effort and workflow in the medication administration process. 
BACKGROUND: Thousands of patients die each year from medication errors, and hospitals strive for error reduction. Bar-coding medication administration systems have been proposed as a solution; however, many hospitals lack the necessary pre-implementation workflow process data on medication administration processes to evaluate the effectiveness of their current systems. 
METHOD: A descriptive observation study of 151 nurses during 980 unique medication observations in medical-surgical units at a rural hospital, an urban community hospital, and an academic medical center was conducted. 
RESULTS: Nurses averaged more than 15 minutes on each medication pass and were at risk of an interruption or distraction with every medication pass. 
CONCLUSION: System challenges faced by nurses during the medication administration process lead to threats to patient safety, work-arounds, workflow inefficiencies, and distractions during a time when focus is most needed to prevent error.

Marita Schifalacqua, RN, MSN, NEA-BC, FAAN, Chris Costello, MEng, MBA, Wendy Denman, RNC, BBM, BSN, MSN. Roadmap for Planned Change, Part 2: Bar-Coded Medication Administration. Nurse Leader, Volume 7, Issue 2, Pages 32-35 (April 2009).
Change—savored by some and feared by many. How do you as nurse leaders use your knowledge and insight to move forward and transfer your vision for quality and safety into reality? What do you need to do to get key stakeholders on the bus and, in some cases, even drive the bus? The roadmap for planned change allows for an infrastructure of thought brought to increase the likelihood for successful change. Successful change is important to our patients and to us as providers of that care.

This article, the second of a two-part series, focuses on the application of change theory and the elements of project management most critical to successfully implementing a bar-coded medication administration (BCMA) program. Examples will be from one hospital's experience, Saint Francis Medical Center in Grand Island, Nebraska, to a health system's (Catholic Health Initiatives, Denver, Colorado) approach to planning for 30 hospitals. The definition of the BCMA program includes a consistent, integrated information technology strategy, with a focus on point-of-care BCMA to ensure that the right person receives the right medication, in the right dosage, via the right route, at the right time (five rights). The bar code on medication is scanned before administration to patients.

Roose, Kristi. Mahaska Health Partnership’s Journey to EMAR/BCMA. Final Grant Report. 

Available for download at: http://www.mahaskahealth.com/documents/Grantfinalreport.pdf

Through the application of funds provided through the IDPH grant we have successfully purchased and implemented an Electronic Medication Administration Record (EMAR) technology and Bar-Code Medication Administration (BCMA) technology throughout our labor and delivery care unit. Goals achieved through this project include: improved patient safety by providing clinicians with immediate and up-to-date access to patients’ medication status; and improved medication safety and information management through automated medication prescription and administration processes. Outcomes of this project have been initially demonstrated and through extended use, are expected to reduce two of the five known causes of medication errors: 1) Incomplete patient information and 2) miscommunication of drug order. It is our intent to provide other critical access hospitals an example and lessons learned to aid in their development of an EMAR/BCMA technology solution.

Mason, Scott J., Russell D. Meller, Lisa M. Thomas, Jennifer A. Pazour, Sarah E. Root. Survey of Hospital Pharmacy Directors: Assessment of the Current State of Unit-Dose Acquisition
To request full article click here. 
BACKGROUND: Many hospitals are in the planning stage of barcode point-of-care (BPOC) implementation. One of the challenges that hospital pharmacies face in BPOC implementation is unit-dose acquisition.

OBJECTIVE: This article presents the results of a survey of hospital pharmacy directors to assess the current state of unit-dose acquisition to support bedside barcode-enabled dispensing practices. 
CONCLUSIONS: The survey found that most hospital pharmacy directors choose to repackage medications inhouse, despite the high cost of repackaging equipment and a relatively low utilization of that equipment. Hospitals indicated that cost and turnaround time were the 2 issues of greatest concern when considering outsourcing unit-dose medication repackaging to a third-party repackager. 
Swenson RPh, David. Point-of-Care Medication Error Prevention: Best Practices in Action. Patient Safety and Quality Healthcare, May/June 2007.

Adoption rates of BPOC systems are also increasing, but not all installations have been successful. According to the Cain Brothers research (2007), 14% of hospitals now have BPOC systems fully implemented, compared to just 5% three years ago. However, Cain Brothers also reports that an additional 12% of hospitals have attempted installations that failed or remain incomplete. Nurses and pharmacists in these facilities provide some insight into the reasons why. Nurses often report that traditional BPOC systems based on off-the-shelf wireless PDAs or a computer on wheels (COWs) are difficult to use.
Cochran, Gary L.; Jones, Katherine J.; Brockman, John; Skinner, Anne; Hicks, Rodney W. “Errors Prevented by and Associated with Bar-Code Medication Administration Systems.” Joint Commission Journal of Quality and Patient Safety, May 2007. Volume 33, Number 4: 293-301.

The authors share case reports that demonstrate how bar-code medication administration (BCMA) systems prevented errors in some cases but caused them in others. As expected, bar-code medication administration systems can prevent medication errors. However, health care organizations must be aware of identified failure points in bar coding that may contribute to errors.

Paoletti RD, Suess TM, Lesko MG, Feroli AA, Kennel JA, Mahler JM, Sauders T. “Using bar-code technology and medication observation methodology for safer medication administration.” American Journal of Health-System Pharmacy. March 1, 2007. 64(5):536-43.

The implementation of a multidisciplinary approach to systematically decrease medication errors through the use of observation methodology and the deployment of electronic medication administration records (EMARs) and bar-coded-medication administration (BCMA) is described. The direct-observation methodology was used to monitor medication administration before and after the deployment of the EMAR and BCMA systems. A 54% reduction of medication administration errors was observed following implementation of a multidisciplinary, collaborative approach to medication safety.
Vanderveen, Tim. “Smart Pumps: Advanced Capabilities and Continuous Quality Improvement.” Patient Safety and Quality Healthcare: January/February 2007.

<http://www.psqh.com/janfeb07/smartpumps.html>

The introduction of "smart" (computerized) intravenous (IV) infusion pumps in 2001 signaled a major advance in medication safety. For the first time, pumps with safety software could automatically alert clinicians to avoid IV infusion programming errors that otherwise could have tragic results. Infusion devices can now read bar codes applied by manufacturers or at the time of preparation by pharmacy. When the bar code on the IV medication is scanned, the pump automatically selects the correct medication and concentration, adding another level of safety.

Straub, Dawn A. “What Nurses Want Pharmacists to Know About Bar Coding Processes.” Pharmacy Purchasing and Products: December 2006. 

<http://www.pppmag.com/documents/V3N9/20-21.pdf>

HEALTH CARE LITERATURE IS REPLETE WITH DISCUSSION AND STATISTICS about patient safety and the use of bar code medication administration (BCMA) technology. What is often missing from this discussion is what nurses want pharmacists to know about BCMA. Since pharmacy is usually the primary decision maker in BCMA purchases, while nursing is the primary user of the technology at the point of care, it is important for pharmacy to understand the following: effective working relationships, systems designed to fit the patient care delivery models, systems are integrated to the care provider workflow, etc.  
Huff, Charlotte. “Bar Code Study Confirms Technology’s Safety Benefits—With Caveats.” Pharmacy Practice News: Issue November 2006, Volume 33:11. <http://www.pharmacypracticenews.com/index.asp?section_id=52&show=dept&issue_id=189&article_id=6119>
Implementing bar-coding technology in a hospital pharmacy can reduce all dispensing errors by 36% and potential adverse drug events by 63%, according to a study focused on the technology’s implementation at Brigham and Women’s Hospital in Boston. The study, published in the September Annals of Internal Medicine (2006;145:426-434), analyzed before-and-after experiences at the 747-bed academic medical center, along with the relative effectiveness of three dispensing processes. Nearly 116,000 medication doses were observed during the pre–bar code implementation period in 2003. An additional 253,984 doses were tracked in 2004 after the technology’s implementation.
Hurley, Ann C., Lancaster, Diane, Hayes, Judy, Wilson-Chase, Chantel, Bane, Anne, Griffin, Martha, Warden, Victoria, Duffy, Mary E., Poon, Eric G., Gandhi, Tejal K. “The Medication Administration System--Nurses Assessment of Satisfaction (MAS-NAS) scale.” Journal of Nursing Scholarship, September 22, 2006: Volume 38, Issue 3.

This analysis showed beginning evidence of the validity and reliability of MAS-NAS. Because nurses are the ultimate users of medication administration systems, their views are important and should be considered as existing systems are evaluated and new systems are contemplated and introduced. Systems must be designed correctly or they can actually introduce errors

Heller, Al. “ASHP Survey Sees Rapid Decentralization of Drug Distribution.” Pharmacy Practice News: Issue May 2006, Volume 33:05.

<http://www.pharmacypracticenews.com/index.asp?section_id=53&show=dept&issue_id=77&article_id=3647>

Bar coding of unit doses is another safety measure on a rapid rise. This practice was in use at 9.4% of hospitals of every size in 2005—more than six times the 2002 rate of 1.5%. "Health systems are placing [bar coding] ahead of other patient-safety technology applications," said Dr. Pedersen. "In 2002, it was hospitals of 200 beds or more that did this. Now, it's more common in facilities of 100 beds or more." Dr. Pedersen estimated that between 14% and 18% of hospitals with 100 or more beds will soon be using bar codes "because it's the last point at the bedside to catch an error."
Blank, Dennis. “Bedside Bar-coding Still Lagging in Hospitals.” Drug Topics: May 22, 2006. <http://www.drugtopics.com/drugtopics/article/articleDetail.jsp?id=326258&searchString=unSummit>

Despite a new Food & Drug Administration mandate, which went into effect April 26 requiring all drugs supplied to hospitals to be bar-coded, less than 10% of U.S. hospitals have a bedside bar-coding system in place. Many hospital pharmacy executives say the main reason they are not on board yet is the high cost of implementing it.
Patterson ES, Rogers ML, Chapman RJ, Render ML. “Compliance with intended use of Bar Code Medication Administration in acute and long-term care: an observational study.” Human Factors: Spring 2006. 48(1):15-22.

OBJECTIVE: To identify the types and extent of workaround strategies with the use of Bar Code Medication Administration (BCMA) in acute care and long-term care settings. CONCLUSION: Workaround strategies were employed with BCMA that increased efficiency but created new potential paths to adverse events. There was a significant difference in the rate of use of workaround strategies between acute and long-term care.

Poon EG, Keohane C, Featherstone E, Hays B, Dervan A, Woolf S, Hayes J, Bane A, Newmark LP, Gandhi TK. “Impact of barcode medication administration technology on how nurses spend their time on clinical care.” AMIA Annu Symp Proc. 2006; 1065.

In a time-motion study conducted in a hospital that recently implemented barcode medication administration (BCMA) technology, we found that the BCMA system did not increase the amount of time nurses spend on medication administration activities, and did not compromise the amount of time nurses spent on direct care of patients.

Philip J. Trapskin, Pharm.D and Louise White, B.A., RN. ”Patient Identification in the Medication-Use Process.” American Journal of Health-System Pharmacy: 2006. Vol. 63, Issue 3, 218-222

The fourth core area for system improvement involved the use of the MAR. The FMEA team found that the administration of medications without the MAR available at the bedside contributed to errors. The team recommended reinforcing the existing policy that requires the MAR to be at the bedside when medications are administered. Also, the team strongly encouraged the implementation of an electronic bedside medication verification and administration system.

Poon EG. Effect of Bar-code Technology on the Incidence of Medication Dispensing Errors and Potential Adverse Drug Events. AMIA Annu Symp Proc. 2005:1085.

A direct observation pre-post study to evaluated the impact of barcode technology on medication dispensing errors and potential adverse drug events and showed an 85% relative reduction in the target dispensing error rate and a 63% relative reduction in potential ADEs.
Advisory Board Company-Prescription for change. Toward a higher standard in medication management. Clinical Initiatives Center. Washington DC: Advisory Board Company; 1999.

American Hospital Association, American Society of Health-System Pharmacists, Hospitals and Health Networks. Medication Safety Issue Brief. Bar Code implementation strategies. Hosp Health Netw. 2005 Jul;79(7):65-6. 

Bar code technology is hailed as a tool to prevent medication errors from occurring where they could cause the most harm--at the point of care. It provides an extra layer of protection for front-line caregivers and helps hospitals comply with Joint Commission on Accreditation of Healthcare Organizations' standards and patient safety goals. Specifically, it helps hospitals meet requirements to verify orders and patients before medication administration. It ensures that nurses administer the right drug to the right patient in the right dose at the right time and by the right route.

American Hospital Association; American Society of Health-System Pharmacists; Hospitals & Health Networks. Medication safety issue brief. Using automation to reduce errors. Part 2.

Hosp Health Netw. 2001 Feb;75(2):33-4. 

The medication-use system in hospitals is inherently complex. There can be more than 100 steps from the time a prescription is written to the time a patient receives the medication. Technology has the potential to reduce medication errors by reducing complexity, avoiding over-reliance on memory, simplifying key processes, and, if designed and implemented properly, increasing efficiency. It can also be a cost-effective tool for improving quality. This briefing examines issues in selection and implementation automation.

American Society of Health-System Pharmacists Foundation. Implementing a Bar Coded Medication Safety Program: Pharmacist’s Toolkit. 2005

http://ashpfoundation.org/barcoded.pdf
Abdoo YM. Designing a patient care medication and recording system that uses bar code technology. Comput Nurs. 1992 May-Jun;10(3):116-20.

Bar code technology has been implemented in a variety of health care applications to facilitate computerized data entry. In this report, the author describes the potential application of a patient medication administration and recording system that uses bar code technology for data entry. The need for nursing to collaborate with pharmacy and information systems developers is discussed, and issues for consideration in the design of the medication system are outlined. 

[No authors listed] Scanning medication barcodes improves accuracy at Lehigh Valley Hospital. Perform Improv Advis. 2003 Oct;7(10):132-4, 129.

Performance improvement often means doing tasks faster, but it can also involve increasing the accuracy of a health care process and reducing error rates. At Lehigh Valley Hospital in Allentown, PA, the implementation of a wireless barcode scanning system has increased the accuracy of nurses giving medications to patients, even though it has slowed them down a bit.

Bar-coded medication administration (BCMA) systems. Future promise, present challenges. Health Devices. 2003 Oct;32(10):373-81. 

One popular new method for building safeguards into the medication administration process is the use of a bar-coded medication administration (BCMA) system. Clinician use the system's bar-code scanner to scan labels on the medication packaging and on the patient's identification wristband. In this way, the system verifies that administered medications match provider orders at the point of care. BCMA systems have received a lot of media attention and manufacturer promotion. However, they aren't yet a practical option for most hospitals. Although they offer great potential to help prevent administration errors, current systems have significant limitations. To realize maximum patient safety benefit, an ideal BCMA system should be capable of both point-of-care medication verification and automatic programming of infusion pumps. No current system offers both capabilities. In this article, we discuss these and other limitations and list objectives that need to be met to make commercial BCMA systems successful. We also give advice to help hospitals reduce medication error now and prepare for future implementation of integrated BCMA systems.

Anderson S, Wittwer W.  Using bar-code point-of-care technology for patient safety. J Healthc Qual. 2004 Nov-Dec;26(6):5-11. 

Patient safety, in particular, medication safety, has become a major issue for healthcare providers, payers, and patients. Medication errors occur at an alarming rate, and the majority of non-intercepted medication errors originate at the point of care when a nurse mistakenly administers a medication. The 1999 Institute of Medicine report called for increasing the use of information technology to reduce medication errors. Realizing a 59% to 70% decrease in medication administration errors on individual nursing units, this hospital demonstrates how bar code point-of-care medication administration systems successfully track, reduce, and prevent bedside medication errors while having a positive effect on nursing satisfaction.

Chester MI and Zilz DA. Effects of bar coding on a pharmacy stock replenishment system Am. J. Health Syst. Pharm., Jul 1989; 46: 1380 - 1385. 

Chung K, Choi YB, Moon S. Toward efficient medication error reduction: error-reducing information management systems. J Med Syst. 2003 Dec;27(6):553-60. 

Hospitals and other health-care providers today are being pressed more than ever to use technologies for reducing medical errors. Particularly, medication errors are likely to increase fast as Americans age. This paper intends to provide a starting point for understanding information technologies and database systems supporting such technologies as Computerized Physician Order Entry (CPOE), Automated Dispensing System (ADS), and Bar Coding System designed to reduce medication errors in hospitals. Although vendors provide the necessary communication software and applications, actions involving governments, technology vendors, pharmaceutical companies, and clinical researchers are needed to put to actual use the applications with a massive potential to significantly reduce medication-related errors.

Cina J, Fanikos J, Mitton P, McCrea M, and Churchill W. Medication errors in a pharmacy-based bar-code-repackaging center. Am. J. Health Syst. Pharm., Jan 2006; 63: 165 - 168.

Coyle GA, Heinen M. Evolution of BCMA within the Department of Veterans Affairs. Nurs Adm Q. 2005 Jan-Mar;29(1):32-8. 

The Department of Veterans Affairs Medical Center implemented Bar Code Medication Administration (BCMA) between 1999 and 2000 in 161 Medical Centers or Health Systems. BCMA has had a major impact on inpatient licensed nursing staff. Nurses have moved from manual to electronic medication documentation, increasing the complexity of medication administration. There has been acceptance of BCMA by the nurses who are able to see the positive benefits and patient safety aspects. A marked decrease in medication administration errors is a result of implementing BCMA.
Barcoding and RFID: Barcoding to Enhance Patient Safety

Joseph C, Ratko T, Matuszewski K.  Patient Safety & Quality Healthcare. September/October 2005.

This article is part of a technology assessment document prepared by the University HealthSystem Consortium (UHC) to assist members in assessing and deploying barcoding technology as a patient safety strategy. It was developed following surveys of members about their current practices and their future plans and after review of data gathered through the UHC that has led members to believe that this technology might be valuable in eliminating certain types of medication administration errors.

Cummings J, Bush P, Smith D, Matuszewski K. Bar-coding medication administration overview and consensus recommendations. Am. J. Health Syst. Pharm., Dec 2005; 62: 2626 - 2629.

Information on University Health System Consortium member experiences and important considerations for BCMA technology were studied using focus groups. Two focus groups, encompassing nine UHC members, were queried extensively regarding the issues surrounding BCMA. Patient safety was cited as the top reason for implementing BCMA, with secondary benefits including improved workflow, documentation, billing, and public relations. It was suggested that selecting the product and vendor is very institution-specific, with many potential correct solutions. Recommended implementation strategies included using a stepwise approach to upgrade IT infrastructure, first initiating bar coding for patients, followed by staff and medication bar coding, and piloting the system on one unit before large-scale application. Successful implementation strategies closed loopholes that allowed nursing and pharmacy staff workarounds, planned for the rapid elimination of the old system when the new system was in place, and garnered input and strong support from pharmacy and nursing staff throughout the process. 

Douglas J, Larrabee S. Bring barcoding to the bedside. Nurs Manage. 2003 May;34(5):36-40.  

A 240-bed regional hospital shares best practices for implementing a patient safety initiative that targets point-of-care barcode technology.

ECRI. Patient-controlled analgesic infusion pumps. Health Devices. 2006 Jan;35(1):5-35. 

Patient-controlled analgesic (PCA) infusion pumps allow patients to self-administer doses of pain-relieving medication as needed, rather than having to summon a caregiver. The most significant risk when using these pumps is overmedication leading to narcotic-induced respiratory depression. Several current PCA pumps offer advanced error-reduction features designed to minimize the odds of an accidental overdose: dose error reduction systems, bar-code readers, and computer-based pump-programming systems that entail downloading infusion protocols via a hardwired connection to a PC. The availability of these features plays a dominant role in our ratings. We tested 11 pumps from seven suppliers. Two pumps are rated Preferred because they offer easy-to-use advanced error-reduction features that have been proven effective in a hospital setting. Two other pumps offer computer-based programming and are rated Acceptable, although we note that not all facilities may be able to accommodate the workflow necessary to use the computer-based programming. The remaining pumps are rated Not Recommended because they lack advanced error-reduction features; although most of these pumps perform acceptably, better choices are available.

Englebright JD, Franklin M. Managing a new medication administration process. J Nurs Adm. 2005 Sep;35(9):410-3. 

The national focus on medication errors has stimulated rapid adoption of medication administration technologies with bar code verification. The effectiveness of these technologies in preventing errors is directly related to how consistently practitioners use the technology to verify both patient identity and drug identity with each administration. The authors discuss management strategies that have proven effective at increasing staff compliance with using bar code-enabled medication systems.

Food and Drug Administration, HHS. Bar code label requirement for human drug products and biological products. Final rule. Fed Regist. 2004 Feb 26;69(38):9119-71. 

The Food and Drug Administration (FDA) is issuing a new rule to require certain human drug and biological product labels to have bar codes. The bar code for human drug products and biological products (other than blood, blood components, and devices regulated by the Center for Biologics Evaluation and Research) must contain the National Drug Code (NDC) number in a linear bar code. The rule will help reduce the number of medication errors in hospitals and other health care settings by allowing health care professionals to use bar code scanning equipment to verify that the right drug (in the right dose and right route of administration) is being given to the right patient at the right time. The rule also requires the use of machine-readable information on blood and blood component container labels to help reduce medication errors.
Greenly M et al. How Bar Coding reduces Medication Errors. Nursing, 2002 May; 32(5):70

Hokanson JA, Keith MR, Guernsey BG, Grudzien RR, Doutré WH, Luttman DJ, Trachtenberg MC. Potential use of bar codes to implement automated dispensing quality assurance programs. Hospital Pharmacy, 1985 May;20(5):327-9, 333, 337
Bar code-based systems have automated many counting, tracking, and sorting functions in health care delivery services. We designed and briefly tested the feasibility of a bar code-based dispensing quality assurance system for a hospital outpatient pharmacy. The use of bar codes to verify the identity of the dispensed product required an extra few seconds processing time for each prescription but did not increase markedly the processing time when compared to a control period. In addition to verifying product identity, the system checked the manufacture's expiration date to reduce the risk of delivering outdated medications to the patient. The on-site test period for this feasibility model was relatively short (one week) and no actual dispensing errors were detected. However, when the system was presented with 100 different prescription forms containing 50 randomly sequenced, precontrived dispensing errors, the system identified all medication errors and outdated products. As shown in other studies, bar code-based systems have the potential to capture information not effectively recorded using manual methods. We suggest they should be considered by pharmacists interested in automating inventory management and work flow functions or establishing automated dispensing quality assurance programs.
Johnson CL, Carlson RA, Tucker CL, Willette C. Using BCMA software to improve patient safety in Veterans Administration Medical Centers.

J Healthc Inf Manag. 2002 Winter;16(1):46-51.

Bar Code Medication Administration (BCMA) software, as developed by the Veterans Health Administration, is an innovative, automated system that uses wireless, point-of-care technology with an integrated bar code scanner. The system can dramatically reduce medication administration errors by letting clinicians verify a patient's identity and validate medications against active orders.

Johnson VR, Hummel J, Kinninger T, Lewis RR. Immediate steps toward patient safety. Healthc Financ Manage. 2004 Feb;58(2):56-61. 

Patient safety should be a fundamental element in any hospital's philosophy, mission, and vision. Use of barcode point-of-care technology (BPOC) to reduce medication errors is a patient-safety approach that hospitals can implement within a short time frame and obtain immediate benefits. Advantages of BPOC are that it is intuitive, cost-effective, and conducive to improved patient satisfaction.

Kinninger T, Reeder L. The business case for medication safety. Healthc Financ Manage. 2003 Feb;57(2):46-51. 

The decision to invest in a medication-safety system should take into account not only implementation costs but also reduced hospital costs for treating complications resulting from medication errors and potential liability. Medication-safety programs should be analyzed and planned the same as any other investment. Providers should base their projected return from a medication-safety system on intangible benefits to the organization as well as an ROI calculation. Investment in medication-safety systems can be justified in terms of risk management and legal liability.

Larrabee S, Brown MM. Recognizing the institutional benefits of bar-code point-of-care technology. Jt Comm J Qual Saf. 2003 Jul;29(7):345-53. 

BACKGROUND: The application of bar-code technology to medication administration is growing, and its benefits are increasingly recognized. This article describes a hospital's experience with bar-code point-of-care (BPOC) technology and discusses the benefits of BPOC, considers the essential role of the pharmacist when implementing BPOC in a hospital setting, and provides a financial model for cost avoidance using a BPOC system. 

IMPLEMENTING BPOC: In 1998 Northern Michigan Regional Health System (Petoskey, Mich) partnered with a software company to create a BPOC system. Major milestones associated with implementation were involving and preparing end users, examining the hospital's entire medication process, updating the formulary and mapping drugs accurately, and identifying a process to maximize bar-code label attachment to medications. 

RESULTS: Visibility of prevented errors increased as compared with occurrence reports. Among the prevented errors, approximately 25% of the not-due errors occurred between shifts or between caregivers; wrong-dose errors included nurse attempts to give one tablet when two were ordered and giving two tablets when one was ordered; and wrong-patient errors were predominantly associated with intravenous piggyback medications. Omitted doses or missed doses were virtually eliminated by BPOC. 

DISCUSSION: A BPOC system provides a much-needed safety net at the bedside to avert potentially injurious medication errors. Another benefit that a BPOC system provides is a record of actual medication administrations. Conducting a thorough assessment of a hospital's readiness for a BPOC system will guide system implementation and help avoid potential installation pitfalls.

Lawton G and Shields A. Bar-code verification of medication administration in a small hospital. Am. J. Health Syst. Pharm., Nov 2005; 62: 2413 - 2415. 

Medication errors have been described as one of the most common, serious, and costly causes of adverse events in hospitalized patients in the United States.1–4 A significant portion of the mistakes resulting in adverse drug events are known to occur as a result of human error at the point of drug administration.5,6 New technologies have been recommended as one means by which the accuracy of the error-prone medication administration process may be improved.7 Specifically, bar-code verification (BCV) of medication administration may have the potential to reduce errors.8 Two groups of researchers have described dramatic reductions in medication administration errors after the implementation of BCV.9,10 As a result, BCV is commonly viewed as an ideal means of ensuring the accuracy of administration. 

The published experience with BCV involved medium-sized and large hospitals and federal health systems. The purpose of this study was to assess the impact of BCV on medication errors in a small private hospital. 

Lefkowitz S, Cheiken H, Barnhart MR. A trial of the use of bar code technology to restructure a drug distribution and administration system. Hosp Pharm. 1991 Mar;26(3):239-42. 

As we move into the 1990s, the challenges we face are many. Our ever-changing health care industry is giving managers, directors, and administrators much to ponder: how do we reduce costs and improve patient care? One promising area that may help answer this question in pharmacy services is bar code technology. This article offers helpful advice about the development of bar code and drug delivery systems and discusses the future applications of bar code technology in pharmacy practice, based on 3 years of hands-on experience at Florida Medical Center.

Lenderink BW, Egberts TC. Closing the loop of the medication use process using electronic medication administration registration. Pharm World Sci. 2004 Aug;26(4):185-90.

Recent reports and studies of errors in the medication process have raised the awareness of the threat to public health. An essential step in this multi-stage process is the actual administration of a medicine to the patient. The closed loop system is thought to be a way of preventing medication errors. Current information technology can facilitate this process. This article describes the way barcode technology is being used to facilitate medication administration registration on several wards in our hospital and nursing home.

Lewis, RF. Ed. Implementation Guide for the Use of Bar Code Technology in Healthcare. HIMSS 2003
Many experts are touting bar coding as a key technology to increase efficiency and accuracy in healthcare. This guide is intended to ground readers in the basics and provide insights to enable the implementation of bar codes in healthcare organizations.

The book offers a ground-level education in the basics of bar coding and how it fits into patient registration, patient safety efforts, product and supply logistics, and patient accounting and billing. The writers also provide background in industry standards. But it’s also practical, providing adoption strategies and helpful guidance for making bar coding work in your organization.

The book was written by members of HIMSS’ Bar Code Task Force and edited by Russell Lewis.
Low DK, Belcher JV.  Reporting Medication Errors Through Computerized Medication Administration. Comput Inform Nurs. 2002 Sep-Oct;20(5):178-183.

The incidence of medication errors has risen dramatically during the last decade to an alarming number. Nurses report only 5% of significant errors, those considered life threatening. Little research has been done related to medication errors at the administration stage or reporting methods. The purpose of this study was to compare medication error rate per 1,000 doses administered before and after the implementation of a bar code medication administration system. The study was conducted on two medical-surgical units at a midwest government hospital 12 months both before and after the implementation of the Bar Code Medication Administration system. The medication error rate per 1,000 doses administered by a nurse after implementation of the Bar Code Medication Administration system showed an 18% increase. The results probably do not indicate an increase in medication errors but rather an increase in the number of medication errors reported. This research highlights problems with programs evaluating medication errors and new technology implementation. Evaluators must have accurate baseline data before implementation. Past research has shown that the medication error rate has been underreported. In contrast to a staff reporting system, the computerization of medication administration improves the reporting system by reporting all errors. Once a more accurate error rate is known, new technology can be created, evaluated, and refined to reduce medication errors.

Malcolm B, Carlson R, Tucker C, Willette,C.  Veterans Affairs:  eliminating medication errors through point-of-care devices.  2000.  Annual HIMSS Conference, Dallas, TX.  

Presented five year experience with bar code medication administration system.  Concluded that no medication errors occurred when the system is used properly and improved the rate of error avoidance by 64.5%.

May EL. The case for bar coding: better information, better care--and better business. Healthc Exec. 2003 Sep-Oct;18(5):8-13.

Bar coding, pervasive in almost all other industries, has been slow to infiltrate the healthcare setting. for years, disparate systems, a lack of standardization, and an absence of significant market incentives have hindered healthcare providers, IT vendors, and drug manufacturers alike in adopting bar coding technology. But thanks to a proposed FDA rule issued last Spring, bar coding is is edging its way to the top of many IT priority lists. By mid-2004, the final rule should be passed, which will require all drugmakers to bar code prescription drug products at the unit dose level. The bar code will identify the drug, manufacture, strength of the medication, and dosage.

McDonald, CJ.  Computerization Can Create Safety Hazards: A Bar-Coding Near Miss. The Annual of Internal Medicine. 4 April 2006; 144(7): 510-516 
Increasing numbers of hospitals are implementing bar-coding systems to prevent errors in patient identification. In the present case, a diabetic patient admitted to a teaching hospital was mistakenly given the bar-coded identification wristband of another patient who was admitted at the same time. When a laboratory result that documented the diabetic patient's severe hyperglycemia was entered into the other patient's electronic medical record, the latter patient seemed to have a very high glucose level and was almost given what could have been a fatal dose of insulin. This near miss shows that computer systems, although having the potential to improve safety, may create new kinds of errors if not accompanied by well-designed, well-implemented cross-check processes and a culture of safety. Moreover, computer systems may have the pernicious effect of weakening human vigilance, removing an important safety protection. Researchers should continue to study real-world implementation of computerized systems to understand their benefits and potential harms, and administrators and providers should seek ways to anticipate these harms and mitigate them.
McRoberts S. The use of bar code technology in medication administration.

Clin Nurse Spec. 2005 Mar-Apr;19(2):55-6. 
Meyer GE, Brandell R, Smith JE, Milewski FJ Jr, Brucker P Jr, Coniglio M. Use of bar codes in inpatient drug distribution. Am J Hosp Pharm. 1991 May;48(5):953-66.

The development and operation of a prototype inpatient drug distribution system that uses bar codes is described, and the impact of bar coding on the cassette-filling and verification process is summarized. A prototype pharmacy dispensing site was created to function in parallel with an existing satellite dispensing site that served 78 general medical-care beds. Supplemental labels encoded with an 11-digit unique product identification number, a 5-digit expiration date, and a 6-character lot number were generated and affixed to all unit dose packages dispensed from the prototype pharmacy site. The unit doses were labeled with Code 49 symbology; each label measured 0.8 x 1.25 inches. Each patient cassette was labeled using Code 39 symbology. A cost-benefit model was developed, and the two dispensing systems were compared with respect to (1) time to fill patient cassettes, (2) time to verify patient cassettes, (3) time to process patient charges and credits, (4) time to correct dispensing errors, (5) accuracy of the cassette-filling process, and (6) accuracy of the cassette verification process. Bar-code dispensing and verification saved 1.52 seconds per dose. Additionally, the cassette verification function was shifted from pharmacists to technicians. Estimated per-dose cost of the bar-code system was 2.73 cents. A measurable improvement in the accuracy of filling patient cassettes was documented. The feasibility of using bar codes in unit dose dispensing was demonstrated, and the prototype system was shown to produce cost efficiencies and patient-care benefits.

National Coordinating Council for Medication Error Reporting Programs (NCC-MERP)-Recommendations to reduce errors related to administration of drugs. Rockville, MD: National Coordinating Council for Medication Error Reporting Programs; 1999.
Neuenschwander M, Cohen MR, Vaida AJ, Patchett JA, Kelly J, Trohimovich B. Practical guide to bar coding for patient medication safety. Am J Health Syst Pharm. 2003 Aug 1;60(15):1593-4. 

Bar coding for the medication administration step of the drug-use process is discussed. FDA will propose a rule in 2003 that would require bar-code labels on all human drugs and biologicals. Even with an FDA mandate, manufacturer procrastination and possible shifts in product availability are likely to slow progress. Such delays should not preclude health systems from adopting bar-code-enabled point-of-care (BPOC) systems to achieve gains in patient safety. Bar-code technology is a replacement for traditional keyboard data entry. The elements of bar coding are content, which determines the meaning; data format, which refers to the embedded data and symbology, which describes the "font" in which the machine-readable code is written. For a BPOC system to deliver an acceptable level of patient protection, the hospital must first establish reliable processes for a patient identification band, caregiver badge, and medication bar coding. Medications can have either drug-specific or patient-specific bar codes. Both varieties result in the desired code that supports patient's five rights of drug administration. When medications are not available from the manufacturer in immediate-container bar-coded packaging, other means of applying the bar code must be devised, including the use of repackaging equipment, overwrapping, manual bar coding, and outsourcing. Virtually all medications should be bar coded, the bar code on the label should be easily readable, and appropriate policies, procedures, and checks should be in place. Bar coding has the potential to be not only cost-effective but to produce a return on investment. By bar coding patient identification tags, caregiver badges, and immediate-container medications, health systems can substantially increase patient safety during medication administration.

Neuenschwander. CPOE, bedside technology, and patient safety: a roundtable discussion. Am. J. Health Syst. Pharm., Jun 2003; 60: 1219 - 1228.

Newell LM, Christensen D. Who's counting now? ROI for patient safety IT initiatives. J Healthc Inf Manag. 2003 Fall;17(4):29-35. 

The impact and expectation of cost-justifying patient safety IT initiatives using a traditional ROI must evolve to focus beyond the financial benefit. It must encompass overall patient safety, patient satisfaction, and employee and physician satisfaction benefit categories. Computerized physician order entry (CPOE) and bar code medication administration (BCMA) systems are two particular clinical point-of-care products that will play a key role in addressing patient safety objectives. Integrating the two technologies can bring both financial and clinical benefits.
Nold EG, Williams TC. Barcodes and their potential applications in hospital pharmacy. Am J Hosp Pharm. 1985; 42:2722–32
The technology and terminology of bar codes, the Health Industry Bar Code (HIBC) Standard, issues facing the pharmaceutical industry with respect to bar codes, and potential applications of bar codes in hospital pharmacy are reviewed. Bar codes consist of a series of parallel alternating dark lines and empty spaces. Commonly used bar codes include UPC (Universal Product Code), Interleaved 2 of 5, Codabar, Code 93, Code 128, and Code 39. There are several different types of scanners that may be used for scanning bar codes. Some of the variable features are portability, contact and noncontact, autodiscrimination, and the presence of numeric keypads. The HIBC Council (HIBCC) is a steering committee charged with developing bar-code standards for health care, assigning identification numbers to manufacturers, and providing information to interested individuals. The HIBCC Board includes representatives from health-care providers, equipment manufacturers, drug manufacturers, and wholesalers. Drug manufacturers are concerned about several issues with regard to bar codes; for example, who will pay for the cost of implementation, on what level of packaging will the bar codes be required, and are there legal implications if a poor scan results in patient harm? Bar codes have already been applied in some hospitals for coding blood containers, roentgenogram jackets, medical records, and capital equipment. The potential applications in hospital pharmacy include inventory control, verifying the accuracy of dispensing to both inpatients and outpatients, and record keeping for drug product expiration or disposal. Bar codes also offer pharmacists the ability to perform in-process dispensing controls that are not practical to perform manually. Bar-code technology offers health-care personnel the opportunity to improve work efficiency and increase the accuracy of data entry into automated systems.

Oren E, Shaffer ER, and Guglielmo BJ. Impact of emerging technologies on medication errors and adverse drug events. Am. J. Health Syst. Pharm., Jul 2003; 60: 1447 - 1458.
Published evidence on the effects of computerized physician order entry (CPOE), automated dispensing machines (ADMs), bar coding, and computerized medication administration records (CMARs) on medication errors and adverse drug events (ADEs) were reviewed. Emerging technologies have been recommended as potential mechanisms for reducing medication errors. Critical evaluations of the impact of these new technologies on medication errors and other adverse outcomes are lacking. PubMed was searched to identify all peer-reviewed publications linking four technologies (CPOE, ADMs, bar coding, and CMARs) with reductions in medication errors and ADEs and secondary endpoints. All controlled studies that assessed the impact of the technologies were evaluated. The appropriateness of the use of these technologies was also examined. Few studies were identified that evaluated the technologies' impact on these endpoints. Of the evaluated technologies, CPOE was the most studied; however, investigations were limited to selected medical centers. The appropriateness of use of the technologies was evaluated even more infrequently. A literature review revealed a paucity of controlled, generalizable studies confirming the benefits of technologies intended to reduce medication errors and ADEs. Very little evidence on the appropriateness of the use of these technologies was found.

Patterson ES, Cook RI, Render ML. Improving patient safety by identifying side effects from introducing bar coding in medication administration. J Am Med Inform Assoc. 2002 Sep-Oct;9(5):540-53.  

OBJECTIVE: In addition to providing new capabilities, the introduction of technology in complex, sociotechnical systems, such as health care and aviation, can have unanticipated side effects on technical, social, and organizational dimensions. To identify potential accidents in the making, the authors looked for side effects from a natural experiment, the implementation of bar code medication administration (BCMA), a technology designed to reduce adverse drug events (ADEs). 

DESIGN: Cross-sectional observational study of medication passes before (21 hours of observation of 7 nurses at 1 hospital) and after (60 hours of observation of 26 nurses at 3 hospitals) BCMA implementation. 

MEASUREMENTS: Detailed, handwritten field notes of targeted ethnographic observations of in situ nurse-BCMA interactions were iteratively analyzed using process tracing and five conceptual frameworks. 

RESULTS: Ethnographic observations distilled into 67 nurse-BCMA interactions were classified into 12 categories. We identified five negative side effects after BCMA implementation: (1) nurses confused by automated removal of medications by BCMA, (2) degraded coordination between nurses and physicians, (3) nurses dropping activities to reduce workload during busy periods, (4) increased prioritization of monitored activities during goal conflicts, and (5) decreased ability to deviate from routine sequences. 

CONCLUSION: These side effects might create new paths to ADEs. We recommend design revisions, modification of organizational policies, and "best practices" training that could potentially minimize or eliminate these side effects before they contribute to adverse outcomes.

Patterson ES, Rogers ML, Render ML. Fifteen best practice recommendations for bar-code medication administration in the Veterans Health Administration. Jt Comm J Qual Saf. 2004 Jul;30(7):355-65. 

BACKGROUND: Since 2000, the Veterans Health Administration (VHA) has pioneered the development and deployment of a bar-code medication administration (BCMA) system. Based on VHA experience, 15 "best practices" for BCMA implementation, integration, and maintenance are recommended. 

METHODS: Data were collected on potential barriers to the effectiveness of BCMA to improve patient safety by direct observation of medication administration, simulated BCMA use in a laboratory setting, a survey of nursing informatics specialists regarding policies and procedures, and 30 unstructured interviews with diverse stakeholders. RECOMMENDATIONS: Fifteen practices were proposed, categorized by implementation and continuous improvement, training, troubleshooting, contingency planning, equipment maintenance, medication administration, and maintenance of paper patient wristbands. For example, Recommendation 15 ("Periodic replacement of wristbands") advises weekly bar-coded wristband replacement in long term care settings to improve the scanning reliability. 

DISCUSSION: Lessons learned about best practices to address challenges may offer insight to others considering implementation of bar-code technology.

Perrin RA, Simpson N. RFID and bar codes--critical importance in enhancing safe patient care. J Healthc Inf Manag. 2004 Fall;18(4):33-9.

Medication administration recording and supply management are complex and interrelated processes. The integration of bar codes and radio frequency identification tags are viewed as critical in achieving effective and safe patient care. However, these systems are complex; all parts need to be aligned, and the systems must work together to produce the desired outcomes. In healthcare, automation using bar coding and RFID capabilities is of growing importance because of the Institutes of Medicine study and the integrated electronic medical record. Healthcare systems today are increasingly complex, and while bar codes and RFID technologies provide opportunities for enhanced patient care, systems using these capabilities must be carefully planned to achieve optimal outcomes.

Perini VJ and Vermeulen LC, Jr. Comparison of automated medication-management systems. Am. J. Health Syst. Pharm., Aug 1994; 51: 1883 - 1891.

Phillips MT, Berner ES. Beating the system--pitfalls of bar code medication administration. J Healthc Inf Manag. 2004 Fall;18(4):16-8.

Beating the system to maximize efficiency will yield no positive return on a bar code investment, in terms of reducing medical errors. The critical success factor in the bar coding scenario is that of operational effectiveness. By shifting the nurses' focus from that of efficiency to that of operational effectiveness, the use of bar coding medication technology will reduce medication errors. CIOs looking for a quick fix to reducing medication errors through the use of bar coding technology need to understand that the technology alone won't solve their problem. Rather, it's the balance between operational efficiency and effectiveness among multiple departments working together, both vertically and horizontally, which will yield the greatest ROI.

Puckett F. Medication-management component of a point-of-care information system. Am J Health Syst Pharm. 1995 Jun 15;52(12):1305-9. 

Compared medication error rate, quality of medication records, scheduling of medications, accuracy of communication between nursing and pharmacy staff, efficiency of drug monitoring, and accuracy and timeliness of drug billing before and after implementation of point-of-care barcoding system at a 326-bed hospital in northern Colorado.  Concluded that the clinical information system using point-of-care barcoding, lowered medication error rate by 71% (33% decrease in wrong-drug errors, 43% decrease in wrong-time errors, 53% decrease in omitted-dose errors, and 47% decrease in transcription/order-entry errors), improved legibility of records, improved scheduling of medications, improved communication between nurses and pharmacists, and improved the accuracy and timeliness of billing.

Ragan R, Bond J, Major K, Kingsford T, Eidem L, and Garrelts JC. Improved control of medication use with an integrated bar-code-packaging and distribution system. Am. J. Health Syst. Pharm., May 2005; 62: 1075 - 1079.

Schneider Pj. Using technology to enhance measurement of drug-use safety. Am. J. Health Syst. Pharm., Dec 2002; 59: 2330 - 2332.

Sakowski J, Leonard T, Colburn S, Michaelsen B, Schiro T, Schneider J, Newman JM. Using a bar-coded medication administration system to prevent medication errors in a community hospital network.

Am J Health Syst Pharm. 2005 Dec 15;62(24):2619-25 
Research Objective: Health information technologies are being explored as tools to reduce medical errors and increase patient safety. One of these technologies is an electronic point of care medication administration system that utilizes bar codes to electronically track medications being administered. If the drug, dosage, or timing of the medication being administered does not coincide with that has been ordered for a patient, the system provides a warning message to nurse or other health care practitioner attempting to administer the drug. The purpose of this study is to examine 

the effectiveness a bar code point of care system (BPOC) in reducing medication administration errors and to assess the burden it places on users. 

Study Design: This is a descriptive study examining the warnings generated by a BPOC system implemented in a community hospital and the user responses those warnings. Errors prevented were defined as drug administrations that were discontinued as a result of a system-generated warning. BPOC system output data was collected through retrospective audits of the warning and error logs. Supplemental drug order and administration information was gathered through chart reviews. 

Population Studied: Attempted medication administrations for adult patients admitted to a general medical/surgical unit at a community hospital. 

Principal Findings: In a sample of over 26,000 medication administrations, 13,000 warnings were generated by the BPOC system, including multiple warnings for some individual administrations. We identified 300 possible medication errors that were prevented by the BPOC system. Preliminary reviews indicate that a small percentage of the errors prevented potentially would have been clinically significant. The most common types of medication administration errors prevented with this BPOC system found in our sample were dose early errors (45%), no order in the system (33%), and order discontinued or expired (19%). 

Conclusions: Our findings are consistent with the limited existing literature that indicates that BPOC systems are useful in preventing medication administration errors. However, the frequency of warnings that need to be assessed and require a response places a burden on users. 

Implications for Policy, Delivery or Practice: BPOC and other health information technologies are being proposed to help reduce preventable medical errors, but there is little empirical evidence on the true impact of these technologies in actual practice. Extrapolating the medication errors prevented experience in our sample to the volume of inpatient medication administrations nationwide suggests the potential for substantial clinical benefits from BPOC. Evidence on the effectiveness of these technologies will aid future adoption decisions and help guide development of the next generation of patient safety enhancing technologies. We recommend that provider organizations considering early adoption of BPOC systems take into account the need for continual refinement and optimization of these systems and dedicate the resources necessary to undertake these developmental activities. 

Smith JE and Meyer GE. Organizational approach to implementing bar-code technology in a university hospital. Am. J. Health Syst. Pharm., Mar 1987; 44: 572 - 573.

Vaida A, Kercher L. Practical tools for medication safety in acute care. J Am Pharm Assoc (Wash DC). 2003 Sep-Oct;43(5 Suppl 1):S48-9. 

Identifying goals in the areas of institutional culture, infrastructure, clinical practice, and technology in hospitals minimizes the risk of medication errors among inpatients. As part of the Pathways for Medication Safety project, a model strategic plan provides seven goals for hospitals to consider in their medication safety efforts. A view of risk assessment from individual health care practitioners can aid a team effort to decease medication errors. Preparing for point-of-care bar-coding for medications will help easy implementation of this new technology. Pathways for Medication Safety provides a toolbox with useful methods and techniques for acute care settings.
Barry GA, Bass GE, Eddlemon JK et al. Bar-code technology for documenting administration of large-volume intravenous solutions. Am J Hosp Pharm. 1989; 46:282–7

The failure to properly document dispensing, administration, charging, and crediting of large-volume plain i.v. solutions in a hospital, along with the potential for using bar-code technology to reduce documentation discrepancies, was investigated. Portable bar-code scanners and preprinted bar-code labels were employed to identify large-volume plain i.v. solutions administered on two selected nursing units of a 1000-bed, private, not-for-profit hospital. Inservice training sessions were conducted to instruct hospital personnel in the use of the scanning equipment. Comparisons of patient statements and medication administration records for large-volume plain i.v. solutions established the level of documentation errors in the study hospital. The causes of these errors were traced to three primary sources: (1) failure to document administration of a solution to a patient (38%), (2) failure to credit patients for i.v. solutions returned to the pharmacy (37%), and (3) administration of a solution to a patient other than the patient for whom the solution was dispensed (25%). Accountability for large-volume plain i.v. solution charges to patients was improved by 19% using bar-code technology. The pharmacy manager desiring to employ bar-code technology should determine convenient methods for applying bar-code labels to solutions and for scanning the bar codes, as well as provide programming that can compensate for erroneous scans.
Barcode point-of-care Transfusion / Specimen verification
Dunn EJ, Moga PJ. Patient misidentification in laboratory medicine: a qualitative analysis of 227 root cause analysis reports in the VHA. Arch Pathol Lab Med. 2010 Feb;134(2):244-55.
CONTEXT: Mislabeled laboratory specimens are a common source of harm to patients, such as repeat phlebotomy; repeat diagnostic procedure, including tissue biopsy; delay in a necessary surgical procedure; and the execution of an unnecessary surgical procedure. Mislabeling has been estimated to occur at a rate of 0.1% of all laboratory and anatomic pathology specimens submitted. 
OBJECTIVE: To identify system vulnerabilities in specimen collection, processing, analysis, and reporting associated with patient misidentification involving the clinical laboratory, anatomic pathology, and blood transfusion services. 
DESIGN: A qualitative analysis was performed on 227 root cause analysis reports from the Veterans Health Administration. Content analysis of case reports from March 9, 2000, to March 1, 2008, was facilitated by a Natural Language Processing program. Data were categorized by the 3 stages of the laboratory test cycle. 
CONCLUSIONS: Patient misidentification in the clinical laboratory, anatomic pathology, and blood transfusion processes were due to a limited set of causal factors in all 3 phases of the test cycle. A focus on these factors will inform systemic mitigation and prevention strategies.

Dzik WH. “New technology for transfusion safety.” British Journal of Haemotology: January 2007. 136(2):181-90.

Hemovigilance programs from around the world document that the greatest risk to recipients of blood transfusion is human error, resulting in transfusion of the incorrect blood component. Errors in transfusion care have strong parallels with errors in medication administration. Errors often result from 'lapse' or 'slip' mistakes in which details of patient identification are overlooked.
Francis DL, Prabhakar S, Sanderson SO. A quality initiative to decrease pathology specimen-labeling errors using radiofrequency identification. Am J Gastroenterol. 2009 Apr;104(4):972-5. 
A quality initiative to decrease pathology specimen-labeling errors using radiofrequency identification in a high-volume endoscopy center.

OBJECTIVES: Our institution has had problems with mislabeling of tissue specimens in our gastrointestinal and colorectal surgery endoscopy units. Most labeling errors have been due to either the wrong patient label or no label being affixed to a specimen bottle. As a result, an initiative was created to reduce the number of specimen-labeling errors. This initiative involved the application of radiofrequency identification (RFID) technology to specimen bottles, moving to a paperless pathology requisition system and confirmation of the correct site and correct patient by both the endoscopy nursing staff and the endoscopist for each specimen bottle. 

CONCLUSIONS: These data confirm that the initiation of a new specimen-labeling system that uses RFID technology, a paperless requisition process, and confirmation of the correct site and correct patient by two health-care providers significantly decreased specimen-labeling errors at every level in a high-volume endoscopy center.
Pagliaro P, Rebulla P. “Transfusion recipient identification.” Vox Sang: August 2006. 91(2):97-101.

Recent reports from different haemovigilance systems indicate that errors in the whole-blood transfusion chain - from initial recipient identification to final blood administration - occur with a frequency of approximately 1 in 1000 events. Although mistakes occur also within the blood transfusion service, about two-thirds of errors are associated with incorrect blood recipient identification at the patient's bedside. To prevent the potentially fatal consequences of such mistakes, specific tools have been developed, including patient identification bracelets with barcodes and/or radio frequency identification devices, mechanical or electronic locks preventing access to bags assigned to other patients, and palm computers suitable for transferring blood request and administration data from the patient's bedside to the blood transfusion service information system in real time. The effectiveness of these systems in preventing mistransfusion has been demonstrated in a number of studies.
Santell, John P. “ERROR WATCH: Avoid med errors in radiology.” U.S. Pharmacopeia. June 1, 2006. <http://www.usp.org/pdf/EN/patientSafety/errorWatch2006-06-01.pdf>

From 2000 through 2004, the USP's MEDMARX program received 2,032 reports of med errors occurring in a radiology or nuclear medicine department or cardiac cath lab. About 81% of them reached the patient, and 12% caused harm.

Short, Robert. “Poor Checks for Bedside Blood Transfusion Put Patients at Risk.” British Medical Journal: May 2006. Issue 332, Volume 1171.

< http://www.bmj.com/cgi/content/extract/332/7551/1171-a>

Patients having blood transfusion at the bedside continue to be put at risk of getting the wrong blood or of delayed management of adverse reactions, through misidentification and lack of observation. These were the conclusions from an audit of 8054 transfusion episodes from 217 UK hospitals, carried out by the Royal College of Physicians and the National Blood Service.
Quillen, Karen and Kate Murphy. “Quality Improvement to Decrease Specimen Mislabeling in Transfusion Medicine.” Archives of Pathology and Laboratory Medicine. 2006. 130: 1196-198. 

The authors collected data on specimen mislabeling and implemented an intervention to provide timely feedback to emergency department staff, after which major mislabeling decreased from 47% to 14%.
Valenstein, Paul N., Raab, Stephen S., Walsh, Molly K. “Patient and Specimen Identification Errors at 120 Institutions.” Archives of Pathology and Laboratory Medicine. 2006;130: 1106-1113.

The objective of this study was to determine (1) the frequency of identification errors detected before and after result verification, (2) the frequency of adverse patient events due to specimen misidentification, and (3) factors associated with lower error rates and better detection of errors.

Bologna LJ, Mutter M. Life after phlebotomy deployment: reducing major patient and specimen identification errors. J Healthc Inf Manag. 2002 Winter;16(1):65-70. 

In addition to establishing a non-punitive environment for reporting errors, and analyzing the root causes of errors, The Valley Hospital volunteered to be a beta test site for a barcode specimen management technology. As a result of implementing this positive patient and specimen identification system, the hospital has reduced its patient and specimen misidentification errors by 77 percent in the last year.

Linden JV, Wagner K, Voytovich AE, Sheehan J. Transfusion errors in New York State: an analysis of 10 years' experience. Transfusion. 2000 Oct;40(10):1207-13. 

BACKGROUND: While public focus is on the risk of infectious disease from the blood supply, transfusion errors also contribute significantly to adverse outcomes. This study characterizes such errors. 

STUDY DESIGN AND METHODS: The New York State Department of Health mandates the reporting of transfusion errors by the approximately 256 transfusion services licensed to operate in the state. Each incident from 1990 through 1998 that resulted in administration of blood to other than the intended patient or the issuance of blood of incorrect ABO or Rh group for transfusion was analyzed. 

RESULTS: Erroneous administration was observed for 1 of 19, 000 RBC units administered. Half of these events occurred outside the blood bank (administration to the wrong recipient, 38%; phlebotomy errors, 13%). Isolated blood bank errors, including testing of the wrong specimen, transcription errors, and issuance of the wrong unit, were responsible for 29 percent of events. Many events (15%) involved multiple errors; the most common was failure to detect at the bedside that an incorrect unit had been issued. 

CONCLUSION: Transfusion error continues to be a significant risk. Most errors result from human actions and thus may be preventable. The majority of events occur outside the blood bank, which suggests that hospital-wide efforts at prevention may be required. 

Lippi G, Blanckaert N, Bonini P, Green S, Kitchen S, Palicka V, Vassault AJ, Mattiuzzi C, Plebani M. Causes, consequences, detection, and prevention of identification errors in laboratory diagnostics. Clin Chem Lab Med. 2009;47(2):143-53.
Laboratory diagnostics, a pivotal part of clinical decision making, is no safer than other areas of healthcare, with most errors occurring in the manually intensive preanalytical process. Patient misidentification errors are potentially associated with the worst clinical outcome due to the potential for misdiagnosis and inappropriate therapy. While it is misleadingly assumed that identification errors occur at a low frequency in clinical laboratories, misidentification of general laboratory specimens is around 1% and can produce serious harm to patients, when not promptly detected. This article focuses on this challenging issue, providing an overview on the prevalence and leading causes of identification errors, analyzing the potential adverse consequences, and providing tentative guidelines for detection and prevention based on direct-positive identification, the use of information technology for data entry, automated systems for patient identification and specimen labeling, two or more identifiers during sample collection and delta check technology to identify significant variance of results from historical values. Once misidentification is detected, rejection and recollection is the most suitable approach to manage the specimen.
Marconi M, Langeberg AF, Sirchia G, Sandler SG. Improving transfusion safety by electronic identification of patients, blood samples, and blood units. Immunohematol. 2000 Jun;16(2):82-5. 

To evaluate the feasibility of using an electronic identification system to improve safety and documentation of blood transfusions, a handheld bar code scanner and data terminal, portable label printer, and related software were integrated into all phases of the blood transfusion process, including sample collection, laboratory testing, and administration of blood components. The study was conducted in two hospitals, one in Italy and the other in the United States. Each hospital used different laboratory analysers and information systems. A total of 621 blood components were transfused to 177 patients using 331 blood samples with 100 percent accuracy and electronic documentation of all pertinent patient, staff, sample, testing, and component information. Bar code reading and related electronic technology can be adapted to improve transfusion safety and reduce the risk of human errors at all steps of the blood transfusion process. 

Murphy MF, Kay JD. Barcode identification for transfusion safety. Curr Opin Hematol. 2004  Sep;11(5):334-8.  
PURPOSE OF REVIEW: Errors related to blood transfusion in hospitals may produce catastrophic consequences. This review addresses potential solutions to prevent patient misidentification including the use of new technology, such as barcoding. 

RECENT FINDINGS: A small number of studies using new technology for the transfusion process in hospitals have shown promising results in preventing errors. The studies demonstrated improved transfusion safety and staff preference for new technology such as bedside handheld scanners to carry out pretransfusion bedside checking. They also highlighted the need for considerable efforts in the training of staff in the new procedures before their successful implementation. 

SUMMARY: Improvements in hospital transfusion safety are a top priority for transfusion medicine, and will depend on a combined approach including a better understanding of the causes of errors, a reduction in the complexity of routine procedures taking advantage of new technology, improved staff training, and regular monitoring of practice. The use of new technology to improve the safety of transfusion is very promising. Further development of the systems is needed to enable staff to carry out bedside transfusion procedures quickly and accurately, and to increase their functionality to justify the cost of their wider implementation.

Nichols JH, Bartholomew C, Brunton M, Cintron C, Elliott S, McGirr J, Morsi D, Scott S, Seipel J, Sinha D. Reducing medical errors through barcoding at the point of care. Clin Leadersh Manag Rev. 2004 Nov-Dec;18(6):328-34. 

Medical errors are a major concern in health care today. Errors in point-of-care testing (POCT) are particularly problematic because the test is conducted by clinical operators at the site of patient care and immediate medical action is taken on the results prior to review by the laboratory. The Performance Improvement Program at Baystate Health System, Springfield, Massachusetts, noted a number of identification errors occurring with glucose and blood gas POCT devices. Incorrect patient account numbers that were attached to POCT results prevented the results from being transmitted to the patient's medical record and appropriately billed. In the worst case, they could lead to results being transferred to the wrong patient's chart and inappropriate medical treatment. Our first action was to lock-out operators who repeatedly made identification errors (3-Strike Rule), requiring operators to be counseled and retrained after their third error. The 3-Strike Rule significantly decreased our glucose meter errors (p = 0.014) but did not have an impact on the rate of our blood gas errors (p = 0.378). Neither device approached our ultimate goal of zero tolerance. A Failure Mode and Effects Analysis (FMEA) was conducted to determine the various processes that could lead to an identification error. A primary source of system failure was the manual entry of 14 digits for each test, five numbers for operator and nine numbers for patient account identification. Patient barcoding was implemented to automate the data entry process, and after an initial familiarization period, resulted in significant improvements in error rates for both the glucose (p = 0.0007) and blood gas devices (p = 0.048). Despite the improvements, error rates with barcoding still did not achieve zero errors. Operators continued to utilize manual data entry when the barcode scan was unsuccessful or unavailable, and some patients were found to have incorrect patient account numbers due to hospital transfer, multiple wristbands on a single patient, and selection of expired account numbers from previous hospitalizations when printing the barcoded wristbands. Barcoding can thus improve the incidence of identification errors, but hospitals need to take additional steps to ensure successful barcode scanning and to verify that patient wristbands contain correct information. Implementation of patient barcoding was successful in significantly reducing identification errors with POCT, improving patient care, and enhancing interdisciplinary communication.

Plebani M, Carraro P. Mistakes in a stat laboratory: types and frequency. Clin Chem. 1997  Aug;43(8 Pt 1):1348-51. 
Application of Total Quality Management concepts to laboratory testing requires that the total process, including preanalytical and postanalytical phases, be managed so as to reduce or, ideally, eliminate all defects within the process itself. Indeed a "mistake" can be defined as any defect during the entire testing process, from ordering tests to reporting results. We evaluated the frequency and types of mistakes found in the "stat" section of the Department of Laboratory Medicine of the University-Hospital of Padova by monitoring four different departments (internal medicine, nephrology, surgery, and intensive care unit) for 3 months. Among a total of 40490 analyses, we identified 189 laboratory mistakes, a relative frequency of 0.47%. The distribution of mistakes was: preanalytical 68.2%, analytical 13.3%, and postanalytical 18.5%. Most of the laboratory mistakes (74%) did not affect patients' outcome. However, in 37 patients (19%), laboratory mistakes were associated with further inappropriate investigations, thus resulting in an unjustifiable increase in costs. Moreover, in 12 patients (6.4%) laboratory mistakes were associated with inappropriate care or inappropriate modification of therapy. The promotion of quality control and continuous improvement of the total testing process, including pre- and postanalytical phases, seems to be a prerequisite for an effective laboratory service.

Whitsett CF, Robichaux MG. Assessment of blood administration procedures: problems identified by direct observation and administrative incident reporting. Transfusion. 2001 May;41(5):575-6.

BACKGROUND: Adverse events in blood administration frequently involve the identification of transfusion recipients or components. This report details the results of an investigation of the efficacy of direct observation and that of a hospital-wide incident-reporting system in detecting standard operating procedures (SOPs) for deviations in blood administration. 

STUDY DESIGN AND METHODS: A process-driven audit form targeting 19 blood administration steps was developed for direct observation monitoring of blood administration. Over 18 months, 202 transfusions were observed in selected hospital locations. Data from this audit were compared with data collected from the incident reporting system. 

RESULTS: Through direct observation, 334 events were identified for a rate of 1.65 SOP deviations per transfusion. The incident reporting system identified 52 adverse events. Deviations were categorized as being related to the patient or component information, transfusion, patient monitoring, record documentation, and ordering or delivery of the component. Fifty-five percent of the events detected with direct observation related to identification of the patient or component, compared with 17 percent of incident reports. Using direct observation, 9 percent of transfused patients had wristband identification deviations. Such SOP deviations were not detected with the incident reporting system. Transfusion SOP deviations represented 15 percent of direct observation reports and 38 percent of incident reports. Direct observation identified deviations in monitoring practices and record documentation not detected by incident reporting. 

CONCLUSION: Direct observation appears to be an effective means for identifying deviations related to patient identification, patient monitoring, and record documentation.

MISC.

Longshore L, Smith T, Weist M. Successful implementation of intelligent infusion technology in a multihospital setting: nursing perspective. J Infus Nurs. 2010 Jan-Feb;33(1):38-47.
Complexities of today's medications and greater use of high-risk medications place the patient at an increased risk for nursing errors. The purpose of this case report is to present, from a nursing perspective, the successful experience of a multihospital healthcare system's quest to decrease or eliminate medication administration errors through implementation of intelligent pumps. This case report focuses on the vital role that nursing services played, including the selection of pumps, development of the drug library, education of end users, and strategies employed to achieve a high compliance rate. Also described are the ongoing educational efforts, lessons learned, and specific results in intercepting significant medication administration errors.

Study finds medical mistake deaths on the rise. Columbus Dispatch, August 9, 2009
Preventable mistakes made in medical care are the nation's leading cause of accidental death, a Hearst investigation has documented.
Analysis of key national research shows that the death toll from medical injury, including infections that patients acquire during their treatment, approaches 200,000 a year.

Tietze MF, Williams J, Galimbertti M. Rural hospital information technology implementation for safety and quality improvement: lessons learned. Comput Inform Nurs. 2009 Jul-Aug;27(4):206-14.
This grant involved a hospital collaborative for excellence using information technology over 3-year period. The project activities focused on the improvement of patient care safety and quality in Southern rural and small community hospitals through the use of technology and education. The technology component of the design involved the implementation of a Web-based business analytic tool that allows hospitals to view data, create reports, and analyze their safety and quality data. Through a preimplementation and postimplementation comparative design, the focus of the implementation team was twofold: to recruit participant hospitals and to implement the technology at each of the 66 hospital sites. Rural hospitals were defined as acute care hospitals located in a county with a population of less than 100 000 or a state-administered Critical Access Hospital, making the total study population target 188 hospitals. Lessons learned during the information technology implementation of these hospitals are reflective of the unique culture, financial characteristics, organizational structure, and technology architecture of rural hospitals. Specific steps such as recruitment, information technology assessment, conference calls for project planning, data file extraction and transfer, technology training, use of e-mail, use of telephones, personnel management, and engaging information technology vendors were found to vary greatly among hospitals.

McDowell SE, Ferner HS, Ferner RE. The pathophysiology of medication errors: how and where they arise. Br J Clin Pharmacol. 2009 Jun;67(6):605-13.
1. Errors arise when an action is intended but not performed; errors that arise from poor planning or inadequate knowledge are characterized as mistakes; those that arise from imperfect execution of well-formulated plans are called slips when an erroneous act is committed and lapses when a correct act is omitted. 
2. Some tasks are intrinsically prone to error. Examples are tasks that are unfamiliar to the operator or performed under pressure. Tasks that require the calculation of a dosage or dilution are especially susceptible to error. 
3. The tasks of prescribing, preparation, and administration of medicines are complex, and are carried out within a complex system; errors can occur at each of many steps and the error rate for the overall process is therefore high. 

Brian C. O’Neal, John C. Worden and Rick J. Couldry. Telepharmacy and bar-code technology in an i.v. chemotherapy admixture area. American Journal of Health-System Pharmacy, Vol. 66, Issue 13, 1211-1217
Purpose. A program using telepharmacy and bar-code technology to increase the presence of the pharmacist at a critical risk point during chemotherapy preparation is described.
Summary. Telepharmacy hardware and software were acquired, and an inspection camera was placed in a biological safety cabinet to allow the pharmacy technician to take digital photographs at various stages of the chemotherapy preparation process. Once the pharmacist checks the medication vials’ agreement with the work label, the technician takes the product into the biological safety cabinet, where the appropriate patient is selected from the pending work list, a queue of patient orders sent from the pharmacy information system. The technician then scans the bar code on the vial. Assuming the bar code matches, the technician photographs the work label, vials, diluents and fluids to be used, and the syringe (before injecting the contents into the bag) along with the vial. The pharmacist views all images as a part of the final product-checking process. This process allows the pharmacist to verify that the correct quantity of medication was transferred from the primary source to a secondary container without being physically present at the time of transfer.
Conclusion. Telepharmacy and bar coding provide a means to improve the accuracy of chemotherapy preparation by decreasing the likelihood of using the incorrect product or quantity of drug. The system facilitates the reading of small product labels and removes the need for a pharmacist to handle contaminated syringes and vials when checking the final product. 
Egan, Marle T. and Warren S. Sandberg. Auto Identification Technology and Its Impact on Patient Safety in the Operating Room of the Future. Surgical Innovation. Volume 14 Number 1: March 2007. 41-50.
http://sri.sagepub.com/cgi/reprint/14/1/41
Automatic identification technologies, such as bar coding and radio frequency identification, are ubiquitous in everyday life but virtually nonexistent in the operating room. User expectations, based on everyday experience with automatic identification technologies, have generated much anticipation that these systems will improve readiness, workflow, and safety in the operating room, with minimal training requirements. We report, in narrative form, a multi-year experience with various automatic identification technologies in the Operating Room of the Future Project at Massachusetts General Hospital. In each case, the additional human labor required to make these `labor-saving' technologies function in the medical environment has proved to be their undoing. We conclude that while automatic identification technologies show promise, significant barriers to realizing their potential still exist. Nevertheless, overcoming these obstacles is necessary if the vision of an operating room of the future in which all processes are monitored, controlled, and optimized is to be achieved.

Ulanimo VM, O'Leary-Kelley C, Connolly PM. “Nurses' perceptions of causes of medication errors and barriers to reporting.” Journal of Nursing Care Quality: Jan-Mar 2007. 22(1):28-33.

This study describes nurses' perceptions about medication errors and the effects of physician order entry and barcode medication administration on medication errors. A convenience sample of 61 medical-surgical nurses was surveyed. All nurses surveyed perceived that information technology decreases medication errors. However, medication errors continue to occur despite the availability of sophisticated information technology systems.

Skibinski, Kathleen A., Barbara A. White, Lawrence I-Kuei Lin, Yuping Dong and Wenting Wu. “Effects of technological interventions on the safety of a medication-use system.” American Hournal of Health-System Pharmacy: Volume 64, Issue 1. January 2007: 90-96. 

A study was conducted to assess the effects and outcomes of implementing new technology into the medication-use process. As hypothesized, implementation of new technology into the medication management system standardized the medication administration processes, decreased turnaround time for processing medication orders, and increased accuracy of medication administration to patients.

Santel, John P. “Technological methods used to prevent errors aren’t infallible: Adverse events are often caused by human involvement.” December 19, 2006. 

In this study, the author discusses the role that human error plays in the failure of technological solutions employed to minimize medical mistakes.

Crane J, Crane FG. “Preventing medication errors in hospitals through a systems approach and technological innovation: a prescription for 2010.” Hospital Topics. 2006 Fall; 84(4):3-8.

Cost and benefit analysis reveals that this proposed integrated solution will radically reduce medication errors in hospitals and save the lives of thousands of Americans who frequent such facilities on an annual basis, as well as reduce healthcare costs.
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