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According to the Institute of Medicine (IOM) 1999 report “To Err is Human:  Building a Safer Health System,” at least 44,000 people and as many as 98,000 people die in hospitals each year from medication errors.
 These errors occur not because of “bad people”, but because systems NEED to be made safer.1 The National Coordinating Council for Medication Error Reporting and Prevention (NCC-MERP) defines a medication error as: 

“any preventable event that may cause of lead to inappropriate medication use or patient harm while the medication is control of the health care professional, patient or consumer".  Such events may be related to professional practice, health care products, procedures and systems, including prescribing; order communication; product labeling, packaging, and nomenclature; compounding; dispensing; distribution; administration; education; monitoring; and use.”
  

Adverse drug events (ADEs) encompass all nonpreventable and preventable injuries associated with drug use that include both medication errors and adverse drug reactions
  The most serious of medication errors involve “high risk medications” and often occur in critical care units, the operating room and emergency departments.1 The rate of preventable and potential ADEs has been shown to be twice as high in the ICU then non-ICU settings.
 Experts agree that most medication events with IV therapy result from inadvertent incorrect programming of infusion devices, but deliberate practice violations also account for a large proportion of IV medication errors. In an ethnographic study involving observations of 447 IV drug administrations, the most common practice violation was the deliberate breach of established guidelines for injecting bolus medications.
 Therefore, better surveillance and safeguards to prevent programming errors and practice violations at the bedside are paramount to reducing these errors.  
Leape et al. examined the root causes of 334 mediation errors and found that 78% resulted from systems errors that could have been prevented with better information systems in place.
 Creating safe medication administration requires a multifaceted approach that includes the synergy of technology and human effort. Computer-based technology systems in pharmacies track patient drug profiles and disease states, which signal alerts with drug interactions and warnings with high-alert medications. Computerized order entry applications identify incorrect, unclear or inappropriate medication orders. Bates et al. studied the impact of Prescriber Order Entry (POE) and found that ADEs or potential ADEs occurred most frequently with ordering, 56%, and 34% with administration.
 While nurses and pharmacist intercepted ordering errors, 0% was intercepted at the time of administration. Some hospitals have instituted a double check system by a second nurse to verify programming information of infusion devices for high-alert medications, but the Institutes for Safe Medication Practices (ISMP) found that this is rarely consistently practiced.
 
Challenges and Research Needs for Medication Safety Technology

It is estimated that as much as 60% of drug-related morbidity and mortality are preventable
, yet a paucity of research exists on how medication mishaps contribute to the course of hospitalization. For a number of reasons, outcomes researchers and health service researchers face several challenges in capturing the impact of medication error prevention technology on patient outcomes and quality of care. First, data retrieval and interpretation are hampered by the lack of homogenous data sources and the preponderance of duplicative or proprietary systems to systematically evaluate medication practices and patient outcomes. Second, the enormous demands of clinical care limit the amount of information that can be documented in routine clinical practice. Consequently, it is necessary to rely on data retrieval from multiple electronic databases. Third, interfaces between computerized POE and programmable medication infusion devices have yet to be developed. As a result, the linkage of data elements is fragmented, often incomplete and sometimes difficult. Advances in medication safety technology have introduced better controls for error prevention such as dose error reduction systems (DERS) and have generated important data surrounding IV medication administration practices. “Smart pump” medication infusion devices offer unique safety features to intercept medication errors at the point of care -- the bedside. The Medley pump (Alaris Medley Medication Safety System) employs clinical decision support through DERS (e.g., Guardrail( and programming alerts) via modular-integrated point of care units. A wireless surveillance tracking system records programming alerts that expose time relational data about IV drug use.   
Recent data show no measurable effect of “smart pump” technology on serious IV medication error reduction
; however, further work is needed to validate medication error prevention practices and the impact of innovations in drug delivery on the quality of patient recovery and measures of institutional efficiency such as length of hospital stay (LOS), complications and cost of health care.
 Emerging research has linked cardio-pulmonary arrest or other serious life-threatening sequellae to ADEs that are avoidable with well-designed medication safety programs. A study reported in JAMA showed that of 28 cases evaluated over a one-year period, believed to be associated with iatrogenic causes, 44% were attributed to avertable medication errors and toxic effects.
 LOS and hospital costs can be negatively affected by adverse medication events or medication errors. ADEs have been estimated to cost about $5.6 million dollars annually with some $2.8 million preventable.
 Despite the extremely high costs associated with these events, there are limited data to show the specific effects on LOS. At Ohio State University Medical Center, investigators estimated that the mean costs to their institution ranged from $95 for additional laboratory tests to $2,640 +/- $596 for intensive monitoring per event.
  The next most costly outcome was increased LOS. In a case controlled study where a sample of hospitalized patients with ADEs was matched on similar variables affecting outcomes, the average LOS associated with ADEs was significantly higher (1.91 days) and hospital costs greater (excess of $2262) for patients with ADEs.
 More importantly, ADEs were attributed to a 2-fold increase in risk of death. An evaluation of preventable ADEs among the elderly revealed that those who experienced an ADE during hospitalization had a significant increase in LOS than those who did not.
 During our 6-month hospital-wide experience with Medley devices, we observed a 6-fold decrease in potential medication events or Guardrail( alerts, interesting trends in LOS for ICU patients (>3500 cases), and a significant downward trend (Chi-Square, P<0.05) in emergency responses in our intermediate MICU. This effort required considerable data integration from over 5 established databases, most of which were not readily accessible to investigators. Access to aggregate timely data does explicate numerous practice patterns that provide the rationale for revising “rule sets” for acceptable drug dosing parameters, which align medication administration with evidence-based guidelines. However, a data repository for patient-specific information is desperately needed to chart the course and relationship of medication safety guards to patient recovery. Data integration through wireless system download mechanisms and open connectivity would augment efforts to retrieve meaningful timely clinical information.    

Given the compelling need to study medication error prevention, few investigations focus on multivariable analysis to measure the interaction of both patient- and practitioner-related factors in predicting medication event risk. The NCC-MERP has outlined a 12-step approach to preventing and reporting medication errors that recommends that data be collected on actual and potential errors of administration for the purpose of continuous quality improvement.2 A major limitation of “smart pump” technology data repositories is the inability to connect IV drug administration events with other data sets, to elucidate circumstances surrounding programming errors, and to identify practitioner-related factors that contribute to medication dosing errors. System features that permit data entry of pertinent patient and practitioner information and interfaces with other data sources would significantly improve research into “root cause” and failure mode analyses. Software capabilities must be expanded to include capacity for patient information so that it is possible to justify programming overrides of drug dosing limits in order to validate the appropriateness of exceeding acceptable dosing parameters. 
Road Map for the Future 

A recent report in the Joint Commission Journal for Quality Safety outlines the “5 rights” of safe medication delivery and emphasizes how critical it is to select the “right technology” to address the error-prone steps in any medication safety program.
 The introduction of “smart pump” technology provides additional failsafe assurance in preventing medication errors by pre-programming safety margins built on drugs libraries for selected medications, more importantly, high-alert drugs. This technological advancement supports a comprehensive Clinical Effectiveness Quality Improvement (CEQI) Program that creates a data repository for tracking IV therapy and surveillance of practice violations that might otherwise go undetected with practitioner reporting. Enhancements in “smart pump” software applications that have open database connectivity (ODBC) with computerized pharmacy POE, electronic medical records, practitioner medication error reporting databases and financial systems applications would provide substantial improvements in the ability to access and interpret virtual or just-in-time medication event data. 
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