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Abstract

Introduction
Adverse drug events (ADEs) caused by medication errors occur regularly in hospitals.

Research questions

How effective are in-hospital drug-distribution technologies at improving medication safety?
How prevalent are such technologies in Canada’s acute-care hospitals?

Methods

A systematic review synthesized publications from 1985 to 2002 about the effectiveness of
inpatient drug-distribution technologies. A cross-sectional survey of pharmacy directors at
Canada’s 100 largest acute-care hospitals described technology use, plans for change, and
pharmacy-directors’ attitudes to technology use and medication error.

Results

The systematic review categorized 154 technology comparisons into 23 technology
groupings. The evidence consistently favoured the new technologies but its strength was
limited. The survey response rate was 78%. Clinical pharmacy services, computerized
decision support for pharmacists, and unit-dose system were common; bar-coding and
computerized physician order entry were not.

Conclusion

This thesis offers a unique compilation of evidence to guide decision-makers in their uptake
of technologies intended to improve medication safety.
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1. Chapter 1: Introduction and Objectives
1.1 Introduction

Medication errors and their consequent adverse drug events are a serious problem in hospital
care. They endanger patients and add to health-system costs.

In “setting a vision for quality in health care,” The Romanow Report declared that “the health
care system itself is now being recognized as a major cause of illness, death and added costs because
of errors, infections, the adverse effects of medications, the under-use of effective interventions and
the provision of unnecessary or inappropriate care.”'Likewise, the United States Institute of Medicine
identified “Medication management—preventing medication errors and overuse of antibiotics” as a
priority area for quality-improvement in American health care.? Although the emphasis on
professional responsibility is a well-established paradigm of error prevention in hospital practice,
“there is virtual unanimity among patient safety experts that a focus on systemic change will be far
more productive than an emphasis on finding and punishing poor performers.™

This thesis evaluates the effectiveness of drug distribution technologies and system changes
in the prevention of medication errors and adverse drug events. It also investigates the use of such
technologies in Canada, and compares technology use to the evidence gathered about the
effectiveness of the technologies in error prevention.

1.2 Definitions

Medication errors are failures to ‘administer the correct medication to the right patient at an
appropriate dose, route, and time*’ while the medication is in the control of the health care
professional, patient, or consumer.® Medication errors may result from errors in drug ordering,
transcribing, dispensing, administering, or monitoring.”® Many errors have little ability to harm a
patient. For example, if an anti-hypertensive medication is given one hour late, it is technically an
error, but the risk of harm is very low. Other errors in drug administration could have significant
consequences. For example, a 10-fold overdose of a narcotic analgesic will likely adversely affect
the patient. _

Adverse events are adverse patient outcomes caused by medical care. Adverse drug events
(ADEs) are the subset of adverse events that are causally linked to drug use.” ADE is a more inclusive
term than adverse drug reaction (ADR). The term ADE encompasses the ADR, which the WHO
defines as “a response to a drug which is noxious and unintended, and which occurs at doses
normally used in man for the prophylaxis, diagnosis, or therapy of disease, or for modification of
physiological function™’; however, an ADE could also be an adverse event related to inappropriate

drug use. If an ADE results from a medication error, it is called a preventable ADE. ;12



Potential ADEs are cases in which a medication error could have caused harm but did not,
either because the error was identified and rectified before it reached the patient, or because of good
fortune. "

13 The Problem
1.3.1 Aggregate Impact of Medication Errors and Preventable Adverse Drug Events

Large population-based adverse-event studies provide most of the information about the
effects of medical errors on hospitalized patients. A large Canadian population-based chart review
suggests that 185 000 adult, non-obstetric, non-psychiatric hospital admissions annually are
associated with adverse events, of which 70 000 are potentially preventable, and 16 000 are
potentially preventable deaths."* Baker ez al’s study'* employed a two-stage chart review process in
which nurses and physicians sequentially reviewed medical charts to determine a) whether the patient
experienced an adverse outcome, and b) whether the cause of the observed adverse outcome was
medical treatment. The study randomly selected 4 hospitals (1 teaching, ! large and 2 small
community) from each of 5 provinces, then randomly selected patient records from each hospital.

In the Canadian study,' drugs and fluids accounted for 24% of adverse events, making them
the second most common class of adverse event (after surgical). Likewise, in the Harvard Medical
Practice study (the model for the Baker study), ADEs accounted for 19% of all adverse events'™: 45%
of drug-related adverse events were considered preventable,'? and 14% resulted in serious disability.
Comparable ADE rates have been observed in other large retrospective chart reviews.'*'® This
Canadian estimate suggests that almost 0.8% of adult, non-obstetric, non-psychiatric hospital
admissions are associated with preventable ADEs, or almost 20,000 per year:

[0.8% preventable ADE/pt = (7.5%AE/pt) (24% ADE/AE) (45% preventable ADE/ADE)]

The study by Baker et al'* and others like them probably overlooked adverse drug events that
went undocumented. Studies that employ more intensive observation have observed much higher
ADE rates. For example, using a combination of stimulated incident-reporting and almost-daily
chart review, Bates et al found in-hospital ADEs in 6.5% of admissions, of which 28% were judged
preventable: i.e., preventable ADEs in 1.8% of patients." Using pharmacist surveillance in a
Canadian hospital, Forster et al found a rate of 2.6 preventable ADEs per 100 patient days (versus 1.1
per 100 patient-days in the above-quoted study by Bates).

1.3.2 Predictors of ADEs and Medication Errors

Patterns are emerging in the distribution of medication error and preventable ADEs, which
may inform technology diffusion and certainly inform technology assessments (e.g., comparability
and generalizability). Studies have described several patient-level risk factors. Increased patient

14;15;20:21 17;,21;21-27 -

age and disease severity increase the risk of experiencing harm due to a medication



error: variation in the volume of drug use offers at least a partial explanation.”> Children may
experience a greater risk of potential ADEs.’

Few studies have evaluated system factors predictive of ADEs; however, teaching hospitals
seem associated with more adverse events (AEs)'*%, and Intensive Care Units (ICUs) with more
preventable AEs (as cited above in the relation to disease severity)*>?. With regard to error rates,

underlying temporal patterns in medication error may exist,”**

as well as patterns of confusion of
similar drug names.”’ Lighting may even play a role.”
14 The Cost of Adverse Drug Events

ADEs are not only harmful to patients’ health: they are expensive for the health-care system.
The cost of adverse drug events has been modeled in three large (>500 bed) teaching hospitals in the
United States (US). Hospitalization costs attributed to the average ADE ranged from US$2013 (1997
dollars)* to US$2595 (1998 dollars),”’ depending on the type of ADE (e.g., itching, US$677, versus
bleeding, US$6702),** and the level of acuity of care (e.g., intensive care versus general).” >

1.5 Situating Medication Errors in Drug Distribution

Many technologies have been proposed to prevent medication error. This study defines
technology as any intervention which can be introduced at the ward or hospital level, to prevent
medication errors. A breakdown of the relationships of different types of error to ADEs provides a
useful context for the assessment of different technologies’ potential to prevent different types of
ADEs. This is important because the technologies target errors and ADEs very differently, and
because many evaluations measure only process variables as opposed to clinical outcomes.

Technologies intended to prevent medication error affect different steps of the medication
cycle, adapted from “Prescription for Change™*’:

The Medication Cycle
1. Assess therapeutic need

Issue medication order
Process order

Transport order to pharmacy
Process order in pharmacy

Transport medication to patient

I

Administer drug

Errors may occur at any stage in the medication cycle. It is worth noting that the assessment
of therapeutic need assumes a prior diagnosis, which this thesis does not question or consider. The
major stages of medication delivery associated with error are medication

a) ordering (prescription), (a stage which debatably includes order transcription)



b) dispensing; and

¢) administration.

Of the preventable and potential ADEs observed in a sample of medication orders from 11
medical and surgical units, half (49%) originated at the ordering stage; 11% at the transcription stage;
14% at the dispensing stage, and 26% in the administration stage." Among ordering errors with the
potential for adverse patient effects, the majority (59%) relate to knowledge and the application of
knowledge regarding drug therapy and patient factors that affect drug therapy; whereas use of
calculations, decimal points, rate-expression factors, and drug nomenclature factors explain about a
third (31%) of prescription errors.*

In his book on Human Error,®® James Reason distinguished two types of human error: skill-
based slips and lapses, and mistakes. Slips and lapses are errors in carrying out an intended plan in
real time and space.”® Mistakes are errors in planning: in identifying a goal, and choosing a process
to achieve that goal. Mistakes may be “rule-based” or “knowledge-based”: rule-based mistakes
involve “familiar problems' in which solutions are governed by stored rules,” whereas knowledge-
based mistakes involve new problems which require conscious analysis of stored knowledge.*

Applying the Human Error framework to medication delivery, it appears that about half of
“serious’ errors related to preventable and potential ADEs originate from organisational slips and
lapses (in transcription, dispensihg and administration), but a large minority are mistakes (in
prescription), many of which appear to be knowledge-based mistakes.

1.6 Research Questions

The thesis research questions are as follows.

e What is the evidence for the effectiveness of hospital-based technologies in the prevention of
medication errors, preventable ADEs, all-cause ADEs, and potential ADEs?

* How often are such technologies used in Canada’s acute-care hospitals?

e How does the use correspond to the evidence of effectiveness?

1.7 Drug-distribution Technologies Designed to Improve Medication Safety

Table 1 presents the drug-distribution technologies evaluated in the systematic review, in
broad groupings: prescribing and order-communication systems, dispensing (“processing” of the
order) systems, administration systems, and “Other.” What follows is an introduction to each of the
technologies which this thesis addresses.

1.7.1  Prescribing and Order Communication Systems
Computerized Physician Order Entry (CPOE) involves physicians entering medication

orders directly into a computer system. The advantages include order legibility, the potential to guide



physician drug choice and dosing through the use of menus and forcing functions for selection of
drug, dose, route, and frequency; the ability to inform physician prescribing with Computerized/
Clinical Decision Support Systems; and the ability to link physician orders to electronic medication
profiles, eliminating the frequent need for re-transcription. Inconvenience to physicians, non-
compliance, and (as with any automated process) catastrophic failures are potential disadvantages;

acquisition and maintenance costs are others.

Table 1: Technologies in Systematic Review
Technology Grouping Examples

Prescribing and order communication systems | Computerized Physician Order Entry (CPOE)
Computerized/Clinical Decision Support Systems
(CDSS)

Clinical pharmacy services

Pharmacokinetic dosing

Nomograms

Computerized pumps

Standard drug protocols

Physician education and new prescription forms
Electronic Medication Administration Records (e-

MARs) and profiles

Verbal orders
Verification of order communication Bar-coding

Double-check protocols
Dispensing systems (for “processing” of the Bed-proximal drug dispensing & storage
order) Unit-dosing, traditional pharmacy, ward-stock .

Decentralized (satellite) pharmacy systems.

Automated dispensing

. Administration Bar-coding

Drug administration models (primary vs. functional, RN
vs. unlicensed, etc)

Other Interventions Highly automated systems (bar-code, eMAR, etc)
Self-administered medication (SAM)

Unique

Muiltidimensional Quality Improvement (CQI) programs
Failure Mode Analysis (FMA), Root Cause Analysis
(RCA) '

Clinical Decision Support Systems or Computerized Decision Support Systems (CDSS) for
physician or pharmacist order entry automatically and routinely applies a set of rules to screen out
inappropriate drug orders. These checks may suggest corollary orders, or screen out contra-indicated
drug combinations, potential drug overdoses or under-doses, orderé for drugs to which the patient is
allergic, and drug-lab-value abnormalities. The decision support system may provide the clinician
with an on-line source of clinical information, or formulae for dose calculations [n.b., Patient-specific

. CDSS designed for specific pharmacokinetic drug dosing was considered in a special class:

pharmacokinetic monitoring (below)]. Potential disadvantages are that CDSS may be systematically



wrong, decrease time spent with patients, encourage non-adherence, and decrease incentives for
independent clinician evaluation.

Decentralized inpatient clinical pharmacists work on the ward, interacting directly with
patients and other healthcare professionals to enhance the design, implementation, and monitoring of
patients’ therapeutic plans. The pharmacists may apply their expertise broadly: e.g.,in counselling at
the patient’s bedside, at interdisciplinary rounds, and at medical rounds. Pharmacists may also lead
the monitoring of specific drug protocols: e.g., anticoagulant- and antibiotic-monitoring programs,
and pharmacokinetic monitoring programs. The pharmacists may choose from two broad care
philosophies: clinical pharmacy, in which pharmacists supply physicians with drug information and
help choose doses, and routes of administration; and pharmaceutical care, in which pharmacists
broadly identify drug-related problems and undertake the responsibility to prevent or resolve them.”’
Other than the salary costs, potential problems include increased complexity of care processes
increasing the potential for miscommunication and loss of coordination.

Pharmacokinetic dosing involves the application of a specific pharmacokinetic model to
determine patient-specific dosing of a given drug. Potential disadvantages are analogous to broader
forms of CDSS (which were described earlier): e.g., systematic error, non-adherence, and less
independent clinician evaluation of dosing. Computerized pumps may apply pharmacokinetic dosing
principles directly in setting drug infusion rates. For the purpose of this review, computerized or
programmed pharmacokinetic dosing protocols were distinguished from nomograms and other
standard protocols for drug therapy which involve the application of specific rules without
computerization or other calculation aids.

Physician training may enlighten ignorance or promote adherence to accepted prescribing
standards. New (“prescriber-friendly”) prescription forms may promote the latter as well. The cons
of training are that its effecté may be short-term, and poorly conceived education may constitute a
distraction or diminish morale.

A computerized medication profile, or computerized Medication Administration Record
(MAR) allows for remote and multiple access of a given patient’s list of drugs. In many hospitals,
the pharmacy maintains a medication profiles separately from nursing which keeps MARs.
Computerization rnay facilitate the integration of the two to improve order communication; however,
issues around data access and modification are important to resolve.

Verbal orders may disrupt pharmacy work processes and do not create automatic records;

however, they offer a potential for direct human feedback regarding each prescription.



1.7.2  Verification of Order Communication

Bar-coding may facilitate drug verification. Bar-coding applied to a medication package
may facilitate the verification of a medication’s appropriateness during the dispensing and
administration stages. During drug administration, bar-coding of the patient (e.g., wristband) may
help verify the appropriateness of the medication to the patient.

Double-check protocols are another way to verify the appropriateness of medication
distribution. Although they reduce the potential for individual mistakes, they may be time-
consuming and disrupt work processes.

1.7.3 Dispensing Systems (for “processing” of the order)

A unit-dose system distributes drugs in short-term, unit-of-use packages that are ready to be
administered by the nurse from a patient-specific bin, labt;lled with the drug name and dose (e.g., for
24 hours). Unit-dosing eliminates the need for a nurse to select a medication from the floor stock or
from the patient specific bottle (as in Individual Prescription): a pharmacist, pharmacy technician, or |
automated dispensing device performs the task instead.

Automated dispensing devices package and label drugs in unit-of-use packages, based on
computerized medication profiles. Two examples include the Baxter ATC-212, which usually is
located centrally at the pharmacy, and the Pyxis Medstation Rx, which is designed to dispense
medication directly to nurses, peripherally, at the “point of use.” The machines’ intent is to prevent
diépensing errors and decrease the human resource requirements of dispensing.

Alternatives to central unit-dosing are Traditional pharmacy and Ward-stock pharmacy (these
alternatives may co-exist at the same bed). Traditional pharmacies dispense containers of
medication (e.g., vials, bottles) which were ordered for the patient. The containers are labelled with
the patient’s name, the drug name, the dispensed quantity, and directions for use. In acute-care
hospitals, a three-day cycle is typical. Most wards have some ward-stock, which involves nurses or
other non-pharmacists in the hospital ward performing pharmacy functions: a) storing drugs in bulk
in a common floor stock; b) manually selecting drugs from bulk storage; and ¢) distributing drugs to
patients.

A satellite pharmacy is a subunit of the hospital pharmacy which is physically separated from
the central pharmacy, which usually serves a specific ward. Potential advant’ages include timeliness
and pharmacist specialization (i.é., familiarity with local needs); potential disadvantages relate to the
complexity of managing satellite pharrhacies. |
1.74 Drug Administration and Managerial Models

( A variety of models exist for drug administration: e.g., self-administered medication (SAM),

and primary versus functional models. In the primary model, nurses are responsible for their own



patients, whereas a functional model designates a medication administration nurse for the period of
the shift. Drug administration may be carried out by one or two registered nurses or specialized
technicians; the remainder of the division of nurse-supervised labour may be altered as well.

1.7.5 Other Interventions )

Multi-faceted combinations of technologies were often evaluated. Integrated, highly
automated combinations of technologies may potentially perform differently from single-technology
interventions (e.g., integrated eMARs, bar-coding, CPOE, and CDSS together). Finally, multi-
faceted interventions are based on prior in-depth analyses like Failure Mode Analysis (FMA) or Root
Cause Analysis (RCA). Failure mode analysis involves involves identifying errors that may happen
before they happen, and assessing the likely consequences of those errors,” whereas root cause
analysis involves the retrospective identification and assessment of factors which may have
contributed to important events.”® These may conceivably have different results from standard multi-
Jaceted or continuous quality improvement interventions. The Continuous Quality Improvement
(CQI) approacil involves problem assessment, collective intervention, and evaluation.

Altered resident work schedules balance provider fatigue against the need for continuous
patient care. Finally, pharmacy-based intravenous (IV) admixture services transfer the preparation of
IV admixtures into the pharmacy, potentially providing a cleaner environment and personnel more
skilled in IV admixture preparation.

1.8 Medication Error and ADE Detection

An important issue in studies’ assessments of the above technologies and in the perception of
medication error is the issue of error detection and measurement.

In addition to varying outcome definitions, heterogeneous methods of outcome-ascertainment
may account for significant inter-site and inter-observer variation. In one study which compared
different methods of error-detection using a common set of doses (n=2556), the four different
methods of error detection led to widely diverging administration error estimates through: incident
report, 0.04%; chart review, 0.7%; direct observation of administration compared with the patient’s
chart, 11.7%; and a blinded comparison of the research pharmacist’s administration record to the
pharmacy’s copy of orders, 17.9%.” The insensitivity and potential variability in the sensitivity of
measures such as incident reporting is a major limitation of studies that use such measures.*!

In addition to problems with detection, limitations with the measurement of the impact of
medication errors relate to the resolution of cause and effect. In reviewing the causes of adverse drug
events, observers’ hindsight bias may exaggerate what other people should have anticipated a priori,
and the impact of the medication error.’*** On the other hand,’ prospective monitoring of processes at

risk of error may overlook many mistakes which may be detected only once their effects are made



manifest, through patient follow-up®S; also, the significance of errors to patient outcomes is only
reasonably inferred through follow-up of patient outcomes.

In assessing the significance of medication errors, one difficulty is that different modes of
ascertainment capture different types of error. For example, pharmacist surveillance reveals more
order errors and fewer transcription and administration errors.® A major difficulty is the fact that
many errors are intercepted at later stages in the cycle.”** Only a small proportion, perhaps 1%, of
errors that occur in medication delivery cause observable harm to patients.””** Thus, not all errors
are relevant to patient outcomes, and it is important to note the type of medication error under

consideration, as well as its mode of ascertainment.

1.9 Thesis Format and Objectives

This thesis is concerned with the evaluation of different ‘drug distribution technologies’
(interventions, section 1.7) as they concern rates of medication errors and adverse drug events
(outcome, section 1.3). This thesis comprises two studies: a systematic review and a survey. The
systematic review answered the question, “What is the evidence for the effectiveness of hospital-
based interventions in the prevention of medication errors, preventable ADEs, all-cause ADEs, and
potential ADEs?” The survey answered the question, “How often are such technologies used in
Canada’s acute-care hospitals?”

Following the introduction to medication error in Chapter 1, Chapter 2 presents the
systematic review, Chapter 3 presents the survey, and Chapter 4 discusses how the evidence of

effectiveness corresponds with technology use. The specific objectives are as follows.

Systematic review

To assess the effectiveness of any hospital-based intervention (excluding clinical practice

guidelines) in the prevention of

1. medication errors (primary outcome).
2. preventable ADEs and all-cause ADEs (secondary outcome).
3. potential ADEs (tertiary outcome).

Survey
1. To measure the prevalence of the use of technologies in%;luded in the systematic review, in
Canadian acute-care hospitals.
2. To identify the same hospitals’ plans for changes in the intensity of technology use.
To identify potential determinants of technology use in those hospitals: namely, hospital size,
budget per bed, attitudes to the level of technology use, and perceptions of medication error.
By presenting the evidence of technologies’ effectiveness with the evidence of their use, the thesis

informs the way that Canadian hospitals use technologies which may be related to the rate of



medication errors and ADEs in hospitals. The identification of possible determinants of technology

use may help to tailor efforts to promote evidence-based use of error-preventing technologies.
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2. Systematic Review

2.1 Introduction

In Canada, a large population-based chart review suggests that, every year, 185 000 adult,
non-obstetric, non-psychiatric hospital admissions are associated with adverse events (AEs), of which
70 000 are potentially preventable, and 16 000 are potentially preventable deaths."* In Canada, drugs
and fluids accounted for 24% of adverse events, making them the second most common class of
adverse event (after surgical). About half of drug-related adverse events are preventable.'* The
above-mentioned AE rate and proportion of AEs related to drugs are comparable with what has been
observed in other similarly conducted studies.'*'®

Increasingly, it is felt that patients’ frequent exposure to preventable adverse drug events
(ADEs)"" is a property of the health-care system which can only be mitigated through system
change.”® Several recent high-profile position papers call for the increased use of technologies
intended to prevent medication errors, while acknowledging the poorly established epidemiological
evidence of the technologies’ effectiveness in preventing medication errors and ADEs, and
acknowledging the technologies’ immaturity.*> In spite of uncertain evidence, health-care
managers have responded often with enthusiasm for these technologies™': e.g., the FDA has mandated
the use of bar-coding for most prescription drugs and on certain over-the-counter drugs.”

In 2001, the Agency for Health Research and Quality (AHRQ) commissioned 40 authors at
11 institutions to review in 6 months a representative sample of “patient saféty” practices, which
were reviewed by a 4-person editorial board.> The AHRQ reported substantial gaps in the evidence
base regarding technologies intended to improve patient safety: for example, computerized physician
order entry (CPOE) with computerized decision support systems (CDSS), and control over antibiotic
use and venous thromboembolism prophylaxis. The AHRQ presented its report as a template for
extensions on their work. Later literature reviews have assessed specific technologies, such as
computer-based decision-support systelzms.ﬁ;s“‘55 Although these later reviews applied systematic
methodologies, they addressed specific questions without globally assessing the variety of options
open to those attempting to prevent hospital medication errors. »

The goal of this chapter is to evaluate the effectiveness of technologies intended to prevent
medication errors and ADEs. In comparison to existing, focused reviews, this review offers
technology assessments which have greater internal consistency, and are better able to account for the

multidimensional aspect of many technological interventions.
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2.2 Systematic Review Objectives

To assess the effectiveness of any hospital-based intervention (excluding clinical practice
guidelines) in the prevention of

1. medication errors (primary outcome);

2. preventable ADEs and all-cause ADEs (secondary outcome);

3. potential ADEs (tertiary outcome).
23 Methods

Appendix AG summarizes the contribution of the Candian Coordinating Office for Health
Technology Assessment (CCOHTA) to this thesis.
23.1 Literature Search

A librarian (BA, MLS), a nurse (RN, MSN, MSc), and two pharmacists (both BSc, MSc)
designed an electronic literature search to identify primary intervention studies of in-hospital
medication errors or adverse drug events: see Table 2 for more detail. The librarian used Dialog
OneSearch to search MEDLINE®, CANCERLIT®, TOXFILE®, EMBASE?®, and BIOSIS Previews®,
and Pharmaceutical News Index®. The librarian searched CINAHL first with CINAHLdirect®, and
later with Ovid. The CD-ROM version of The Cochrane Library was also searched (2002 issue).

Appendix A describes in full the Dialog OneSearch search strategy used to search MEDLINE®,
CANCERLIT®, and TOXFILE®.

Table 2: electronic literature search strategy (last updated: Nov 2002)

# | Search Component Example Terms
1 | Anoutcome of medication errors or any type of adverse | (explode medication errors) OR (medication
drug event: all-cause, preventable, or potential adverse effect) . . .
2 | A hospital setting [(explode: hospital departments) OR ... OR
(hospices). (MeSH)].
3 | a medication-error prevention technology, defined (explode medication systems) OR (explode
broadly hospital information systems) OR . . .)
4 | essentially any study design (clinical trial) OR . . . (review literature) OR . .
. (case control studies) . . .
AND ~
5 | A publication date no earlier than 1985 ]

To find grey literature, the librarian searched broadly on the Internet, and specifically
reviewed the websites of potentially relevant organizations (e.g., the Canadian Medical Society,
Health Canada, and the CCOHTA’s HTA Checklist of websites, which includes members of the
International Network of Agencies for Health Technology Assessment). Additional specialized
databases were searched: e.g., at the University of York NHS Centre for Reviews and Effectiveness.

Experts were also contacted. The bibliographies of primary studies and major reviews (most
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importantly, the AHRQ report’), through June 30, 2003, were reviewed with a CCOHTA research
officer (MB). ,
23.2 Study Selection Criteria
Following the CCOHTA protocol for medication errors in hospitals (Appendix B), two
CCOHTA researchers (MB, AF, KG) and I selected studies independently; differences were resolved
by a third reviewer. Included were studies of any intervention (other than clinical practice guidelines,
a decision taken by CCOHTA), of any comparative study design, which measured medication errors,
preventable ADEs, all-cause ADEs, or potential ADEs in the hospital setting (including rehab and
long-term care but not nursing homes or homes with assisted living). Language was not a reason for
exclusion.
2.3.3 Data Extraction of Primary Studies
Data was extracted about each study’s design, setting, population, intervention, follow-up
periods, (relevant) outcome definitions, methods of ascertainment, and general threats to validity. In
a 10-study pilot, we (MS, AF, MB) found that our data extraction of study characteristics was
comparable; I extracted the other studies independently. The data extraction tool is given in
Appendix D. Translators familiar with medical terminology translated studies not published in
English or F‘rench. | |
Medication errors were the primary outcome. Preventable and all-cause ADEs were
secondary outcomes, and potential ADEs were a tertiary outcome.
234 Statistical Analysis
Kappa was used to measure inter-rater agreement in the selection of potentially relevant
studies (see Appendix C: kappa calculation).”” Where possible, 95% confidence intervals were
generated around study-specific estimates of relative risks (RRs) and risk differences (RDs), mostly
using standard formulae.® StatXact5 generated exact 95% confidence intervals for ratios of Poisson
rates and for risk differences and risk ratios of sparsely populated binomial proportions. Study results
were extracted as reported. No events were imputed, nor were cluster-randomized controlled trials
re-analyzed to account for their clustering of allocations. |
Pre-specified subgroup analyses addressed technology and study design; pre-specified
sensitivity analyses concerned population (e.g., pediatric or adult), outcome (e.g., error ascertainment
method), and length of follow-up (see Appendix El: pre-specified analyses). These sub~énalyses
required refinement over the course of the review: for example, the continuous quality improvement
(CQD) studies were divided according to the primary changes that they imposed on the drug-

distribution process.

\
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When appropriate, the relative risks and risk differences of similar studies were combined
using the random-effects models in Review Manager 4.2.”° We chose to use random-effects models
instead of any fixed-effects models for two reasons. We chose random-effects for the sake of
consistency, and to overcome the anticipated limitations of the fixed-effect model’s assumption of a
common effect in the face of anticipated variation: variation between interventions; between baseline
error rates and error types>; between lengths of follow-up; and between modes of outcome
ascertainment.”’ Review Manager 4.2 was also used to assess the heterogeneity of study results. In
assessing the statistical heterogeneity of study results considered for combination, a p-value of 0.10
was used as a threshold for the significance of the statistical test for heterogeneifym; the I statistic
was also used to quantitatively gauge heterogeneity of study results, but not as a threshold test for
meta-analysis.”’ The I statistic is intended to describe the proportion of the ovérall variation among
studies that is due to heterogeneity rather than chance: it lies between 0% and 100%. Specifically,

I =MAX [0, 100% x (Q - df)/ Q]
where Q is Cochran's heterogeneity statistic (a weighted sum of the squared differences of each
study's estimate from the overall meta-analytic estimate, for which a chi-squared distribution is
assumed) and df the degrees of freedom. ,

Among similar RCTs, evidence of publication bias was assessed using inverted funnel plots:
no such methods were used with observational studies.

2.3.5 Data synthesis

The final summary table involved a summary of technology classifications, vote counts,
levels of evidence, and study results (relative risks and risk differences). The summary table focuses
on technologies’ main effects, not on differences within technology groupings which are presented in
the technology-specific summariés. Vote counts represent counts of the overall direction of each
study’s results: as “pro”-technology (i.e., less harm occurred with technology use); “con” (against the
technology: i.e., more harm occurred with technology use); or “neutral” (“no effect”). A “pro” or a
“con” vote did not require a demonstration of statistical significance: the avoidance of statistical
significance as a threshold for counting votes limited confounding of study results with data reporting
and analysis.

This review used an Oxford Centre’s scheme of establishing levels of evidence, assigning the
same grade to poor-quality ecological studies as to poor-quality cohort studies.”” For each

technology the evidence of benefit of technology versus no technology was assessed by assigning
"grades of recommendation” according to the Oxford scale: the highest available level of evidence

was indicated to the reader as well. Table 3 (below) summarizes the grades, whereas Appendix E2

presents them in detail.
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Table 3: Oxford Evidence Grading System

A | consistent level 1 studies (mostly RCTs);

B | consistent level 2 or 3 studies (mostly cohort and ecological studies), or extrapolations from
level 1 studies (mostly RCTSs);

level 4 studies (mostly poor-quality cohort and ecological studies) or extrapolations from level 2
or 3 studies

C
D | level 5 evidence (expert opinion or bench research) or troublingly inconsistent or inconclusive
studies of any level.

The Oxford scheme was chosen over the Canadian Task Force’s evidence ranking because
the Oxford scheme offered more guidance in describing levels of evidence from observational

studies, and in suggesting a grade of recommendation based on that evidence.®

24 Results
24.1 Literature Search: Number of Studies Identified and Selected

The summarized results of the literature screen are in Table 4. The electronic literature
search identified 2029 citations, of which 89 were finally included; non-electronic searching
identified 46 articles that were finally included. The Kappa score for independent inter-rater'
agreement regarding the inclusion of full-text articles retrieved was 0.54 (95% CI=0.47, 0.61).
Table 4: Literature Search: Number of Studies Identified and Selected

ARTICLE FLOW Electronic Search | Non-Electronic Search All Articles
Possibly relevant articles identified 2029 Na

Full-text reviewed 317 75 392
Exclusions 228 29 257
Included 89 46 135

The most common reasons for exclusions of full-text articles (n=257) were: no outcome of
interest (n=73); no intervention (n=68); no primary data (n=54); not hospital patient population
" (n=25); no comparative data (n=18); comparison of ADE-monitoring systems (n=13); other (n=6).
The 135 articles provided 154 relevant technology or system comparisons (less than 5 studies
were counted twice in separate technology categories). Table 5 presents the number of technology
comparisons per technology, stratified by study design. The intention of this table is to offer a

general sense of how the various technologies have been studied.
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Table 5: Number of Technology Comparisons, by Study Design

Article Number
Technology or system Total |Pre/postor other [Cohort or [RCT"[Cross -
time-series ccrt over
Computerized Physician Order Entry (CPOE ) alone| 3 2 1
Computerized Decision Support System +/- CPOE | 23 22 1
Pharmacokinetic dosing 15 2 3 10
Clinical pharmacist 16 9 5 2
Nomograms 9 7 1 1
Computer pumps 4 1 3
Drug-specific protocols 10 10
Physician training or order forms 10 10
Verbal orders 2 2
Double-check 7 7
Decentralized pharmacy 4 2 1 l
Unit-dose 5 2 3
Bed-proximal dispensing 3 1 2
Automated dispensing 6 5 1
E-medication profile 4 4
Bar-code 2 1 1
Highly automated systems “ 4 4
Self-administration 2 1 1
Drug administration models” 7. 4 2 1
Continuous Quality Improvement or multi-faceted | 12 12
Failure Mode or Root Cause Analysis 2 2
Unique (e.g., resident work schedule) 4 4
Total 154 [ 113 23 17 11

ACCT: controlled clinical trial
B RCT: randomized controlled trial

¢ e.g., e-medication profile, bar-code, automated dispensing. ..

e.g., primary vs. functional

The studied comparisons were generally derived from large teaching hospitals, in the United
States (75%), Europe (14%), Canada (5%), Oceania (5%), and Israel (1%). Of the comparisons, 113
(73%) studied a time-series, including 100 pre/post studies (60%), 8 time-series studies (5%), and 5

repeated pre/post studies (3%). There were 22 cohort studies (14%) and 1 controlled clinical trial,

CCT (1%). The 17 randomized controlled trials, RCTs (11%), included 3 that were randomized at

the ward- or physician-level but analyzed at the patient level. One study could only be analyzed as a

cross-over study (1%).

What follows is a series of technologY-speciﬁc evidence summaries. For each technology

grouping, there is a reminder of the technology definition, followed by a summary of study

characteristics (complete study details can be found in Appendices F to AE), followed by a summary

of study findings about comparisons of risks of medication error and adverse drug events (complete

study-specific summagies are in Appendix AF: a table or tables of study-by-study descriptions

followed by a summary table).
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With one exception, the summaries of study characteristics begin by enumerating the designs
of the relevant studies. If applicable, the descriptions are subdivided by technology subclass (as
suggested by the method of analysis). As well, if applicable, the studies are subdivided according to
outcome type, namely: drug error, preventable and all-cause adverse drug events, and potential
adverse drug events. If subdivided, the study designs within the subgroup are enumerated again.
Finally, the nature of the technology comparisons and outcome measurements is described.

Each section about the risk of medication error and adverse drug events presents each study’s
quantitative findings, couched within the details of the study context. A summary table (or tables)
augments each technology-specific summary of study findings. Each table provides the following
information: study identifier; technology comparison; outcome; relative risk (RR) versus control,
with a 95% confidence interval if calculable; risk difference (RD) versus control, with a 95%
confidence interval if calculable. While the technology-specific comparisons consider differences
among applications of the different technologies, the final summary presents a simplified analysis of
the technologies’ “main effects” (i.e., technology versus no technology).

The detailed tables of study characteristics are presented in the appendices, along with a
glossary. ;

24.2 Computerized Physician Order Entry (CPOE) without Computerized Decision Support
'+ the Evidence

Computerized Physician Order Entry (CPOE) involves physicians entering medication orders
directly into a computer system. The advantages include order legibility, the potential to guide
physician drug choice and dosing through the use of menus and forcing functions for selection of
drug, dose, route, and frequency; the ability to inform physician prescribing with computerized
Clinical Decision Support Systems; and the ability to link physician orders to electronic medication
profiles, eliminating the frequent need for re-transcription. Inconvenience to physicians, non-
compliance, and (as with any automated process) catastrophic failures are potential disadvantages;
acquisition and maintenance costs are others.

Study Characteristics (n=3, Aﬁpendix F5356

Three studies evaluated CPOE alone: a cohort study® a pre/post study,**** and an interrupted
time-series study.®® The cohort study identified order-entry errors: it compared direct physician order
entry against errors in unit clerk entry of physicians’ written orders, through routine pharmacist
review and incident report. This latter comparison‘was independent of the study’s objective of
assessing the relative verbal-order error rate (the “verbal” comparison was placed in the verbal-order
section). The pre/post study compared the incidence of pharmacist order clarifications in a system of

hand-written orders, against a new system of CPOE with pick-lists and some fill-in orders. The time-
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series study assessed the incidence of miscellaneous medication errors, ascertained through an
unknown method, before and after CPOE implementation: CPOE followed sequentially after

education and forced allergy listing.

Computerized Physician Order Entry (CPOE) without Computerized Decision Support: Risk of

Medication Error and Adverse Drug Events (see Appendix AF, Tables 6a, 6b)

The cohort study of typed CPOE found 0.2 fewer order errors per 100 CPOE orders (95%
CI:-0.5, 0.06) than per 100 written orders, a relative reduction of 26%; however, the study was
confounded by prescriber type. Error rates in this study were higher among attending physicians,
who were over-represented in the hand-written group. The order-error rates among attending
physicians and among residents were similar in the CPOE -order and written-order groups. The
study observed no adverse events due to order transmission errors.

The pre/post study analysis of fill-in CPOE extrapolated the error rate of hand-written orders
written in the first 15 days of CPOE to the entire 6-month CPOE observation period.**%® Orders
through the computerized pick-list were statistically significantly less error-prone than hand-written
prescriptions (2.3% versus 0.7%): the difference in errors came from missing information (-0.4%)
and incorrect information, excluding wrong dose, frequency, and route (-1%). The small number of
typed, fill-in prescriptions were much more error-prone (7.1%), while the hand-written prescriptions
in the first two weeks of the “post” period had an error rate somewhat lower than in the “pre” period
(1.6%). The modeled overall risk difference with fill-in CPOE was 1.2 fewer order errors per 100
orders, for an odds ratio of 0.48 (95% CI: 0.31, 0.73). The §tudy’s selective extrapolation introduces
more than random error: time-dependent effects may include, on the one hand, a decay of compliance
or attention to detail, or, on the other hand, an intervention-favourable learning curve.

Finally, the time-series study found 1 fewer medication error per patient-day, a 22%
reduction (CI unavailable). The time series showed an increase in errors during implementation
(mean RR=1.1).%® This result is more uncertain due to previous technology introductions, the lack of
confidence intervals, and the indeterminate error-detection methods.

Although the results of the three studies of CPOE tend to éuppoﬁ the new technology, the
above-mentioned study limitations make the evidence supporting CPOE’s effectiveness inconclusive.
Specifically, the evidence does not suggest that the error rate in fill-in prescriptions is lower than the
error rate in hand-written prescriptions.®*® Although prescriptions from a pick-list seem less error-
prone than other written or typed orders, there is little evidence from comparisons of whole CPOE

systems to support an effect of CPOE on the overall error rate.**
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243 Computerized Decision Support System (CDSS) with or without Computerized
Physician Order Entry (CPOE): the Evidence

Clinical Decision Support System (CDSS) for physician (CPOE) or pharmacist order entry

- automatically and routinely applies a set of rules tb screen out inappropriate drug orders. These /

checks may suggest corollary orders, or screen out contra-indicated drug combinations, potential drug
overdoses or under-doses, orders for drugs to which the patient is allergic, and drug-lab-value
abnormalities. The decision support system may provide the clinician with an on-line source of
clinical information, or formulae for dose calculations [n.b., Patient-specific CDSS designed for
specific pharmacokinetic drug dosing was considered in a special class: pharmacokinetic monitoring
(below)]. Potential disadvantages are that CDSS may be systematically wrong, decrease time spent
with patients, encourage non—adhérence, and decrease incentives for independent clinician evaluation.

Study Characteristics (n=23, Appendix G **¢"%)

There were 20 CDSS evaluations. The study designs were as follows: 16 pre/post, 3 repeated
pre/post, 3 time-series, and a cohort. 13 evaluated CDSS alone, whereas 7 evaluated the combination
of CDSS and CPOE. 11 studies were from 2 sites: § from the LDS hospital in Salt Lake City, and 3
from the Brigham and deen’s Hospital in Boston. All but a single study of CDSS alerts was
locally customized.®® There were also three multidimensional interventions that appeared to be
centred around CDSS. All but one study of CDSS occurred in teaching hospitals. The studies
assessed both medication errors and adverse drug events. The studies assessed CDSS and CPOE for
broadly defined order errors; CDSS for renally adjusted dosing; CDSS for heparin prescribing, CDSS
for anti-infective management; CDSS for cisapride and digoxin; and CDSS for total parenteral
nutrition (TPN) and other dispensing calculations.

Five studies by four investigators assessed CPOE + CDSS for all types of orders: 4 pre/post
studies and 1 interrupted time-series.*”*®® The two by the same investigator at the Brigham &
Women’s prospectively measured ADEs®®*; one of the two studies measured errors at the point of
drug administration.”®® The studies were funded by the American Society of Health-system
Pharmacists ® and the Risk Management Foundation.”” The three other broad CDSS + CPOE studies
measured prescription errors retrospectively: through a record review,” an undefined method,”" and
incident report.”

There were two database assessments of CDSS for renally adjusted dosing: one of Brigham
& Women’s modified CDSS+CPOE which assessed dose errors, > and one of CDSS alerts which
monitored patients’ renal impairment.” Both were repeated pre/post studies.

A repeated pre/post study of CDSS for heparin prescribing counted diagnoses of pulmonary

emboli and deep vein thrombosis and prescriptions that disagreed with local guidelines.”
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Eight studies of CDSS for anti-infective management were conducted at the LDS hospital, a
private, 520-bed teaching hospital**’**? There were seven pre/post studies and one interrupted time-
series.” Together, they formed essentially a single interrupted time-series study (thus their results are
described altogether). Outcome ascertainment was through record review. The interventions
included CDSS reminders to stop antibiotic prophylaxis,” CDSS standing orders for antibiotic
prophylaxis,” stand-alone CDSS for antibiotic-prescribing consults,”®"® CDSS for pharmacist order
checks,”®! and CDSS linked to CPOE ."*"" In addition to the studies that reported on errors and
antibiotic-associated ADEs, one study which spanned several of the above-described

interventions’®"87%#!

reported on overall antibiotic associated mortality.**

Four other drug-specific studies of CDSS systems assessed the systems’ effects on dangerous
cisapride interactions,® toxic digoxin reactions,®® and TPN errors ¥** The comparison of cisapride
interactions came from an National Library of Medicine -funded evaluation of a broadly customized
version of a commercial CDSS (note: cisapride is not used now).* The assessment of toxic digoxin
reactions also noted the pre/post association with medication errors, identified through undeclared
methods.** The TPN studies compared computer- to hand-calculation using order review: one used
different standards of comparison,®’” while the other did not declare its standard.®®

Finally, one time-series study and two pre/post studies assessed multidimensional
interventions that appeared to be centred around CDSS.***** The time-series study assessed CDSS
which indicated the correct heparin infusion rate and a change in the standard heparin concentration,
using incident report.* The pre/post studies were related to clinical pharmacy,* and double-check
protocols.”” The former intervention involved CDSS plus a clinical pharmacist 1 day per week and
was evaluated through pharmacists’ record review.* The latter intervention involved pharmacists
calculating appropriate antimicrobial doses using a spreadsheet, as well as nurse and physician
verification.”

2.4.3 Computerized Decision Support System (CDSS) with or without Computerized Physician
Order Entry: Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables 7a-f)

The results summary deviates from the general structure of results summaries. It begins with
the LDS hospital’s anti-infective management program, which introduces the wide range of potential
CDSS implementations, and accounts for the relationships between the many related LDS studies
(which in a sense may be viewed as a complex, single study). What follows is a discussion of the
results beyond the LDS hospital.

Anti-infective management at the DS Hospital (Table 7a)

The LDS studies are record reviews of errors prevented through electronic-record-based

CDSS. The LDS hospital’s first interventions in 1985 involved a year of CDSS-suggested stop-order
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stamps” and a year of CDSS-suggested, charted reminder stickers® to end excessive prophylaxis®
and initiate prophylaxis appropriately.” Both the interventions were associated with fewer errors.
With the stop reminders, there were 6 fewer excess doses per surgical patient still hospitalized after
48 hours, a statistically significant risk difference (RD) of 36%. With the prophylactic reminders,
there was a -18% risk difference in prophylactic doses omitted or administered at the wrong-time, a
difference which largely disappeared when the program was discontinued.”

The introduction and re-introduction of CDSS-determined prophylactic standing orders were
associated with even fewer wrong-time or omission errors: statistically significant decreases of 34
and 17 fewer per 100 doses (RRs of 0.11 and 0.15). Errors increased five times with the interim
CDSS discontinuation.”

LDS implemented CDSS in 1990 to prevent drug-allergy and administration errors, then
observed 0.039 fewer ADEs per 100 patients, a (statistically significant) 85% relative reduction.®'
Following a later modification in 1995, excess doses of vancomycin, gentamicin, cefazolin, and
cefuroxime occurred in 6.5 per 100 fewer patients (95% CI: 0.08, -0.05), and 0.61 fewer ADEs were
observed per 100 patients who received these drugs.®

The LDS implemented CPOE + CDSS for anti-infectives in 12 ICU beds in 1994, and
hospital-wide by 1995. Following implementation, the ICU study found 16 fewer susceptibility
mismatches, 6.4 fewer drug-allergy alerts, and 20 fewer excess dose-alerts per 100 patients (each
p<0.01): 1.7 fewer anti-infective ADEs per 100 patients overall (a 70% relative reduction). The non-
ICU CPOE+ CDSS study found 1.2 fewer preventable ADEs per 100 patients, a 97% decrease (in the
same year, retrospective chart review found a antibiotic-associated ADE rate of 19%).”” Overall-
antibiotic-associated ADEs decreased by 0.25 per patient in 89 vs. 88, and 0.33 per patient in 94 vs.
88. Overall antibiotic-associated mortality decreased 1% (RR=0.73, 95% CI: na).**™

Computerized Decision Support System (CDSS) with or without Computerized Physician Order

Entry (CPOE), not LDS-hospital focused: Risk of Medication Error and Adverse Drug Events (see
Appendix AF, Tables 7b-f) |

This section first discusses the technology’s effect on medication errors, then on ADEs.

Among all the hospitals which implemented CPOE + CDSS, seven studies found decreases
in prescription errors (table 7b).5"*"*"37  Two studies evaluated prescriptionverrors broadly; they
found relative decreases of 83% and 50%,”""* similar to the 88% overall decrease in non-missed dose
errors.”’ The former two studies had RDs of -0.12 per patient-day through record review and -0.0026
per patient-day through incident report,”” whereas the Brigham and Women’s study of missed-dose

errors found a final decrease of -1.15 non-missed-dose errors per patient-day.”’
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The studies observed relatively larger decreases in prescription errors with more targeted
interventions and more narrowly defined populations and outcomes. Automated record reviews
found that with CPOE+CDSS, excess doses declined by 12 per 100 doses of low-risk drugs,” and 20
per 100 antibiotic orders (using LDS’s CDSS for antibiotics)’®; wrong dosages of renally cleared
drugs decreased by 21 per 100 orders after the CPOE + CDSS was tuned for renal function.”

One study, the interrupted time-series, observed increases in missed-dose errors with the
sequentially developed CPOE+CDSS: overall increases of 0.5, 0.2, and 1.4 missed doses per 100
orders following each new intervention.’

CDSS alerts were all associated with fewer errors (table 7¢): significantly fewer cisapride
errors (RR=0.3),%* fewer prescriptions errors overall (RR=0.87),% and shorter excess-dose periods
(relative means of 0.39 and 0.62).5%% Interestingly, the one commercial system was associated with a
relatively small relative error reduction of 13% (CI na).¥> As with the LDS studies, the absolute risk
differences were smaller without CPOE.

CDSS for dispensing calculations was associated with large and statistically significant error
reductions in the methodologically limited studies of TPN calculation errors (table 7d): -12 and -54
(including -8 major) ordering errors per order.”®® Two pre/post studies which used incident report
and an undeclared method did not detect any intervention-specific calculation errors with CDSS plus
a clinical pharmacist one day per week, or with an added double-check protocol.***

In short, with the exception of insensitive studies, all the interventions were ultimately
associated with reduced error rates; however, the studies were very heterogeneous, and estimated
error reductions varied substantially.

Ten studies assessed ADEs (preventable, all-cause, and potential) in relation to CDSS
implementation (table 7¢). Three studies assessed a CDSS +CPOE application at the Brigham and
Women'’s Hospital: two assessed a broad CPOE + CDSS application versus none,”*? and a third
study assessed renally adjusted dosing for the CPOE+CDSS.™ The other studies assessed bleeds and
thrombi with CPOE+CDSS for heparin use,” antibiotic-associated ADEs with CPOE+CDSS and
with anti-infective CDSS alone,*"**? cisapride-associated ADEs in a broad CDSS system,” and toxic
reactions to digoxin.** The first Brigham and Women’s implementation study was published in 1999
as the second of four time points.” After implementing the first CPOE + CDSS, the rate of
preventable ADEs per patient-day doubled (RR=2.0, 95% CI: 0.67, 6.9), increasing by 2.8 per 1000
patient-days. Then, the same investigator implemented CPOE+CDSS at another ward, and found
17% fewer preventable ADEs (p=0.37), a risk decrease of 0.8 per 1000 patient-days; he published the
results in 1998 (a year éarlier than his earlier negative study).” Finally, the investigator returned to

the ward where his CPOE + CDSS system had been associated with increased preventable ADEs and
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made interventions associated with decreases in preventable ADEs: -1.8 and -1.9 preventable ADEs
per 1000 patients (versus baseline), neither difference being statistically significant.¥’ Over time, the
risk differences versus baseline were 2.8, -0.8, -1.8, and -1.9 preventable ADEs per 1000 patient-
days; the trend was unclear with all-cause ADEs.5"*%

As stated earlier, CPOE + CDSS for anti-infectives decreased ADEs by 1.7 and 1.2 per 100
patients after the implementation of CPOE + CDSS at the LDS.”*”" CDSS alerts for antibiotics (LDS
again) were associated with large relative decreases in ADEs observed but small absolute differences:
-0.039 per 100 patients overall and -0.61 per 100 patients on one of four specifically targeted
antibiotics. Serious renal impairment developed in 4.1 per 100 fewer patients receiving nephrotoxic
drugs

The other, specific CDSS systems were associated with less important absolute risk
differences for ADEs: -0.037 per 100 surgical patients with CDSS for anticoagulation, -0.02 per
patient treated with cisapride (the 90% fewer toxic reactions to digoxin seemed like data dredging as
the intervention was broad while the outcome was surprisingly narrowss).

To summarize (table 7f), most of the CDSS studies were self-evaluations of locally
customized technologies. The seven studies that consistently found decreases in prescription errors
support the contention that CDSS + CPOE will prevent the prescription errors that the evaluators
intend to prevent. The broadly oriented CDSS + CPOE studies from Brigham and Women’s
distinguished themselves through their ADE ascertainment mechanisms which appeared not so
dependent on the intervention, and through the magnitude of the decrease that they observed: the
most dramatic being 0.8 and 1.9 fewer per 1000 patient-days (neither statistically significant).”**®
The developer’s less publicized and underemphasized early negative results are a reminder of the
threat of publication bias which runs through this entire review (although there are other competing
explanations such as temporal variation, and an institutional learning curve).

The LDS anti-infective management system involved a serious, long-term institutional
commitment to technology development, reflected in substantially decreased rates of anti-infective
ADEs. Unfortunately, a basic limitation of the LDS studies is that they are record reviews of errors
prevented through record reviews: a standard that favours itself.

The risk differences suggest potentially substantial benefits with sophisticated CPOE +
CDSS for anti-infective management: a 97% relative decrease of -1.2 preventable ADEs per 100
patiehts77 (although recall that in the same year a chart review found a baseline risk of 19%).
Implementation of routine CDSS standing orders for surgical prophylaxis also was associated with
substantially fewer omissions and wrong-time errors than following charted CDSS reminder stickers:

in the ballpark of one for every 3 to 5 surgical patients.” The error reduction with the LDS antibiotic
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consultant was much smaller (RR=0.88, RD=-0.034/pt, not statistically significant). CDSS alerts for
clinical pharmacists prevented much smaller numbers of ADEs, both at the LDS at other sites. -
Finally, CDSS appears to be potentially very helpful as a calculation support tool (RRs of 0 and 0.18

with TPN,¥* and 0 with cointerventions®*®), although the evidence is not particularly robust.

244 Pharmacokinetic dosing: the Evidence

Pharmacokinetic dosing involves the application of a specific pharmacokinetic model to
calculate patient-specific dosing ofa given drug. Potential disadvantages are analogous to broader
forms of CDSS (which were described earlier): e.g., systematic error, non-adherence, and less
independent clinician evaluation of dosing.

Study Characteristics (n=15, Appendix H, °*'%

Fifteen studies evaluated pharmacokinetic dosing: 10 RCTs, 1 CCT, 2 observational cohorts,
and 2 pre/post studies. All the studies were specific to a drug or drug class. 8 studies assessed the
achievement of therapeutic drug concenﬁations, 6 assessed adverse drug events, and 4 assessed
blood-clotting times. Five studies were of aminoglycosides (3 RCTs, | cohort, and 1 pre/post), one
of vancomycin (cohort), five of theophylline or aminophylline (3 RCT, 1 CCT, 1 pre/post), one of
heparin (RCT), and three of warfarin (RCTs). Two aminoglycoside studies occurred in the same
New Zealand hospital with one investigator in common *** The Eli-Lilly funded ICU study used a
nomogram comparator,” whereas the non-ICU study used guided physician dosing,”" in order to
achieve target drug concentrations after a few days. Two other aminoglycoside studies used “normal
practice’ controls: they assessed the proportion achieving therapeutic drug concentrations at different
times®® and nephrotoxicity (the latter excluding protocol violations).” Finally, a study of adherence
to pharmacokinetic dosing recommendations compared the incidence of nephrotoxicity and measures
of non-therapeutic drug concentrations in patients whose doctors complied with all the
recommendations, versus the patients whose doctors had complied with less than 100%.%*

The vancomycin cohort study allocated patients according to physician preference and
counted instances of renal insufficiency; the kinetic group providers were aware of the study while
the non-kinetic group providers were not.'”!

Theophylline and aminophylline are seldom used now. Four kinetic-dosing studies examined
the achievement of therapeutic drug levels.”** An RCT, a CCT, and a pre/post study compared
kinetic dosing to normal practice; the other RCT compared kinetic to guided dosing and excluded
protocol violations.'™

The heparin RCT compared kinetic dosing to a nomogram (not weight-based) with respect to

- bleeds, adverse clinical events, and proportions of therapeutic clotting times.”
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There were two studies of specific pharmacist order review (see table 9¢c). One of the

warfarin studies compared kinetic dosing to standard dosing practice.'® The other two compared

kinetic dosing to standard dosing practice'®"%: one had two kinetic arms'® (funding: American

103 104

Society of Hospital Pharmacist -, Regional Health Authority ). All used a variety of lab indicators

of hemodynamic risk; three counted bleeds and two counted thrombi.
Pharmacokinetic Dosing: Risk of Medication Error and Adverse Drug Events (see Appendix AF,

Tables 8a-¢)

The three studies of achieving therapeutic aminoglycoside concentration showed statistically

significant benefits. The decreased occurrence of a non-therapeutic peak concentration was
statistically significant in both of the New Zealand RCTs.”'” The RD was -0.44 per patient in the
non-ICU study (95% CI of RD=-0.73, -0.16; RR=0.50), and -77 per patient in the ICU study (95% CI
of RD:-0.93, -0.41); RR=0.08): these results are significantly different (Chiz = 3.26 (P =0.07), > =
69%). After a few intervening pilot interventions, the pre/post study found it took less time to
achieve a therapeutic concentration and that fewer patients experiences possible nephrotoxicity (RRs
of 0.60 and 0.24)”* The fourth aminoglycoside study showed a statistically insignificant decrease in
aminoglycoside-associated nephrotoxicity, which was probably an overestimate since it excluded
patients whose dose recommendation was not implemented within 48 hours.*

In the cohort study of vancomycin dosing, the physician’s patient allocation resulted in
unbalanced groups: for example, the intervention group had fewer diabetics (2% vs. 16%) and
concomitant aminoglycoside users (15% vs. 24%), both of which are risk factors for nephrotoxicity.
It found an RD of 17% fewer patients experiencing related renal insufﬁciency (95% CI=-30%, -4%),
a relative decrease of 72%; however, due to likely bias, the significance of this result is unclear.'”’

With regard to theophylline, the two RCT's found a statistically insignificant trend toward
decreases in the occurrence of a non-therapeutic concentration’®””: a combined RD of -9% of patients
(95% CI:-24%, +6%; Chiz=0.02 (P =0.88), 2 = 0%), a 33% relative decrease. The study of cardiac
arrhythmias was neutral: RD=0 (95% CI: -0.16, 0.15).® Another study showed more nausea in the
kinetic group: RD=0.04 (95% CI: -0.09, 0.18).'®

The RCT of pharmacokinetic heparin dosing versus the non-weight-based nomogram found
no clear difference in the number of non-therapeutic clotting tests (activated partial thromboplastin time
ratios, or APTTRs). * However, there was a significant elimination of “adverse clinical events” per
patient (RD=-0.23/pt; 95% CI: -0.39, -0.07), and a similar rate of bleeds (RD=0.01, 95% CI. -0.14,
0.16).
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The three RCT's of pharmacokinetic warfarin dosing found non-statistically significant trends
toward fewer failures to stabilize the PR or dose,'"* ' fewer bleeds '**'*, and more
thromboemboli.'?%!%: see Table 8b for details.

Studies also observed decreased time to stabilization, one by a day (CI na) and one by two
days (p=0.01).10%1%

With the exception of the pre/post study” and a warfarin RCT,'* study conditions appeared
more carefully controlled than is normal: in fact, two studies excluded protocol violations.”® All of
the studies showed benefit in terms of attaining targeted therapeutic dose ranges and anticoagulation
ranges. The pharmacokinetic interventions tended to show benefit with regard to any sort of adverse
event. Table 8c presents the relevant meta-analyses.

The primary meta-analysis was performed on the four RCTs of AEs that did not explicitly
exclude protocol violations™”%'%%!%: it found a relative risk of 0.56 (95% CI: 0.20, 160), which was
equivalent to 5 fewer adverse events per 100 patients (95% CI: -0.14, 0.04). The secondary meta-
analyses that included the studies which excluded protocol violations estimated a higher but
comparable RR and RD (both still statistically insignificant). 09396:100:102:104 The two observational
studies had point estimates that suggested greater decreases in AEs with kinetic dosing; however,
their confounding makes their estimates less reliable.

To summarize (table 8d), the studies of pharmacokinetic dosing were mostly small RCTs
with tightly controlled interventions, outcome measures that focused on expected benefits, and
limited reporting on losses to follow-up. They demonstrated improvements in the attainment of
desired drug concentrations, and a statistically insignificant trend toward fewer adverse events. The
one (pre/post) study that evaluated a system-level intervention had analogous results. The technology
can have limited only applicability, as the interventions are for drugs that are unique in requiring

specific dosing and monitoring.

2.4.5 Clinical Pharmacist: the Evidence

Clinical pharmacists work on the ward, interacting directly with patients and other healthcare
professionals to enhance the design, implementation, and monitoring of patients’ therapeutic plans.
The pharmacists may apply their expertise broadly: e.g., in counselling at the patient’s bedside, at
interdisciplinary rounds, and at medical rounds. Pharmacists may also lead the monitoring of
specific drug protocols: e.g., anticoagulant- and antibiotic-monitoring programs, and pharmacokinetic
monitoring programs. The pharmacists may choose from two broad care philosophies: clinical
pharmacy, in which pharmacists supply physicians with drug information and help choose doses, and

routes of administration; and pharmaceutical care, in which pharmacists broadly identify drug-related
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problems and undertake the responsibility to prevent or resolve them.”” Other than the salary costs,
potential problems include increased complexity of care processes increasing the potential for
miscommunication and loss of coordination.

Study Characteristics (n=17, Appendix I ®**1%11%)

Seventeen studies assessed clinical pharmacists: ten pre/post, five cohort, and two
randomized studies. Of the ten non-specifically oriented studies, four investigated ADEs, and six
investigated errors. Six studies were drug-class specific, including four that investigated warfarin
dosing.

Four studies reviewed charts to follow-up on ADEs that occurred with and without a broadly
expanded clinical role for the pharmacist®'%"%!!!: an 8-group RCT,* two cohorts,'®*'% and a
pre/post study.""! The ward-level RCT prospectively elicited additional ADE reporting from staff to
assess a “team” intervention, which primarily made the pharmacist more available on the ward, and
additionally involved supporting dilution and drip-rate calculations, and adding a nurse-pharmacy
log: a validity-related weakness is potential measurement instability due to the recent implementation
of CDSS plus CPOE.® ,

A pretest-posttest control group study added 0.5 full-time-equivalents (FTE) of an
experienced senior clinical pharmacist for a 17-bed ICU'®; the other cohort study added 2 clinical
pharmacists for 30 patients.'® Finally the fourth pre/post study assessed one FTE clinical pharmacist
for 28 beds by reviewing charts of patients who received drugs commonly used to treat ADRs.'"!

Three cohort'®"'%!" and three pre/post®'”"'® studies reviewed records to identify errors

with and without an expanded role for the clinical pharmacist. A cohort'® and two pre/post

84;109

studies of adding a clinical pharmacist measured errors broadly. One study counted excess doses

where the change in the pharmacist’s duties included, among other things, optimizing doses of -

107

renally eliminated drugs following serum-creatinine determinations. A cohort study measured

recorded drug discrepancies with and without pharmacists comparing the GP’s drug history with the

admission drug history and educating patients.'’

One cohort study was unique in comparing the
nature of pharmacist interventions with two surgeons (analogous to “errors prevented”): the
pharmacist with one surgeon took medication histories and made recommendations, whereas the
other simply reviewed the chart.''

Finally, seven studies were drug or class-specific. Three pre/post studies assessed bleeds and
thrombi where pharmacists had a defined role in warfarin management.'"*''¢ Interestingly, two used
retrospective methods pre-intervention and prospective methods post-intervention.""*''> A Canadian
RCT assessed errors with and without pharmacist recommendation about the misuse of the then-

recently unrestricted drug cefotaxime,''” and a pre/post study assessed the dosing of hypnotics.''®
g pre/p
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Finally, a cohort study "~ and a pre/post study” "~ assessed a pharmacist-managed warfarin use which
also employed pharmacist-managed heparin nomograms. The associated adverse events did not fit
neatly into either the clinical pharmacy or the nomogram category, which follows after clinical
pharmacy.

Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables 9a-¢)

All five studies which evaluated errors found decreases with an increased clinical pharmacist
role (table 9a): two results were statistically significant."”"*® The two studies which evaluated errors
broadly found relative decreases of 38% and 50%: in one, 0.5 fewer discrepancies in the records per
patient (n.b., using broad and unclear error definitions). Going from 0.2 to 1.0 FTE of clinical
pharmacist on 53 beds was associated with 1.8 fewer prescription errors per 100 doses (RR=0.89, CI
na). With a clinical pharmacist who adjusted renally eliminated doses, there were 71% fewer excess
doses per renally eliminated dose (RD=-0.48/dose). Finally, there were 0.48 fewer drug
discrepancies per drug on discharge when the clinical pharmacist resolved differences between the
GP record and the admission history.''°

The RCT found 6 fewer prescription errors per 100 doses with the pharmacist reviewing the
newly broadened use of cefotaxime; also, 8% of control patients were excluded because of the risk of
no pharmacist intervention.""” The quality improvement (QI) study of pharmacist review of hypnotic
orders found that they were eliminated.'"®

Finally, related to error but unique (and not tabled) is a study of pharmacist interventions
which found that, compared to a pharmacist who reviewed the drug chart for errors with one surgeon,
a pharmacist who took the medication history, and charted recommendations for another surgeon
more often changed the drug as opposed to the dose, and was graded as making more significant
interventions (RD of +15% for a “significant” or “very significant” intervention).''?

The Clinical Pharmacist and the Risk of Adverse Drug Events

Three of the four studies of clinical pharmacists found decreases in ADEs. The three studies
that measured preventable ADEs found a statistically significant decrease of -1.0 per 100 patient-days
in the ICU,"” a border]iﬁe statistically insignificant -2.1 per 100 patient-days in the general medical
ward,'® and a statistically insignificant increase of 0.9 per 100 patient-days in a mix of general and
intensive-care wards.* Supporting the validity of the decrease in preventable ADEs in the ICU were
the larger decrease in all-cause ADEs (-3.2 per 100 patient-days), and a small increase in ADEs in the
concurrent control (RR=1.3)'; the patient comparability in the study of general medicine wards
seemed also very good.'® The final study of pharmaceutical care found a smaller (statistically
significant) decrease in ADEs of -0.052 per patient which reflected its narrower outcome definition.

The study which showed an increase in ADEs differed from the other three in a variety of ways,
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including its larger sample size, its randomization of wards, its above-mentioned sources of potential
measurement instability, and the fact that it merely changed the pharmacist’s responsibility without
adding clinical pharmacist FTE.”

Three pre/post studies of pharmacists’ warfarin management counted bleeds and thrombi.''*
"¢ None of the studies was statistically significant, but there was a trend towards fewer in-hospital
bleeds (-0.08, -0.03, and +0.02 per 100 patients) and fewer in-hospital thrombi (-0.03, +0.0075 per
100 patients). The study which followed up on patients longer also found a trend fewer bleeds (
-0.05/patient) and thrombi (-0.03/patient).

In the pharmacy-managed heparin nomograms and warfarin protocols, ''**

the adverse-
event data were uncertain and variable. In the pre/post study, the bleeding-risk difference was
positive but not at all significant: RD=1/100 patients, OR=1.4 (95% CI: 0.2-12.5). Conversely, in the
cohort study there were fewer bleeds (RD=-0.04; 95% CI: -0.14, 0.03) but more thrombi (RD=0.02;
95% CI: -0.06, 0.11) Interventional patients in the cohort study were more likely to have a
therapeutic INR at discharge: RD=-0.13 (95% CI: -0.34, 0.07).

In summary, the studies that added clinical pharmacist FTEs were associated with consistent
decreases in error rates (particularly prescription errors rates), and relatively large absolute decreases
in ADE rates. Study validity is a concern with them: theoretically in terms of their selection of
pharmacists (the "experienced senior pharmacist") and the lack of pharmacist-blinding to the
assessment; and quantitatively evidenced by some atypically high recormmendation-acceptance rates.
Likéwise, the results of studies of pharmacy-managed anticoagulation were variable but tended
toward large benefits with the interventions. The main caveat with these is the easily identifiable
study limitations, such as the comparison of prospective to retrospective data collection, and
inclusion of vascular patients in only one group.

2.4.6 Nomograms, the Evidence _

A nomogram consists of three lines, each representing a correlated variable, where the
relationship between variables is described by a straight line drawn through the three lines: i.e., the
recommended dose is suggested by two correlated variables: e.g., a patient’s weight. The purpose of
a nomogram is to individualize dosing based on patient-specific factors: e.g., a patient’s weight.

Study Characteristics (n=8, Appendix J,!1311125

The eight nomogram studies dealt with heparin dosing. There were seven pre/post studies
and an RCT. The two studies of pharmacy-managed heparin protocols which also assessed warfarin
protocols were managed by clinical pharmacists: thus, their warfarin-associated elements were
discussed in the clinical pharmacy section, although their adverse-event data is also presented in the

tables in this section.!'*'"*
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Seven pre/post studies compared weight-based nomograms to empirical dosing (n=1),'*

119;121;122

weight-independent nomograms to empirical dosing (n=3), and weight-based nomograms to

weight-independent nomograms (n=2).''* One weight-independent heparin nomogram also

1.119

included a warfarin protoco One RCT which did not conceal allocations compared weight-based

to weight-independent nomograms.'” Finally, a cohort study compared a weight-based heparin

nomogram and which also involved warfarin dosing to normal physician management.'"?

Heparin indications were both non-specific''*?1%

and specific to deep vein thromboses .
(DVTs) or pulmonary emboli (PEs).””'* Studies took place in the mid-80s to the mid-90s.

All the pre/post studies employed retrospective chart review, with the exception of one that
used daily chart review.! One used retrospective data collection pre, and prospective data collection

122

post.*" Other clear pre/post study limitations include generalizability in the comparison of weight-

based and non-weight-based nomograms that excluded protocol violations,'** and internal validity in
two studies of weight-based versus empirical dosing.'”*"%*

Two pre/post studies assessed standard nomograms with regard to the proportion of non-
therapeutic APTTRs: per test'?' and per hour."” Two studies compared nomogram dosing (one
weight-based, one not) to empirical dosing in terms of the proportion of patients achieving a
therapeutic APTT at 24'**'2 and 48 hours.'” Three pre/post studies assessed time-to-therapeutic
APTT in nbmogram vs. empiric dosing: 1 weight-based nomogram'” and 2 not.'**'* The RCT of
weight-based versus non-weight-based nomograms measured these latter two outcomes as well
(proportion with therapeutic APTT and time-to-therapeutic APTT).'* One pre/post study and the
RCT observed bleeds and thrombi with weight-based dosing versus empiric'?® and weight-

independent dosing.'”

Nomograms: Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables 10a-b)

With nomogram use, patients spent less time with non-therapeutic APTTs (RR of 0.84, RD
of -9%)'"? and had fewer lab tests with non-therapeutic APTTs (RRs of 0.63 and 0.89, RDs of -14%
and -6%)."*"*! In two pre/post studies with limited internal validity, nomograms were associated
with statistically significantly fewer patients not achieving a therapeutic APTT at 24 and 48 hours.
‘For example, at 24 hours, the estimated risk differences were as follows: with the weight-based
nomogram, 44 fewer patients per 100 (95% CI: -64, -23, RR=0.16); with the weight-independent
nomogram, 28 fewer patients per 100 (95% CI of RD: 47, -10; RR=0.55). The cohort-study results
at 24 hours were complementary but less dramatic, with an RD of -0.04 and an RR of 0.67. Weight-
based nomograms were particularly efficacious: in direct comparison to weight-independent
nomograms (estimated relative risks of 0.67 and 0.63, and risk differences of -0.20/pt and -0.21/pt,

and 24 and 48 hours, respectively), and in the non-head-to-head comparison of the pre/post studies
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quoted above.'?'?* The two weight-independent nomograms found an meta-analyzed average of a
32-hour decrease in time to therapeutic APTT (95% CI:-40, -23, Chi = 0.04, (p=0.85), =0). The
weight-dependent decreases were 23 hours (95% CI: -42, -19) in the pre/post study and -1.7 hours
(p=0.14) in the cohort study, to absolute time-to-therapeutic APTTs that were similar. The direct
comparison found it took 12 fewer hours to reach a therapeutic dose (P<0.001 with Kaplan Meier).
The pre/post study found 3 fewer bleeds per 100 patients (95% CI: -10, 5) and 7 fewer thrombi (95%
CI: -16, 2) with the weight-based nomogram compared to empiric dosing; however, in addition to the
statistical uncertainty, the patient populations were very different. Likewise, the RCT observed 3
fewer bleeds and 20 fewer thrombi per 100 patients, but the groups were unbalanced, so the
comparison is not very meaningful.'?

In summary (table 10b), the evidence for the superiority of nomograms over empiric dosing
was consistently favourable, but of low quality: many studies’ internal validity was limited.
Statistically significant improvements were observed in terms of achieving a therapeutic APTT at 24
and 48 hours, and in terms of time-to-therapeutic APTT. The studies also presented statistically
uncertain trends toward decreases in bleeds and thrombi. Based on the results, heparin nomograms
appear likely to improve the achievement of therapeutic APTTs; however, the adverse event data
itself is limited in suggesting a benefit to nomogram use. It is difficult to apply these studies to the

use of drugs other than heparin.

24.7 Computerized Pumps, the Evidence

The computerized pumps in this review applied pharmacokinetic principles to set drug-

infusion rates directly.

Study Characteristics (n=4, Appendix K. %)

There were four studies of computerized pumps, all for perioperative use. There were three
RCTs and a prospective cohort study. Two monitored hemodynamic parameters during CABG, with
fentanyl'”® and midozolam'” dosing assistance. One study:, post-cardiovascular surgery, measured
blood-pressure control with computer-assisted fentanyl and midazolam dosing.'?® Finally, one
monitored pain control post-orthopedic surgery, with computer-assisted alfentanil dosing compared
to patient-controlled morphine.129 There was one RCT in each of the three categories, plus the
cohort. Follow-up was short: up to 32 hours long. The studies were small: with 10, *%1% 12, 1720
and 40'*® patients randomized per study arm. ,
Computerized Pumps: Risk of Potential Adverse Drug Events and Adverse Drug Events (see
Appendix AF, Tables 11a-b)
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Compared with patient-controlled administration of morphine, computer-controlled alfentanil
administration decreased time spent with pain [visual analogue scale (VAS)>3.0] by an average of
175 minutes (95% CIL. -310, -29), a 44% reduction. Nausea and vomiting were unchanged (RR=1),
while urinary retention decreased by 49% (95% CL: 0.1, 1.9).

The computerized blood pressure monitor decreased the mean difference from the target
blood pressure (70-80mg) by statistically significant amounts in each of the four hours following
cardiac surgery: in hour 1, -9.5 mm Hg; in hour 2, -8.4; in hour 3, -8.1; and in hour 4, -2.8.

The cardiac surgery study of assisted fentanyl dosing found trends toward fewer hypotensive
and hypertensive episodes with computer-assistance, particularly with the variable, physician-
adjusted drug concentration set point; however, the results were not statistically significant. The
investigators in the cardiac surgery study of assisted midazolam and fentanyl dosing felt that they
found no important difference in mean arterial pressures or heart rates.

To summarize (table 11b), the computer-assisted dosing studies were small, unique efficacy
studies in the perioperative setting: the study did not address safety with widespread use. One study
favoured computer-assisted dosing in terms of pain control; however, a major difference between the
interventions was the use of alfentanil as opposed to morphine.'” Collectively, the three other
perioperative studies were variable, but suggested potential improvements in hemodynamic
control."**'”® One study suggested improved post-operative blood-pressure and heart-rate control.'?
Intra-operative blood-pressure control seemed comparable in one study,'”’ and potentially improved,

though not statistically significant different with the variable set-point, computer-assisted fentanyl

dosing."*

2.4.8 Standard, Hospital drug-specific Protocols: the Evidence
Standard protocols for drug distribution involve the application of a specific set of rules
without computerization to minimize procedural variations.

Study Characteristics (n=10, Appendix L, #1335

Ten pre/post studies (one of which included time-series data’*'*?

) described the results of
implementing standard hospital drug protocols: for heparin,'*® narcotics,"* chemotherapy, **"!
insulin, ''¥"**1* TPN, ¥ and patient-controlled analgesia.”** Most of the protocols seemed targeted
hospital-wide. The heparin protocol reported the time to therapeutic coagulation range and the

proportion of pharmacy order interventions.'

One chemo protocol reported on medication errors™;
the other chemo and narcotic protocols reported associated ADEs.”* The insulin protocols reported
hypoglycemic episodes,' potential errors,''® errors related to insulin,”' and hypoglycemic episodes

and potential errors combined**'** The patient-controlled analgesia study reported on related
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incidents, and the TPN study reported on TPN form errors. The TPN study tabulated errors

prospectively'®’; the seven other studies either used incident report'**'>*

or did not declare their
methods''*"*" Of 21 potentially relevant system changes evaluated inside the 40-hospital Institute for
Healthcare Improvement (IHI) collaboration, four protocols (one for heparin, one for narcotics, one
for chemotherapy , and one for insulin) represented four of the eight reported successes.'

Hospital drug-specific protocols: Risk of Medication Error and Adverse Drug Events (see Appendix

AF, Tables 12a-b)

All eight studies showed protective associations, but their statistical uncertainties were not
calculable (table 12a). Of the IHI studies, the heparin protocol claimed a 16-hour decrease in mean
time to therapeutic PTT (a 70% reduction) along with a 32% absolute decrease in pharmacist order
interventions. The narcotic and insulin protocol each claimed about 10 fewer related ADEs per
month (88% and 62% reductions), while the chemo protocols reported 85% fewer errors and 50%
fewer ADEs: both had error-reporting limitations.”® The insulin protocols reported 10 fewer

130

hypoglycemic episodes per month (as above),”® one fewer insulin error per patient-day,"" the

elimination of 4.4 “potential errors” per patient,"® and 2.7 fewer insulin errors and hypoglycemic
events per 100 unreported units'**'*3: the latter decline in insulin errors and hypoglycemic episodes
seemed to stabilize over time at the new lower level). Patient-controlled analgesia incidents declined
by 3.2 per 100 days (relative risk reduction=44%),"** and TPN-form errors per patient declined by
0.82 per patient (relative risk reduction=88%), consistently across categories (infusion rate,
%lipid/%glucose, % amino acid, electrolytes, trace elements & vitamins, heparin).'*

The greatest absolute differences were seen in the THI collaboration’s protocols for heparin,
narcotics, chemotherapy, and insulin. Although the IHI’s heparin study results were similar to the
nomogram studies, the IHI collaboration’s results were particularly susceptible to bias: publication
bias internally and in their hierarchical reported structure (with subordinates reporting study results to
their managers). The TPN study was also very positive: its intervention prevented many errors of
unclear significance.

To summarize (table 12b), the consistently favourable direction of these studies’ results
supports the value of drug protocols. However, in all of the studies data collection was suspect, none
included probabilistic analyses, all used pre/post designs, and all the studies of ADEs (and some of
the error studies) openly focused on reporting the most successful trials: the process of evidence-

gathering appears inadequate.
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249 Physician Education and Order Forms: the Evidence

Physician training and new order forms are intended to promote adherence to prescribing
standards. The cons of training are that its effects may be short-term, and poorly conceived education
may constitute a distraction or diminish morale.

Study Characteristics (n=10, Appedices M-Q !18:130:136-143y

Ten pre/post studies evaluated non-electronic interventions related to physician ordering: i.e.,
prescription-writing and order forms. Investigators’ outcome of interest was prescription quality. Of
the seven studies that targeted all orders, four evaluated education alone, PO136138143 1y evaluated the

combination of education with new prescription forms,"“*'*!

and one evaluated the phased
implementation of education first, and then a new form.'”

The three specialized interventions targeted nonsteroidal anti-inflammatory drugs (NSAIDs)
with education, and chemotherapy with new forms''® and education.'” They were not particularly
informative but seemed more meaningful lumped with ordering behaviour than with miscellaneous
quality improvement. The study of the implementation of a chemotherapy order form, facilitation of
information-sharing, and clarification of nurse and pharmacist responsibility was vague in its
methods, and came from a list of QI “successes” but used a form like the Gardulf study'* and an
error definition like Thorn.” The study of education for the prevention of NSAID-related
prescription errors seemed to aim for a reduction in overall use by emphasizing NSAID-related
AEs.'? Finally, a study evaluated the training of junior doctors about IV drugs. The characteristics
of the three groups of studies are presented separately, beginning with the physician education

studies.

Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables 13a-d)

Four of five studies showed improvements in prescription writing, of which two were statistically
significant (table 13a). One of the studies simply reported that eight of twelve error elements
improved and two deteriorated.'”® Two studies seemed similar enough to meta-analyse with regard to
order illegibility**"": their combined RD was 11 fewer illegible orders per 100 orders [95% CI: -
0.12, -0.10; Chi2 = 0.57 (P = 0.45), I> = 0%]. The studies’ relative risks of 0.36 and O were too
heterogeneous to combine (P < 0.00001, I2 = 95.7%).*1%". however, both the risk differences and
relative risks are qualitatively similar to a third (somewhat questionable) study’s point estimates of
the decreased risk of an illegible or non-standard order, which observed an RD of -0.13 per 100
prescriptions, and an RR of 0.35.

One study of incomplete orders found a decrease with education'”’ whereas two had unclear
results."**'* With respect to wrong-patient and wrong-dose errors the studies found no differences

but were underpowered.
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Physician education and New Prescription Form: Risk of Medication Error

As shown in table 13b, all three studies showed trends toward fewer missing or illegible
elements in prescriptions. One study was not internally valid in terms of its patient selection, its

141

error-definitions, or its error ascertainment methods ™ which left two useful studies. One study of a

new prescription form and education found a consistent trend toward less missing information (with

2/4 differences individually statistically significant).'”

Another which additionally involved new
legislation found an overall trend toward less missing or illegible information: in 3 different pre/post
samples, -36/100 orders, +4/ 100 orders, -20/ 100 orders. An attempt to meta-analyze these samples
was unsuccessful: P(< 0.00001), 2 = 98.7%, and 98.0%, respectively.

Specialized Physician Education or Forms: Risk of Medication Error (table 13¢)

The vague QI study of the implementation of a chemotherapy order form, education, etc
reported an elimination of potential errors per chemotherapy order: an RD of 1.7 fewer po/tential
errors per order.’® The result could be impressive if it were explained in greater detail: how it was
derived and what was observed. The study of education about NSAIDs results in fewer errors
overall: 6 fewer per 100 patients (95% CL: -21/100, 9/100)."** There was no difference in violations
(more serious errors); the difference was composed by the reduction in the rate of inadequacies.

Finally, the study of training junior doctors presented uncertain results: it claimed it started
with 6 errors per year and ended with 3 per year, but indirectly reported an overall rate of 8.2 per
year. The reporting suggests a problem: e.g., that temporal variation swamped the pre/post
observation; that the change in incident reporting form affected reporting; or that there was a mistake
in the report. ' ‘

Overall (table 13d), four of five studies of physician education suggested that physician
education may improve order quality. Two suggest potential decreases of twelve illegible orders per
100 prescriptions (with RRs of 0, 0.35, and 0.36). There was no clear effect on incomplete orders.
The two useful studies (see above) of combined education and order form change suggest a decrease
in missing information with improved order sheet. It is unclear to what degree these changes affect
medication delivery to patients, although presumably they are significant sources of the problem with
roughly 1% of prescriptions being unclear at the time of administration.'*

2.4.10 Verbal Orders: the Evidence

Verbally transmitted orders may disrupt pharmacy work processes and do not create a paper

trail but allow for direct order feedback.

Study Characteristics (n=2, Appendix P**!!%)

Two studies evaluated the accuracy of verbal orders: a pre/post study and a cohort study.*'"*

One compared order errors in verbal orders to nurses with orders written and, separately, with orders
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typed.”® These verbal orders were allowed only in restricted situations.®® The other study officially
restricted verbal orders to registered nurses: i.e., not clerical personnel.®

Verbal orders, Risk of Medication Error (see Appendix AF, Tables 14a-b)

In their restricted situations of use, verbal orders to nurses had fewer errors than written
(RD=-0.6/100) or typed orders (-0.3/ 100).® This may be a function of an inherent clarity of verbal
orders, nurse order correction and clarification, or selection bias due to restriction of verbal orders to
certain situations. The study of prohibiting telephone orders to clerical personnel found “no
difference’: no power calculations were reported. The study results (presented in table 14b) do not
prove the superiority or inferiority of verbal orders.

2.4.11 Double-check: the Evidence

Extra checks can screen out errors at any stage of drug distribution: they were applied here in
the sense of screening for slips and lapses, as the CDSS, nomogram, pharmacokinetic, and clinical
pharmacy studies addressed mistakes. Although extra checks reduce the potential for individual
mistakes, they may be time-consuming disrupt work processes, or even create a sense of
complacency.

Study Characteristics (n=7, Appendices Q, R!?%13%1435145-149,

The seven pre/post studies (including one time-series study) evaluated checks on the drug
distribution process. Three of the five single-intervention studies used incident report to assess a
second check in pharmacy on all drugs dispensed'®’; a move from a double- to a single-check by
nurses of drugs to be administered'*’; and a triple-verification system for chemotherapy alterations.'*
Another physically compared drawer fill to fill-lists to compare technician and pharmacist checks on
dispensing.'*’ The fifth assessed the formal medication reconciliation by doctors and nurses, one of
just two pilot studies reported of ten implemented."**'**

Two multi-faceted intervention studies also involved extra checks. One incorporated a

| technician check on order entry while also adding special delivery bins, and halving the allowable
ordér-entry time per person per day.'® The other was described above with the studies of the
electronic medication profile: it involved pharmacist order verification and use of a computer-edited .

list to dispense drugs.'®

Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables 15a, b)

All 7 studies reported fewer errors with their new interventions (table 15a). The differences
in two of the three dispensing assessments that physically ascertained dispensing errors were
statistically significant. One such assessment ’was unimodal."”’ The trained and selected technicians
outperformed pharmacists routinely checking doses dispensed. They allowed 0.2 fewer dose-errors

per 100 doses (95% CI: -0.26, -0.13), a 50% relative reduction, and made 0.023 fewer potentially
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serious errors in verification per 100 doses (RR=0.51, 95% CI: 0.23, 1.04), in a sample in which the
technicians prevented 21% fewer total errors but prevented the same number of potentially serious
errors.'”’

Three other unimodal assessments used incident reports, observed few events, and are
particularly susceptible to changes in voluntary reporting. The mandatory double-check in pharmacy
and new incident-report form were associated with one less incident report per 3 months: a 40%
relative decrease (CI na).'® Likewise, the triple-check chemo form was associated with 1 fewer
incident report per month (RR=0.10, CI na)."* Compared to the prior nurse double-check, the new
single check was associated with one fewer incident report per 7 months plus an unreported number
of errors related to the double-check of 8 drug classes (e.g., drugs requiring calculations).'*’

The formal medication reconciliation study tracked the rate of potential ADEs and ADEs
starting while implementing admission order reconciliation, and continuing through the
implementation of discharge medication reconciliation and formal registered nurse and pharmacist
signing. The rate of errors (potential ADEs and ADEs) appeared stable during the four weeks of
January when the intervention was being implemented, then declined about 50% three weeks later,
eventually to a mean of 70% lower than the month of admission drug reconciliation (-57% overall:
the sample size was not reported). There was no decline in charted errors after discharge
reconciliation, which makes sense, since there was no follow-up post discharge."**'**

The study of added technician checks, less pharmacist order entry per day, and special
delivery bins found 41% fewer dispensing discrepancies and 17% fewer missing-dose phone calls
(ClIs na).

Finally, as reported above, the Study of the extra pharmacist check and creation of a
computerized list for drug dispensing found a significant benefit in dispensing accuracy: 4.5 fewer
dispensing errors per 100 doses dispensed (95% CI of RD: -4.9, -4.1. RR=0.33), with especially
fewer omissions (-2.8/100) and excess doses (-1.4/100). Unfortunately the study evaluation favoured
computerization through its reference point for dispensing errors: post-computerization, the
computerized medication record, versus pre-intervention, the photocopy of the original prescription.
Data loss and other order transcription errors account for at least some of the benefit claimed for
cbmputerizatic)n of the record.

The firm conclusion from these studies of checks on drug distribution is that newly trained
and selected full-time technicians perform dispensing checks better than pharmacists in their normal
routine: the difference was not‘huge (0.2 per 100 doses)."”” The vagueness about the intervention’s
timing casts doubt on the otherwise promising decline in errors associated with admission drug

reconciliation. **'** The evaluations of single interventions observed too few events too poorly to
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draw conclusions (table 15a). One of the multifaceted interventions was suggestive of benefit but
biased'*’; in both, the contribution of each individual intervention is unclear.
2.4.12 Drug Distribution--Bed-proximal Drug Storage: the Evidence

Bed-proximal drug dispensing involves dispensing drugs closer to the patient’s location.

Study characteristics (n=3, Appendix S, 1513%151

Two cohort studies and a pre/post study evaluated bed-proximal drug storage and

118:150 5t

administration errors. There were two American studies and an Australian study”". Two cohort

studies presented quantitative results™*'>': the pre/post study did not.""® The Australian cohort used
active observation to compare bedside drug storage with “doorside” drug storage: the within-ward
comparison seemed good, with similar staff, patients, time, work environmental, and the same
pharmacy.”" Chart review informed the American study which compared “doorside” medication
storage to storage in medication carts.'*®

Bed-proximal Drug Distribution: Risk of Medication Error (see Appendix AF, Table 16a. )

The two cohort studies found error decreases with more bed-proximal drug storage.'*%**!

The third study, a pre/post study, found “no difference” (its power and methods of observation are

unknown).!'®

In the well-designed prospecﬁve study, the bed-side drug storage was associated with a
large reduction in administration errors compared with door-side storage: -10 per 100 doses (95% CI:
-15,0.1).""" Compared with storage on a medication cart, doorside medication storage was associated
with the elimination of retrospectively identified administration errors of commission: -0.13 per 100
doses (95% CI. -0.57, 1.6). Errors of omission seemed to decrease by about 1 or 2 doses per 100."*
Of note, the Australian hospital which estimated the 10% decrease in administration errors did not
adopt the bedside system since the space was too cramped for nurses.

In summary (table 16f), the most valid -seeming study estimated a relatively large decrease
of 10 administration errors per 100 doses; the others were more neutral. No study of bed-proximal
dispensing was informative about adverse events: in the bed-side medication study, neither arm
involved adverse events that led to medical intervention; the approach to the doorside did not
comment at all on ADEs. Space may be an issue in implementing bedside dispensing.

2.4.13 Drug Distribution--Unit-dose systems: the Evidence

Unit-dose systems distribute drugs in short-term, labeled, unit-of-use packages ready to be
administered by the nurse from a patient specific bin. Unit-dosing eliminates the need for a nurse to
select a medication from the floor stock or from the patient specific bottle (as in individual
Prescription): a pharmacist, pharmacy technician, or automated dispensing device performs the task

instead.
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Study characteristics (n=5, Appendix T **'%)

The characteristics of the five studies of unit-dosing (two pre/post, three cohort) are

152,153

presented below. Two pre/post studies evaluated administration errors. One counted incident

reports with a modified unit-dose system for controlled drugs'™; the other used disguised observers to
compare ward stock to a centralized unit-dosing for all drugs. No study captured ADEs.

The 3 cohort studies involved as co-interventions automated tools to facilitate dispensing.">*
1% They counted deviations from prescriptions: at the dispensing stage in matched psychiatric
wards'*
UKISS).
Drug Distribution: Unit-dose vs. Ward-stock. Risk of Medication Error and Adverse Drug Events

(see Appendix AF, Tables 16b, ¢, )

and at the administration stage in international comparisons (US vs. UK'* and GER vs.

All five studies found statistically significantly fewer errors with drugs dispensed as unit
doses (table 16b). The 2 pre/post studies of unit-dosing were consistent: meta-analysed, they showed
a 39% decrease in administration errors (RR=0.61 (0.47, 0.79), Chi? = 0.05, df = 1 (P = 0.83)):
estimated through direct observation, 1.3 fewer errors per 100 doses, including 2.3 fewer wrong-dose

and 2 fewer expired dose errors, and 1 more wrong-time error /100 doses."*

All six inventory
_ management errors decreased more than 50%: overall, they decreased 71%. The pre/post study of
unit-dosing for controlled substances '* described potential externalities. Conéurrent with the
decrease in controlled-substance errors was a significant increase in error in the pre-existing unit-dose
system for non-controlled substances (RR=1.4 (1.13, 1.7)), which drove an increase in the overall
error rate (RR=1.24 (1.02, 1.5)). Finally, of note is that O'Brodovich found qualitatively results with
different reporting methods, which adds some uncertainty.'**

On the whole, the 3 cohort studies of unit-dosing were less useful to this evaluation (table
16¢). They found larger, statistically significant error-decreases with unit-dosing: RRs of 0.086, 0.44,
and 0.47; RDs/100 doses of -1.3, -3.8, and -2.7. The French study of psychiatric wards found the
smallest RR, 0.086, and the smaller RD, -1.3, associated with the dispensing stage: the errors
prevented were usually omissions (RD=-0.9) or extra doses (RD=-0.5), normally of intermediate
importance (RD=-0.78/100) but often serious (RD of -0.25/100). Unfortunately, the uniqueness of
the unit-dosing technology and of the ward-stock comparator limit study generalizability to North
America. Internal validity is a major concern in the international comparisons which limits their
utility as technology evaluations (the evaluation of the German traditional system was excluded since
its error outcome was not comparable'>),
The evidence for unit-dosing (table 16f) derives support from the consistency of the five

studies that evaluated it, the consistency of the two pre/post study results, and the basic
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reasonableness of the Canadian pre/post study'>’

and the French cohort study (whose RDs were about

-1.3 errors per 100 doses: largely wrong doses, wrong timés, and omissions). The studies have

155;156 154

unique limitations, however: two have poor comparability, one questionable generalizability,
and another incident reporting.'* |

One study raised questions about potential extema\lities,l52 a concern in many of the studies
that went unaddressed in the majority. It found 3.4 more errors per 100 doses not dispensed through
the expanded unit-dose system (95% CI: 0.0120, 0.056); as a result, the overall error rate increased
by 2.3 per 100 doses (95% CIL: 0.0023, 0.04), in spite of the 9 per 100 decrease among doses switched
to unit dosing.
2.4.14 Drug Distribution--Decentralized Pharmacy: the Evidence

A decentralized pharmacy involves core pharmacy drug dispensing functions taking place
outside of the central pharmacy. Potential advantages include timeliness and pharmacist
specialization (i.e., familiarity with local needs); potential disadvantages relate to the complexity of
managing satellite pharmacies.

Study characteristics (n=3, Appendix U 15%

The two studies which gathered data on miscellaneous drug errors from whole 300-400 bed
hospitals used incident report; the other study of preoperative drug administration in the OR did not
declare what it used. There was a retrospective cohort study of a decentralized pharmacy versus
centralized unit-dosing; a sparse time-series study of a roving pharmacist compared to traditional,
centralized pharmacy services; and study of a pharmacist order review to dispense preoperative drugs
from a mobile cart. |

Decentralized Services, Risk of Medication Error (see Appendix AF, Table 16d, 1)

None of the study results were particularly robust (table 16d). Compared with a centralized
pharmacy, a roving pharmacist was associated with 42% fewer incident reports (95% CI: 0.48, 0.70);
the absolute reduction is unclear due to the use of incident report. On the one hand, the suggested
consistency of non-medication incidents supports this indicator of the study’s validity; however, the
new system of transcription and checks may conceivably have changed the sensitivity of incident
reporting. Compared with a unit-dose system, the error rate with decentralized pharmacy services
was unclear. Finally, there was a trend toward pharmacist order review facilitating the delivery of
preoperative drugs at the appropriate time.

Drug Distribution, Satellite + Bedside, the Evidence'®
Finally, there was a cross-over study of administration errors with satellite pharmacy plus

bedside dispensing versus ward stock and traditional dispensing.'® The study used nurse volunteers.

See Appendix V for more details of the study characteristics.
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The study found a large decrease in administration errors (there is no stand-alone table for
this one study). Non-timing administration errors decreased by 8.5 per 100 dose-opportunities (95%
CI: -12, -5); the corresponding relative risk was 0.22 (95% CI: 0.12, 0.40). Prevented errors were
primarily wrong dose (-3.7%), documentation (-2.4%), and omission (-1.2%) errors. Time in motion
studies found that the system was more labour-intensive. The study seems to add support to the
evidence for bedside dispensing, and a little for satellite pharmacy, although the unmeasured
interaction terms limits the interpretation of this cross-over study.
2.4.15 Drug Distribution--Automated dispensing: the Evidence

Automated dispensing devices package and label drugs in unit-of-use packages, based on
computerized medication profiles. Two examples include the Baxter ATC-212, which usually is
located centrally at the pharmacy, and the Pyxis Medstation Rx, which is desighed to dispense
medication directly to nurses, peripherally, at the “point of use.” The machines’ intent is to prevent
dispensing errors and decrease the human resource requirements of dispensing.

Study Characteristics (n=6, Appendix W5:161-16%)

Six studies (5 pre/post, 1 cohort) at five American teaching hospitals evaluated two
companies’ automated dispensing systems: the Pyxis Medstation Rx and the Baxter ATC212.56:161-165
Three studies (2 pre/post, 1 cohort) directly measured dispensing errors (cart-filling accuracy).'®""'¢*
Another study addressed dispensing omissions (and overall incidents poorly).'®* The last two studies
evaluated overall medication administration accuracy®'® All the machines’were new. No study
disclosed its funding source, except the Beta-test (which iinplicitly suggested one).'*

Automated Dispensing: Risk of Medication Error (see Appendix AF, Tables 16e, f)

In all six studies, automated dispensing was associated with decreases in medication errors
(none evaluated ADEs): two of the three with calculable 95% Cls were statistically significant (table
16e).

The Baxter and Medstation pre/post evaluations estimated similar dispensing-error
reductions: RRs of 0.78 (95% CI of (0.46, 1.3)) and 0.69 (na), and RDs of -0.19/100 doses and -0.28/
100 doses.'$"'? The Baxter evaluation was the cleaner of the two. “Incorrect strength, right drug”
errors accounted for 75% of its RD.'®! The Medstation study had problems. Its comparability rested
on the faulty assumption that the Medstation’s automated dispensing function is error-free; also, it
tested efficacy in ignoring the automated system’s manually dispensed doses.'®> The Baxter cohort
study estimated the greatest reduction in dispensing error but was the least informative: for it
described errors caught routinely (i.e., not passed along) in an efficacy study with a control arm more

susceptible to error (as the control involved less familiar, less common drugs).
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A direct-observation study of Pyxis in medication administration ' found a striking
reduction in medication administration errors due to errors in dispénsing and administration:
RR=0.62 (95% CI of RR: 0.48, 0.78); RD=-6.5 / 100 doses (95% CI of RD: -9.7, -3.3), however, the
potentially reactive study measure is a confounder. Most of the RD observed through direct
observation of administration arose from wrong-time errors (-3.0/100), omissions (-2.0/100), and
"other" errors (-1.3/100); “unauthorized drug, extra dose, wrong-dose, rate, or preparation” errors
together contributed -0.17/ 100. One study’s review of the nurse’s log also found reductions in
dispensing omissions per day (an average RR of 0.3 on its two units, or an average of 0.38 fewer per
patient-day'®*) and another found a shorter main wait for the first dose.'®

Two (less error-sensitive) studies of incident reports and unclear methods®*'% estimated
relatively smaller but quantitatively uncertain benefits (the methods of one were particularly
problematic'®).

To summarize (table 16f), one reasonable pre/post study and two biased efficacy studies
showed decreases in dispensing errors with automated dispensing, on the order of about 0.2 fewer
/100 doses. Three observational studies suggested reductions in administration errors: the estimate
which was quantitatively precise, statistically significant, but confounded suggested a large benefit (-
6.5 errors/ 100 doses) related mostly to wrong-time and omission errors (which the dispensing studies

did not measure).
2.4.16 E-medication profile: the Evidence

Electronic medication record creation and linkage allows for remote and multiple access of a
given patient’s medication record, potentially preventing erroneous order interpretation, or order
handoffs (e.g., transcription). Computerization may facilitate the integration of fhe two to improve
order communication; however, issues around data access and modification are important to resolve.

Study Characteristics (n=4, Appendix X 44149:166:167)

Four pre/post studies, including one with interrupted time-series data, evaluated the creation
and linkage of electronic-medication profiles: three studies evaluated record linkage'**'**'*” and the
other an electronic pharmacy medication profile.'* _

The two single-intervention evaluations were American. One counted incident reports of all
medication errors which occurred in the 2 years before and after implementing a nursé— and

pharmacist-shared computerized MAR.'%

Another was an Ohio University Health System-funded
audit of order transcription errors which occurred with and without the linkage of CPOE to the
MAR.'"" A British hospital assessed a Medichain-supplied, linked electronic system of CPOE,
CDSS, electronic nursing MAR, point-of-use automated dispensing, and bar-coding for

administration.'** Finally, a Spanish study which was also counted under double-check protocols
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assessed a computerized MAR in conjunction with an additional pharmacist check on orders.'*
Sampled follow-up periods ranged from 1-12 months, in the early 1990s.
Results (see Appendix AF, Tables 17a,b)

All four studies’ interventions were associated with decreases in medication errors (none
evaluated ADEs): the three with calculable 95% Cls were all statistically significant (see table 17a).

Two of three studies of electronic record linkage evaluated order communication directly.
Both addressed record linkage to CPOE. Both claimed that the linkages eliminated the linkage-
related order communication errors."“'®" Compared to an unlinked manual MAR and CPOE, the
linkage of an eMAR to CPOE was associated with the statistically significant elimination of 11.3 per
100 order trans&iption errors (RR=0, 95% CI: 0, 0.05), including 4.6/100 orders not transcribed and
3.5/100 wrongly transcribed. The major uncertainty specific to this study relates to lack of reporting
on the process of the audit of the eMAR. The other study of order comn{unication, company-
sponsored, found that CPOE linked to a portable nursing eMAR eliminated the 1% of prescriptions
otherwise illegible or unclear in their instructions at the time of administration. These vague
prescriptions may result in omissions, wrong-time errors, and other errors of commission.

'The third study of record linkage presented incident-reported errors arising out of a shared
eMAR. It found fewer errors while using a shared nursing and pharmacy eMAR: RR=0.6, p<0.0001.
In particular, minor errors seemed to decline: the RR of wrong med dispensed not administered was
0.50, and the RR of wrong time was 0.46, versus an RR of 1 for wrong drug administered and
duplicate meds. The time-series data demonstrated a consistent, gradual decrease in the error rate
with time.

The fourth study evaluated the pharmacy’s creation and use of a computerized list for the
purpose of drug dispensing. Besides potentially facilitating the use of the medication profile, the
intervention involved an extra occasion for the pharmacist to review the order. The study found a
significant benefit in dispensing accuracy: 4.5 fewer dispensing errors per 100 doses dispensed (95%
CIL: 4.9, -4.1. RR=0.33), with especially fewer omissions (-2.8/100) and excess doses (-1.4/100).
Unfortunately, as discusséd with regard to double-check protocols, the study evaluation favoured
- computerization through its reference point for dispensing errors, by assuming zero transcription
errors in the computerized group.

In summary (table 17b), two pre/post studies (one with unclear methods'%") reported
significant benefits with regard to order communication: -11.3 /100 transcription orders (statistically
significant) and -1% of prescriptions unclear.**'” Two others are suggestive of benefits, which

were statistically significant but less certain due to study design weaknesses.'**"1%
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2.4.17 Bar-coding: the Evidence

Bar-coding adds a verification step for drug dispensing or drug administration. Bar-coding
applied to a medication package may facilitate the verification of a medication’s appropriateness
during the dispensing and administration stages. During drug administration, bar-coding of the
patient (e.g., wristband) may help verify the appropriateness of the medication to the patient.
Study Characteristics (n=2, Appendix Y "%

Two American studies assessed the impact of bar-code systems alone: one for drug dispensing,'® and
one for drug administration.'® The evaluation of bar-coding for drug dispensing (bar-coded unit
doses and drug cassettes) checked medication cassettes against the computer medication profile at a
satellite pharmacy.'®® The evaluation of bar-coding used incident report pre-intervention, and
incident report plus the bar-code system’s automatic log post-intervention; thus, the study comparison
- was unbalanced. Other studies evaluated bar-coding in concert with other technologies and thus were
treated as multi-faceted interventions.

Bar-coding, Risk of Medication Error (see Appendix AF, Tables 18a. b)

Bar-coding for dispensing was associated with the elimination of dispensing errors: i.c., the
elimination of the 0.38 dispensing errors per 100 doses allowed by the first pharmacist’s check (95%
CL -0.46, -0.30).' The investigators who used more sensitive error-detection methods in the arm
with bar-coding for drug administration observed a non-statistically significant increase in
discrepancies per dose: +2x10° (95% CI. -3.9 *107, 7.9%10”°), RR=1.1.

2.4.18 Highly Automated Drug-distribution: the Evidence

Due to alterations in user/machine interfaces, integrated, highly automated drug distribution
systems may function differently from single-technology interventions and are discussed here. For
example, the functionality of bar-coding for checks on drug administration might change if it is
linked directly to CPOE, as opposed to a manually entered pharmacy MAR.

Study Characteristics (n=4, Appendix Z>*1"%172)

There were four pre/post studies of installing integrated, highly automated drug-distribution
technologies: with eMARs, and bar-coding for drug administration in all four,*'*'*"> CPOE in
three, """ CDSS in three **'"%'"? and maybe a fourth,'”" and automated dispensing in one'* (
“maybe” CDSS in one Clinicare study because the other Clinicare system included CDSS and the
study reporting is questionable). The element of bar-coding for drug administration is of particular
interest due to the absence of comparative evidence assessing bar-coding for drug administration
alone.

Almond et al came closest to suggesting a funding source: Medichain invited them to test the

system and provided constant technical support.'* The study used direct observation on a medical
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ward to identify omissions and instructions unclear at administration (instructions unclear at
administration were addressed under “e-medication profile”).

The three other studies used incident report, which can be particularly limited in these studies
due to their institution of electronically linked records (with fewer checks). The VA hospital study
instituted automated dispensing but no CPOE: it evaluated pharmacy and nursing errors.*'"* The last
two studies measured drug errors broadly with “Clinicare by Clinicom: i.e., CPOE, eMAR, and bar-
coding for administration, with CDSS mentioned in one'”° but not the other whose co-intervention
was hospital downsizing.'”"

Highly Automated Drug Distribution: Risk of Medication Errors (see Appendix AF, Tables 19a. b)

After instituting eMAR, bar-coding for admission, and automated dispensing, there were 5.4
fewer dispensing omissions per dose (95% CI = -7.9, -2.9; RR=0.46). As mentioned with e-
medication profiles, the 1% of order illegible or unclear at administration were eliminated (CI na).

The studies of incident reports had varied results. The VA system observed a statistically
significant and large relative reduction in errors (RR=0.36; 95% CI=0.27, 0.47); however, the
absolute difference was small (RD=-0.014 per 100 doses), nine times smaller than the positive
Clinicare study (RD=-0.12/ 100 doses, CI na) but with a similar relative risk (RR=0.29). The
Clinicare studies were also contradictory. Whereas the Clinicare study with the interim downsizing
found no difference (RR=1,‘CI na), the aforementioned Clinicare study which mentioned CDSS
found a decrease per 1000 doses of 1 deviation from the original prescription, and 1.2 deviations
from pharmacy and nursing standards.””®"”" The latter decrease includes 47% fewer transcription
errors (potentially attributable to electronically linked records), 43% fewer wrong-time and 52%
fewer omissions (potentially attributable to CPOE, nurse eMAR printouts and alerts), and 33% fewer
wrong-drug and “no change” in wrong-dose errors (potentially attributable to bar-coding and
secondarily CDSS).

The studies also mentioned undesired effects which may be relevant to error. All three
implementations mentioned that clinicians found technology use difficult in some way: e.g., in terms

of time,s‘m;m

a steep learning curve,'” less of dosing flexibility, and a loss of doctor-nurse
coordination.'” »

To summarize (table 19b), three of four studies suggested benefits with integrated electronic
dispensing technologies; one was neutral but limited by its interim downsizing (and reliance on
incident report). The Medichain system of linked CPOE, eMAR, bar-coding for admin, and CDSS
reported 5.4 fewer dispensing omissions per dose (95% CI = -7.9, -2.9; RR=0.46), and 1% fewer
orders illegible or unclear at administration. Collectively, the three other studies suggested likely

technology-associated decreases in pharmacy and nursing medication errors by an uncertain amount.
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A concern is that clinician’s difficulties with technology use may have negative global effects which
went unmeasured.
2.4.19 Self Administered Medication (SAM): the Evidence
Patients and their care partners can “self-administer” medication (instead of nurses).
Study Characteristics (n=2, Appendix AA'™'™)

Two American hospital units from ‘90s provided evaluations of self-medication programs:
one, a post-partum unit,'’* and another, a unique Cooperative Care acute-care unit in which a family

member or friend lives with the patient.'”

In the pre/post study of the post-partum unit, SAM.
involved educating capable patients to use a standardized SAM packet, as opposed to ward-stock
pharmacy for a variety of medication regimes. In the cohort study of Cooperative Care versus the
rest of the acute-care teaching hospital, the SAM intervention involved educating patients and their
care partners to administer their medications themselves prior to discharge.

Self-administered Medication: Risk of Medication Error (see Appendix AF, Tables 20a, b)

Both studies’ control groups were limited in their comparability, and found reductions in
medication errors with SAM. In one study, the “pre” system changed from offering many
customized medication plans to a “post” system with a small number of standardized medications.'”
Decreased narcotic use is another confounder, but surveyed women were satisfied.'™ Post-partum
SAM was associated with relative risk of oral medication error of 0.25, for a risk difference of -
0.11/pt (5/33 vs. 2/53 patients).'™

In the other study, the self-administration group had one-quarter the number of prescriptions
and was selected for its ability to self-medicate; also, the use of incident report may be sensitive to
the altered care process."”> Medication administration by patient and care partner was associatéd with
statistically significantly fewer incident reports per order: a relative risk of 0.76 (95% CI of 0.61,
0.95), or 1 fewer medication incident report per 100 discharges.

Together (table 20b), the studies suggest a potentially smaller risk of medication error with
SAM of an uncertain magnitude; however, the studies have serious limitations.

2.4.20 Drug Administration Modifications: the Evidence

Nurse-led drug administration can vary in its use of personnel, level of personnel training,
and administration records. For example, nurses can distribute responsibility for drug administration,
or allocate the task to specialized drug-administration personnel. Another example is the comparison
of registered nurses with nurse technicians.

Study Characteristics (n=7, Appendix AB!/%176-180

There were 7 single-intervention studies of drug administration''®'7®’; 4 pre/post studies, 2

cohorts, and a two-group RCT. One paper described a cohort study and a pre/post study to compare
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administration-error rates with a designated medication nurse and nurses administering medication
for each of their patients.'” A two-group randomized crossover study compared two nurses
administering niedication to one single RN: only the period before the crossover was incorporated
into this review."”” A biased cohort study compared unlicensed medication administration
technicians’ day- and night-time error rate to RNs’ nighttime error rate. There was an evaluation of
an IV training module.'” Finally, two studies addressed changes to records of medication |
administration. A pre/post study addressed special transcription procedures to avoid potential
misinterpretation of the MAR.""® A study early and late in a returned-dose monitoring program
‘counted returned doses.'*’

Drug Administration Modifications: Risk of Medication Error (see Appendix AF, Tables 20a, b)

The studies of alterations to systems of drug administration were inconclusive. Table 20a
describes them in greater detail. The cohort study of a designated (primary) medication nurse
observed 42% fewer errors with the primary model (RR=0.48, 95% CI: 0.37, 0.63); however, the
reliance on incident reports made the RD small (9 fewer administration errors per 10000 doses).
Conversely, the pre/post/post study found an initial 130% increase in error during year one with the
primary model (95% CI: 40%, 290%), followed by a 10% increase over year O during year 2 (95%
CIL: -40%, +100%); the risk differences were similarly small (5.5 per 10000 doses administered, and 5
per 100 000). The pre/post study may be a more reliable than the cohort study since it used the MAR
to identify errors and the cohort study cohorts were very different. Essentially, however, the
evidence on primary versus functional models is null. Likewise, the study of adding a second nurse
for drug administration found a statistically significant decrease in administration errors, totally
driven by instances of “no signature [written on MAR]}/drug omitted”: a relative risk of 0.67 (95% CI:
0.48, 0.94) and a risk decrease of 0.13 per 100 doses. The insensitive recording methods and
potential confounding of records with practice (where a second nurse might record) make these
results very limited. With the minimal description of study methods and the sample size unreported,
the reported 60% reduction in potential misinterpretations of the MAR with special transcription
procedures is also difficult to interpret.''®

Three studies were somewhat more informative. A cohort study of administration errors with
unlicensed personnel found a very small relative risk of errors of omission, 0.094 (95% CI of RR:
0.03, 0.31. RD=-1.0/100 doses) and wrong time, 0.20 (95% CI of RR: -0.07, -0.6; RD=-0.6/100
doses)'™®; however, the comparison was like night (RN administration time) and day (unlicensed
personnel administered day and night, but most drug administration takes place during the day), and
confounded by who was associated with the incident reports. The results are promising but warrant

further investigation. The IV training module was associated with a gradual decrease in error over
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time: omissions dropped, while wrong-dose and other errors remained constant.'” The cause may
have been increased vigilance due to training, as the investigators suggested, but they did not rule out
other causes of temporal variation such as decreased sensitivity of incident reporting over time.

Finally, the 64% reduction in dose returns with the returned-dose log was statistically
significant, representing 0.7 fewer dose returns per 100 doses (95%CI: -0.8/100, -0.6/100)."*° The
overall impact of the intervention is unclear, however, due to uncertainty about the balance of the
inferable decreases in dispensing duplications and administration omissions, and the balance of costs
of increased personnel time and decreased drug waste: the decrease in dose-returns certainly was
much greater than the decrease in administration omissions with the implementation of returned-dose
reminders and the overcoming of supply shortages (RR of 0.71, 95% CI: 0.5, 0.9).

To summarize (table 20b), the evidence for preventing administration errors through system
modification is inconclusive.
2.4.21 Unique, Miscellaneous, Single Interventions: the Evidence

Some interventions were simply unique and hard to classify.

Study Characteristics (n=4, Appendix AC'8!18%)

Four pre/post studies were unique and unexpected. One, which took place during one
semester, evaluated a new house-officer schedule with dedicated night teams, in a hospital with low
night volume allowing fewer night shifts (10% of admissions from 10pm — 8am)."® One used
incident report to evaluate error-based performance evaluations.'®” One studied a multifaceted
change to a “Byzantine” heparin ordering and documentation process,'® and the last an outsourcing
of substandard in-house IV admixture compounding.

Unique Interventions: Risk of Medication Error and Adverse Drug Events (see Appendix AF, Tables
22a.b)

The schedule with dedicated night teams was associated with 4.9 fewer potentially serious

physician drug error per 100 patients discharged (95% CI n/a), an RR of 0.71; and 0.37 fewer
potentially serious drug errors per discharge drug order (95% CI: -2/100, 0.9). The night team were
associated also with a statistically insignificant 1% absolute decrease in in-hospital mortality (95%
CIL: -6%, 4%), an 18% relative decrease. Potential mediators of improvement included more patients
being admitted on short-call (60% vs. 20%), and less acute sleep deprivation (mean sleep post-long
call: 4.3 vs. 2.3 hours). Serious potential confounders include the 20% shorter mean LOS (which
could be a cause or a consequence), and increased intern and resident experience during the academic
term. It is unclear how many prescribing errors actually reached the patients.

The study which emphasized personal responsibility for incident reports of dispensing errors

found 14 fewer dispensing errors per month for 964 beds (95% CI na), otherwise expressed as a 70%
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decrease. The problem with this study which makes it unconvincing is the likely dependence of
measurement sensitivity on the intervention.

Two studies suggested relationships that seem intuitive.'®"®* There was a study of
outsourcing the IV admixture compounding service, from a facility that did not meet American
Society of Hospital Pharmacist guidelines and experienced space and IV supply shortages, to an
external supplier with a contract contingent on the study results; the intervention also involved adding
technician reminders to nurses of missed doses.** The study found a statistically significant decrease
of 1.1 administration omissions per 100 doses (95% CI: -2/100, -0.19/100). The take-home message
seems to be that carefully conceived performance-based outsourcing can (in the short-term)
outperform substandard local facilities. Finally, a study that did not explain its data collection
methods reported that simplification of earlier “Byzantine” heparin-ordering procedures reduced
heparin order errors by 73%, or 0.59 per month (95% CI unknown).'®®
2.4.22 Multi-faceted and Continuous Quality Improvement (CQI) Interventions: the Evidence

CQI studies involve a measurement, a collective response to the measurement (generally
multi-faceted), and a re-assessment. Multi-faceted interventions involve several system changes that
cannot be assessed in isolation.

Study Characteristics (n=12, Appendix AD *279/131-133:185-194,

12 studies fell into the multifaceted or CQI framework, primarily by default. The studies in
this category were heterogeneous, except that they all used a pre/post or other time-series design.

The main strength of these studies was that they appeared to frequently involve whole

132;133;185-189;191;193;194

hospitals as opposed to single wards'™ or sets of patients.”'*> One study

involved 1 intervention,'® four studies had 3-5 interventions,19°'192 five had 6 or

132;133;186;187,189,193;194

more, and three were unclear about the number of interventions.”*”*'*® Common

132;133;187;191-194 189-191;193;194

categories of intervention were automation (n=5),

education (n=5), and

standardization (n=4)."**13%18"-

79;132;133;187;192

18 Outcome ascertainment was through chart review (n=3),

incident report (n=3),2%18%1%

194

n=3)’185;186;188

variations on self-report ( pharmacy log

review (n=1),"* and undeclared methods (n=2)."*%!*! Three studies were related to multi-hospital

collaborations, 13213%18¢-188

Results (see Appendix AF, Table 23a, b)

Of three studies of multi-hospital initiatives, two studies summarized the results of the
Institute for Healthcare Improvement (THI) collaboration."**'**'®187 The main report summarized
the initiatives of 22 teams in the 27 participating hospitals. The study counted medication errors
averted by 17 projects: mostly heparin-related (n=7), or warfarin-related (n=4), but also (1 each)

related to chemotherapy, electrolytes, IV administration, IV solutions, medication and allergy
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verification, narcotics, and polypharmacy. Relying on the various implementing teams’ progress
reports to their supervisors, the investigators found that the teams had averted 1513 errors in 13
months (excluding teams which censored error increases), an average of 17 per hospital per month,
and a median of 6.5 per month."*® One of the THI hospitals reported separately on chart reviews of
errors'>° or potential ADEs and ADEs'®" per dose: it found a decrease of 0.52 per 100 doses during a
3-year period of promoting a safety culture with new employees, standardization, automation, and 11
targeted interventions.**"**'% Finally, a 13-hospital collaboration reported on the results of a survey
given to hospital-participants who had implemented several initiatives, and found that the
representatives were statistically significantly less likely to have observed any medication error in the
previous week (RD=-0.055, 95% CI = -0.09, -0.022; RR=0.73), and more likely to report that the
error did not reach the patient (RD=0.06, 95% CI=0.013, 0.12; RR=1.12).'%

There were two relatively non-diffuse multidimensional intervention studies. The drug-
administration study which introduced new multiskilled (non-professional) workers, and new
architecture (including bed-proximal dispensing) to a newly demarcated unit found 3.1 fewer
medication errors per month (RR=0.44, CI na), using undeclared error-ascertainment methods.'*®
This difference is much smaller than that observed than in single-intervention studies of unlicensed
drug-administration personnel ' bed-proximal dispensing, but given the likely insensitivity of this
study’s'™ measurement and cointerventions (e. g., new employees), this study sheds very little light.

The study of morphine-treated NICU patients found 2 fewer adverse reactions to morphine
reported every 3 months following the introduction of CPOE and CDSS (CI na); sedation assessment
forms for n}lrsing; and mandatory endotracheal intubation before ophthalmic cryo-surgery.'”

There were three studies of hospital-level interventions that only fit within the CQI category:
they all involved measurements and responses at some level. "' Compared to year 1 of a
program of medication-error committee meetings and recommendations, year two of the program
saw 47 fewer incident-reported errors, of which 33 were serious and one was an “actual” error—i.e.,
which reached the patient (CI n/a).”? The LDS hospital did not explain how it achieved a statistically
significant decrease of 35 errors per 100 deep sternal or mediastinal infections. (95% CI=-58/100, -
13/100) The last study involved clinical pharmacists attempting to meet their targeted standards for
percent-acceptance of their intervention, then analysing and reviewed their success three times:
overall, the exercise statistically significantly decreased the chance of their interventions not being
rated as preventing a serious error by 9 per 100 interventions (95% CI=-0.15, -0.226; RR=0.90).

Also, percent-acceptance of interventions increased.'® |
There were four studies of broad, multidimensional interventions within hospitals.'**°:19%194

Standardization of medication administration times, education, new drug labels, managerial studies,
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and a managerial push to improve delivery times was associated with a 20% relative decrease in
incident-reported deviations from charted prescriptions, particularly among wrong-time orders.'®
Automated dispensing, standardization or administration times, reminders, structured
communications, new charting documents, and new dispensing areas were associated with a 7 fewer
errors in documentation per 100 patient-days (CI n/a)."”!

Last among broad, multidimensional intervention studies are the two of 23 and 22 system
changes implemented over (long) 4- and 6-year periods, respectively.”*'** A major limitation of
both of these studies is the lack of clarity of the relative timing of implementation periods and
observation periods, which limits the reports’ abilities to associate interventions with event rates.
The former study, Pfizer-sponsored, found relative rates of 23% fewer prescribing errors and 53%
fewer serious prescribing errors in the pharmacy log(CIs n/a).””* The other study, at Sick Kids
(Toronto), analyzed incident reports as a time-series.'”> Between 1992 and 1998, there was a 46%
decrease in “actual” incident-reported errors per year (RD=458; CI na). No stable baseline measure
was taken, but there was a continuous decrease until about 1995/1996, and then a plateau. Relative
risks of errors subdivided by severity were similar; actual plus potential errors among nurses,

pharmacist, and physicians all declined (in that order of RDs). The consistency of the decline of
| several types of errors adds some weight to causal inference.

This heterogeneous group of studies of complex interventions does not lend itself to
definitive conclusions, particularly given the studies’ methodological limitations (see Tables 23a, b).
All the studies showed some benefit: nine in terms of error 2271868819191, (0 ih terms of
potential ADEs and ADEs or errors"*2'***¥”; one in terms of adverse reactions to morphine,’%; and
one in terms of the clinical significance of pharmacist interventions.”®> One hospital seemed quite
successful in the prevention of series errors; however, it was quite vulnerable to threats to validity
(e.g., it lacked a stable baseline measure) and it is unclear how one could go about replicating it.
BEIBAET Other broadly oriented intervention studies found appreciable relative benefits but small risk
differences, which makes the significance of the results questionable (although promising to many
authors). As a default category, the CQI category was too depleted to lend itself to any inferences.
None of this set of multifaceted or CQI studies was conducted in a manner that explained the
effectiveness of a particular technology or system.

2.4.23 Failure Mode Analysis and Root Cause Analysis: the Evidence

Failure Mode Analysis and Root Cause Analysis are two formal analytic methods which can

guide multifaceted interventions. Failure mode analysis involves identifying potential errors in each

of a process’s steps, assessing the likelihood of those errors, and determining their likely
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consequences,”® whereas root cause analysis involves the retrospective identification and assessment
of factors which may have contributed to important events.”

Study Characteristics (n=2, Appendix AE %)

Two pre/post studies employed formal analytic methods to guide multifaceted
interventions.®® In a study which took place in a 30-bed ward , Failure Mode and effects Analysis
(FMA) suggested the following changes: standard medication administration times, the use of
medication protocols, removal of unrequired medication from the drug trolley, and provision of a

current drug reference.'”

Another study at a 1arge hospital involved root-cause analysis guiding the
implementation of 22 system changes: e.g., the availability of a clinical pharmacist, floor-stock
limits, computerized weight-based dose checks, and dual dose calculation by nurses.*® Both studies
relied on incident report: to identify errors'®® and to identify “actual,” potential, and fatal ADEs.

Results (see Appendix AF, Tables 24a, b)

The study of FMA with administration standardization found 1 fewer error per 100 doses
(RR=0.69, Cl=n/a).'"”> The observed error reduction was largely due to omissions and wrong-time
errors, although errors declined consistently across categories (25% relative decrease in non-omission
nor wrong-time errors, per day). The study of RCA for ADE prevention found a statistically
insignificant decrease in ADEs: 3 fewer per 10000 patient-days, a relative reduction of 60%.”” The
study was prompted by the events of the first month, which, if excluded, yield a relative reduction of
35%, representing 3.8 fewer potential and actual ADEs per year.

These studies’ limitations relate to the problems with incident report. For example, in the
FMA study the stimulated incident report may have been a reactive measure, and both measurement
techniques were clearly insensitive. In the FMA study, the risk difference of 1% per dose may have
been large, considering that it was based on incident report, and the relative reduction was
appreciable, but it is difficult to extrapolate from relative associations in errors observed to absolute
reductions in errors prevented. Likewise, the RCA study involved increasing the availability of
clinical pharmacists: if the other 21 system changes were neutral, the clinical pharmacist studies
would suggest larger absolute ADE reductions than were observed in the RCA study.”® To
summarize, the studies were too insensitive yet complex to be conclusive, other than to offer a

suggestion of a potentially favourable effect.

52



2.5 Discussion
251 Final Summary

This review does not simply subdivide the evidence and address it on a technology-by-
technology basis. This review takes advantage of its broad scope and internal consistency to globally
assess the many technologies available to help prevent medication error and adverse drug events.

To summarize, the limitations of the evidence add uncertainty to recommendations about
technology use. Based on the evidence gathered in the review, it seems that the most promising
technology for current application is the clinical pharmacist, followed by CDSS for CPOE in
advanced applications. The evidence for pharmacokinetic dosing and nomograms is also quite
suggestive about avoiding ADEs. The next most promising group of technologies included electronic
medication record linkage, bed-side drug dispensing, physician education about prescription-writing,
and unit-dose systems—with automated dispensing, CDSS for dispensing calculations, and dedicated
night officer teams perhaps a notch below. The technologies with the least promising evidence were
as follows: CPOE, computerized pumps, standard drug protocols, verbal orders, self-administration,
double-check, decentralized pharmacy, e-medication profile creation, bar-coding, altered drug
administration models, and multifaceted interventions guided primarily by the FMA, RCA, and CQI
frameworks. | '

To inform the choice between the technologies, the final data summary table (Table 25)
presents information which allows for a cbmparisons between technologies with regard to the
consistency of technology-specific evidence, the grade and level of the evidence, and the magnitude
of the observed associations.

Vote-counting should not be the primary analysis for this review (see column 2). The |
consistency of the favourable evidence is as much a cause for concern as it is a cause for conclusive
reassurance, given the threat of publication bias. As only 41% of the comparisons of interventions
reported a statistically significant outcome (64/155), most of the evidence falls into a statistically
uncertain but intervention-favourable domain.

The level and grade of the evidence was low on the whole (see column 4: level and grade of
evidence). On the Oxford scale of recommendations, which runs from A to D, there were no As and
the majority did not score higher than a D on any outcome—Ds essentially pointing to an absence of
epidemiologic evidence. The order of the technologies in the discussion that follows reflects a
general decline in the grade of the evidence supporting the technologies' effectiveness.

All of the technology assessments counted medication errors or potential ADEs. Only

CDSS, clinical pharmacists, kinetic dosing, and nomograms offered strongly suggestive evidence
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(i.e., not grade D/D) about preventable ADEs or all-cause ADEs (incidentally, those are all the
interventions and the only interventions which primarily address prescription errors).

Of these technologies, only CDSS and clinical pharmacists were assessed for broad patient
indications. Within the review, the magnitude of the risk differences were greater with clinical
pharmacists (-5 per 100 patients; -2, -1, +1 per patient-day) than with CDSS+CPOE (-0.08 and 0.2
per patient-day at Brigham and Women'’s; -1.2 and -1.7 per 100 patients at LDS); the former also
achieved statistical significance, whereas the latter did not. All these ADE evaluations were pre/post
studies limited in their generalizability; however, the CPOE+CDSS studies appear somewhat more
limited, with their underemphasized early negative results (at the Brigham and Women’s) and
record-centric evaluations (at the LDS hospital)—discussed in section 2.4.3. A recently published
pseudo—randomized trial is notable in that it demonstrated a statistically significant effect on a serious
patient outcome™: a 3.3% absolute decrease in the rate of patients experiencing deep-veins
thromboses or DVTs, among patients automatically flagged as high-risk, without an increase in rates
of bleeds or death.'®. Although potentially limited by contamination and externalities, this study
presents strong evidence as to the potential benefit of CDSS. This review agrees with a recently
published systematic review which found consistent evidence that CDSS helps prevent the errors that
the designers intend to prevent™: what seems key is to support appropriate decision-making, and to
design efficient systems that do not detract from other dimensions of care.

The studies of dosing-support technologies for various specific indications had results which
were of a common order of magnitude. Pharmacokinetic dosing of aminoglycosides, theophylline,
(vancomycin,) and anticoagulants, clinical-pharmacist dosing of anticoagulants, and nomogram
dosing of anticoagulants saw non-statistically significant trends toward decreases in ADEs on the
order of single digits per 100 patients (it is difficult to comment further given the heterogeneity). The
pharmacokinetic dosing studies were generally small, efficacy RCTs, whereas the observational
studies of clinical pharmacists and nomograms seemed reasonably representative of normal practice.

The other studies that reported differences in ADEs were more limited. There was one more
study of CPOE+CDSS for decided heparin prophylaxis which observed 0.04 fewer ADEs per 100
patients (95% CI=-0.5/100, 0.4/100). CDSS alerts for targeted interactions saw large relative
decreases (0 & 0.2) but the absolute ADEs reductions per indicated patient were less dramatic (-
1.7/100 and -0.04). Some studies from the Institute for Healthcare Improvement collaboration
reported large decreases in ADEs (e.g., -10 per 100 patients); however, the reporting structure of
subordinate to supervisor, the lack of definition of study methods, and the lack of statistical inference

undermine the conclusions of these studies. The FMA/RCA and other multi-faceted studies that
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reported ADEs and interventions relied on incident report; thus, they observed very few events and,
beyond projecting a favourable direction of results, are not very informative.

The interventions that were associated with reduced preventable and all-cause ADEs were
associated with varying decreases in errors and potential ADEs. Clinical pharmacy and
CDSS+CPOE both had grade B evidence; as with ADEs, the RDs with clinical pharmacy (-
20/patient; -2/order) were lower than with broad CDSS+CPOE (in one study, -1 non-missed dose
error per 100 patient-days, while missed-dose errors increased by 1.4 per 100 patient-days; in the
other, there were 0.5 fewer non-intercepted potential ADEs per 100 patient-days). Nomograms also
had grade B evidence for a shorter time to therapeutic dose (shown), and lower proportions of
patients with non-therapeutic clotting times (see “nomograms”) for more detail). The kinetic studies
were downgraded to a “C” for their lack of generalizability but showed fairly large decreases in
potenﬁal ADEs: a median mean of -9 per 100 patients (range: -77, -4). Finally, while a customized
CDSS alert system was associated with 66% fewer cisapride alerts (95% CI=0.3, 0.4), the one
commercial CDSS system evaluated (of alerts) was associated with a relative risk of error of 0.87 (CI
n/a, RD n/a).

With one exception, the remaining technologies relied on counting errors to indicate a
reduced probability of ADEs: on the Oxford scale, they scored Cs and Ds. More frequent C-level
error-preventers were CPOE linkage with the pharmacy MAR, bed-side drug dispensing, and
physician education (not obviously different with new forms): their risk differences were,
respectively, -11 transcription errors per 100 orders (95% CI(RR)=0, 0.05); -10 dose administration
errors per 100 doses (95% CI=-19, -2), and about -11 illegible orders per 100 (2 studies). Also at the
C-level were highly automated systems, unit-dose systems, and automated dispensing: their RDs
were -5.4 dispensi/ng omissions per 100 doses, -1.3 administration errors per 100 doses, and -0.2 dose
dispensing errors per 100 doses (-6.5 dose-administration errors per 100 in a study with a reactive
measure),

The D-level technologies were as follows: CPOE, CDSS for dispensing calculations,
computerized pumps, drug protocols, verbal orders, self-administration, double-check, decentralized
pharmacy, e-medication profile creation, bar-coding, drug-administration models, FMA, RCA, multi-
faceted interventions, and the new resident work schedule. The most dramatic error reduction was
with CDSS calculations: so dramatic* that the evidence for them is promising in spite of their
studies’ limitations (*very statistically significant RRs of 0, 0.18; RDs of -12 and -54 per 100 orders).
. Based on the evidence, possibly promising technologies include standardized drug protocols,
decentralized pharmacy for perioperative dispensing, unlicensed specialized drug-administration

- technicians, and dedicated “night” house officer teams.
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The dedicated “night” officer team study was one of two that observed statistically
insignificant mortality reductions which were also methodologically limited, but still worth
considering. The LDS hospital reported a decrease in antibiotic-associated mortality of 1% of
patients (RR=0.7), while the new night teams were associated with an overall decrease of in-hospital
mortality of 1% (95% CI=-0.06, 0.04). A recent study of an intervention that randomized interns (but
not patients) to a schedule that reduced interns’ cross-coverage to increase interns’ sleep found that
the randomized interns made 17% fewer medication errors (p=0.03) and 27% fewer serious medical
errors (p<0.001); however, the non-randomized patients died statistically insignificantly
more often with less cross coverage (p=0.27): 14.5% vs. 12.7% and rates of preventable ADEs were
almost constant (38.6 vs 38.5 per 1000 pt-days, p=0.91). Thus, while sleep-oriented scheduling may

be promising, the effect on patients’ outcomes is unclear.
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2.5.2 Comment

This systematic review provides a comprehensive overview of the effectiveness of drug-
dispensing technologies and systems. It is very broad. It is the first to assess several drug-
distribution elements, including order communication technologies like e-medication profiles;
physician education about prescription writing; and bed-proximal drug dispensing. Previous reviews

have focused on computerization,***#>*1%7

although the AHRQ also adopted a broad approach with
its review of technologies to improve patient safety.” Compared to the AHRQ report, the advantages
of this literature review are as follows: 1) The literature review is systematic, deriving from a
common electronic search strategy (developed by an experienced librarian), and performed by a
common set of reviewers who communicated frequently. 2) The analysis should have gained internal
consistency across technology assessments by using a single reviewer. 3) Compared to more focused
reviews, this ‘report provides a meta-synthesis of evidence for several related technologies, which is
beneficial from the perspective of priorization, and helpful in identifying important co-interventions.

This systematic review disagrees with previous reviews more in terms of study interpretation
than in terms of its summary of studies. An important disagreement relates to CPOE. Previous
reviews have quoted favourable data about CPOE+CDSS and applied it to suggest that hospitals
should increase their use of CPOE.****" This review found that CPOE alone has minimal evidence in
its favour: that only the studies of CPOE+CDSS suggest potential benefits. There were many studies
of CPOE+CDSS that associated the technology with error reductions; however, a core question about
CPOE+CDSS is whether hospitals generally can implement systems which prevent ADEs as well as
self-described errors. Given the apparent importance of the CDSS software to the impact of
CPOE+CDSS, it would be desirable to incorporate a mechanism of sharing successfully derived
decision rules, to avoid system-level omissions'”® and other errors. Such a CPOE system should be
linked to the pharmacy MAR, to prevent transcription errors.

Compared with the addition of CPOE+CDSS, the systematic review found that the addition
of clinical pharmacists was associated with larger and statistically more certain ADE reductions.
Using an addition clinical pharmacist also was associated with greater error reductions. However, the
systematic review did not include a recent, above-mentioned study on the prevention of venous
thromboembolism (published too late to enter into the formal literature review).'”® Had we included
it, the apparent difference between adding CPOE+CDSS, versus adding a clinical pharmacist, might
have become indeterminate. In contrast to the AHRQ report, which dismissed the effect size of
pharmacokinetic dosing and placed appropriate use of venous thromboembolism on top of its “clear

93

opportunities for safety improvement,” this review found quantitatively similar effects of

pharmacokinetic dosing, pharmacist anticoagulant management, and nomograms (albeit derived from
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heterogeneous studies with several associated uncertainties). A recent systematic review showed that

drug doses tend to be higher with computer support, which could explain an improved achievement

of therapeutic drug levels.'”

The evidence for CDSS alerts was generally less impressive than for CDSS+CPOE, although
it prevented many errors related to corollary orders (e.g., for antibiotic prophylaxis). This fits with
the finding of a'broader review of CDSS technologies, which observed that "studies in which users
were automatically prompted to use the system described better performance compared with studies
in which users had to actively engage the system [73% vs. 47%, p=.02].”"%: essentially, that direct
integration into normal work processes is important. ‘

This review agrees with the AHRQ that the evidence for automated dispensing systems and
unit-dose systems is unimpressive.” Because of the ubiquitousness of drug dispensing, it is possible
that such systems could exert meaningful effects; however, those effects have not been demonstrated.

Another disagreement with the AHRQ report relates to bar-coding. The AHRQ accepted
uncontrolled data and concluded that with bar-coding it is easy to demonstrate benefits, whereas this
review excluded uncontrolled data and found minimal evidence about bar-coding. If the benefits of
bar-coding are important and easy to demonstrate, they should be demonstrated in a good controlled
trial.

A few systems that were associated with fairly large but uncertain error reductions were
CDSS for dose-calculations, bed-side drug storage, physician training with regard to prescription-
writing, and the dedicated night-officer teams. The uncertain observations of reduced mortality with

a couple of system changes were intriguing; such outcomes would be useful to note generally in

technology assessments.
2.5.2 Limitations

There are several threats to the validity of this systematic review: they relate to limitations of
the underlying data, and limitations of the review process. Most of the studies were observational
studies: as such they did not impose control over group comparability. As well, most of the studies
lacked concurrent controls, and their single “pre” and “post” measurements did not rule out fortuitous
temporal associations. Many of the studies were clearly biased: for example, comparing dispensing
€ITOrS assuming no transcription errors in one of two arms (by comparing doses dispensed to the
" pharmacy MAR in one arm, and doses dispensed to the original prescription in the other arm). Such
biases were noted in the results section. It is unclear in many studies how to identify the confounders
and effective co-interventions: sometimes this is a reporting issue, but in many cases there is minimal

knowledge about what needs to be controlled.
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The operationalization of the outcomes reflects many investigators’ attempts to predict
patient events which are relatively low in frequency compared to the background event-rate. Using
outcomes of errors, preventable ADEs, ADEs, and potential ADEs filters out the background event
rate, which increases the power of studies to detect differences in event rates. The error outcome
definitions tend to focus on the errors targeted by the technology rather than offer a comprehensive
evaluation of all errors; therefore, the relative risk reduction observed in each study probably
overstate the relative risk reduction of all errors, and may ignore unintended errors created by the new

technology. There were a few examples of diverging study estimates based on different methods of

error ascertainment(e.g., ">¥),

The clinical significance of errors and ADEs is not always obvious. Errors are
heterogeneous, with different risks of not being caught, and most have no direct effect on a patient’s
well-being. ADEs are a heterogeneous and diffuse outcome, yet they do not serve as global health-
status measures; they may be insensitive to high-frequency errors than have a low risk of harm. In
general, studies focused on harms due to errors of commission, which may not be representafive of
global harms due to the combination of errors of commission and omission.

| Other potential limits to internal validity are that personnel often were aware they were being
evaluated, and funding sources were declared only rarely. Generalizability is limited also in that
much of the evidence about technology involves highly customized, advanced applications of unique
systems by committed groups of experts.

To some degree, these studies (perhaps with the exception of some anti-coagulation
protocols) are all self-evaluations, in which the designer or champion of the system change evaluated
his/her work. This has implications in terms of stﬁdy conduct and outcome measurement. Error is in
the eye of the beholder, and preventability in the eye of the reviewer. Therefore, self-evaluations of
technologies or systems designed to address errors specific to the evaluators’ concern are likely to
overstate the benefits of the technologies or systems. This criticism may apply particularly to studies
of prescription errors (CPOE, CDSS, prescription-writing) where error can be more a matter of
judgment than of compliance with a validated standard. Indeed, referring back to the broad CDSS
review, "successes" were far fnore common in evaluations performed by CDSS creators than in
independent evaluations (74% vs. 28%, p=.001).55 |

Most of the studies assessed the technologies in terms of their intended effects. In many
cases, these technologies are likely to have unintended effects, as they disrupt normal processes and
sometimes take people’s time away from other activities. For example, one unit-dose system for
controlled substances was twice as time-consuming for pharmacists and nurses. The error rate with

controlied doses declined (95% ClI=-0.19, -0.06), while the non-controlled substance errors increased
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(95% CI=0.0120 0.056) such that the overall error rate increased (95% CI=0.0023, 0.04). This
evidence is not definitive but it should be a caution. Likewise, qualitative studies have identified
potential problems with systems that seem not to have been studied quantitatively and explicitly: e.g.,
with CDSS, problems related to data fragmentation, inadequate coordination, and limiting user
interfaces.'”

Another limitation is that almost every technology was evaluated when it was new.
Machines break down. Computers crash. Embedded knowledge in pharmacokinetic-dosing models,
nomograms, and CDSS does not update itself. Training effects decay. Very few evaluations
confirmed the maintenance of an early association: those that did tended not to show convincing
associations early after technology or system implementation.

The threat of publication bias may be greater in this set of studies due to a reluctance to admit
having caused patients potentially preventable harm. A potential example of this barrier among the
CPOE plus CDSS studies is an investigator’s publication of positive results from Feb 1993 - 94 in a
high-impact journal® prior to his dissemination of negative results of an earlier implementation in
Oct 92- Dec 93 in a less prominent publication.”” The flipside is that some of the literature has a self-
congratulatory note, which supports a concern about publication bias in the light of self-evaluation.

Limitations specific to the review process include the literature identification strategy; the
moderate inter-rater agreement for article selection; the unvalidated process of data extraction and
analysis; the unvalidated process of study quality assessment; and the inability to assess the threat of
publication bias.

The literature review also excluded studies published before 1985, which excludes some
evidence for older technologies like unit-dosing.'® The rationale behind the exclusion was that
pharmacy and nursing practice studies from more than 20 years ago would have limited application to
current hoﬁpital care. The electronic literature search has not been updated since 2002, so it excludes
some recent evidence. The electronic search was also limited by the use of the study outcome as a
necessary condition of study consideration. This may be particularly problematic with regard to
studies that report on ADEs and potential ADEs but not errors, since the search strategy relies on
proper indexing of medications’ adverse effects—a fairly subjective concept. A possible
consequence is this review’s heavy reliance on the non-electronic search, which is harder to replicate
than the electronic search. An approach to this problem could have been to iteratively design the
electronic search in a manner which would include more of the articles identified non-electronically,
and presumably other related articles. »

Following the selection of potentially relevant studies, the inter-rater agreement regarding

these articles’ inclusion in the review was only moderate: the kappa score was 0.54 (95% CI=0.47,
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0.61). The disagreement reflected key differences in approach, which were resolved only post hoc:
i.e., when faced with the trials in the review. As one might expect, the nurse, pharmacist, and
bachelor of science/ epidemiology student differed in their perceptions of what constituted an
outcome of interest: e.g., what constituted a medication error, or a preventable adverse drug event.
For example, the pharmacist was most willing to call adverse events related to drug dosing
“preventable.” The inter-rater heterogeneity calls attention to a strength of the literature-selection
process: that it was preferable to resolve interdisciplinary differences on a study-by-study basis
instead of in broad, global statements and small, focused reviews which leave implicit, discipline-
specific assumptions unexplored. Because the review was open to any technology, it was difficult to
anticipate differences that could arise, and much of the application of the inclusion criteria was left to
individual interpretation and addressed only through discussion which followed the initial step of
screening articles. For example, only one of three reviewers initially included studies which
observed changes in the rates of incident reports following encouragements to submit incident
reports: studies which did not include an intervention to change the process of drug distribution and
an outcome to measure the impact of that process. Nevertheless, the inconsistency among reviewers
is an important limitation.

The process of data extraction and analysis was largely unvalidated. Furthermore, when I
began the review I had never studied drug distribution, and my medical background is minimal,
which limited my ability to assess the severity of errors and ADEs. My questions were informed by
experts, however. Ihad access to a nurse with an epidemiology background; a pharmacist with a
background in systematic reviews; an internist with a background in epidemiology and patient-safety
expertise; a statistician with expertise in systematic-review methodology; and a supervisor with
qualitative-research expertise. Although the reliabilit‘y of my work was not assessed, the direction of
my work was guided by experts throughout.

This study is limited, too, by its unvalidated method of study-quality assessrhent. A recent
review of study quality-assessment tools found that, of 194 tools identified, only six were potentially
suitable for use in systematic reviews.?®® Each tool requires revision to address what were considered
important quality domains. Furthermore, none of the potentially suitable tools is specific to the
pre/post study, which is the dominant type of study in this review: such specificity would be
particularly valuable since the analyses subgrouped studies by design. To address the quality of
individual studies, this review collected and assessed information about the important quality
domains: i.e., the creation of groups, blinding, soundness of information, follow-up, analysis of
comparébility, and analysis of outcome. Information about these quality domains was evaluated in a

manner specific to the topic of medication error and adverse drug events related to hospital care, and
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summarized according to the Oxford Centre’s guidelines (which albeit seemed geared toward patient-
level exposures as opposed to system-level interventions).*>

Normally, funnel plots aid in the exploration of the relationship between studies’ estimates of
effect, and the error in studies’ estimates of effect. In cases where more than two RCT's were meta-
analyzed, I went through the approach of looking through funnel plots, which in itself did not suggest
publication bias; however, with so few studies and such small numbers, publication bias was difficult
to assess. |

Because all observational studies are prone to bias (even those studies with the most precise
results),” funnel plots of observational data are not particularly informative: the most precise study
results do not provide an unbiased reference estimate with which to compare the other study results.
As suggested by Egger,” observational study analyses focused on likely sources of heterogeneity.

Finally, with more than 20 heterogeneously assessed technologies, there is no practical way

to limit the alpha-error to 0.05. Iassessed technologies in broad strokes with an awareness of the

limitations of doing so.
2.5.2 Conclusion

To summarize, the limitations of the evidence add uncertainty to recommendations about
technology use. Based on the evidence gathered in the review, it seems that the most promising
technology for current application is the clinical pharmacist, followed by CDSS for CPOE in
advanced applications. The evidence for pharmacokinetic dosing and nomograms is also quite
suggestive about avoiding ADEs. The next most promising group of technologies included electronic
medication record linkage, bed-side drug dispensing, physician education about prescription-writing,
and unit-dose systems—with automated dispensing, CDSS for dispensing calculations, and dedicated
night officer teams perhaps a notch below. The technologies with the least promising evidence were
as follows: CPOE, computerized pumps, standard drug protocols, verbal orders, self-administration,
double-check, decentralized pharmacy, e-medication profile creation, bar-coding, altered drug
administration models, and multifaceted interventions guided primarily by the FMA, RCA, and CQI
frameworks.

High-quality evaluations would shed light on likely benefits of any of the above
technologies; however, CDSS for CPOE, bar-coding for drug administration, and sleep-oriented

" scheduling seem particularly promising as areas of future research and quality improvement.
Thus concludes chapter 2, the systematic review. Chapter 3 describes the survey of

pharmacy directors, and chapter 4 integrates the findings of chapters 2 and 3.
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3. Survey

31 Survey Introduction

In Canada, a large population-based chart review suggests that, every year, 185 000 adult,
non-obstetric, non-psychiatric hospital admissions are associated with adverse events, of which 70
000 are potentially preventable, and 16 000 are potentially preventable deaths.* Drugs and fluids
accounted for 24% of adverse events, making them the second most common class of adverse event
(after surgical). About half of drug-related adverse events are preventable:.12

Concern about the risk of medical error has led to calls for systemic change to health-care
delivery systems.®****' In Canada, the federal government has expressed a newfound willingness to
invest in health-care, particularly in the area of patient safe£y. The 2003 budget allocated $10-million
annually to create a new Canadian Patient Safety Institute, and $600 million to accelerate

the development of secure electronic patient records, “which are vital to quality care and patient

safety.”!

Meanwhile, about to be completed is a large systematic review of technologies intended to
prevent medication errors in hospitals: for example, Computerized Physician Order Entry (CPOE)
systems; Computerized Medication Administration Records (c-MARs); Clinical Decision Support
Systems (CDSS) for physician or pharmacist order entry; Automated medication dispensing devices;
Pharmacy-based IV admixture services; Unit-dose drug distribution systems; bar-coding; Clinical
pharmacy services; and Continuous Quality Improvement (CQI) programs.

In the light of current interest in patient safety, and a recently updated systematic review of
the literature on the effectiveness of technologies in the prevention of medication errors, it is timely
to examine the use of these technologies in Canadian hospitals. No peer-reviewed surveys have
characterized the prevalence of error-preventing technologies in Canéda, or potential determinants of
technology use (see Appendix 1: literature search for surveys). Eli Lilly’s privately contracted
survey”® describes the use of the technologies in CCOHTA’s review, with the exception of satellite
pharmacy and CDSS for CPOE. However, the Eli Lilly survey suffers from several limitations.
These include: a relatively low response rate (57%); an incomplete sampling frame; vagueness in its
statistical methods (e.g., unit of analysis), and a frequent absence of reporting on the intensity of use
of the technologies.

3.1.2 Survey Objectives
3.1.2.1 Primary
The primary survey objective was to describe the prevalence of the use of the major technologies for

preventing medication errors (in order to later compare use of the major technologies against the

evidence of effectiveness).
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3.12.2 Secondary
A secondary objective was to determine potential barriers and supports to technology use in the
present and in the future. These include

1. hospital pharmacy directors’ attitudes toward the level of use of the technologies

2. hospital pharmacy directors’ perceptions of medication errors in their hospitals (i.e., their

perceived need for error-preventing technology)

3. hospitals’ plans for changes in the intensity of the use of the technologies.
The final objective was to identify potential independent predictors of technology use, from among
the first two variables listed above, as well as hospital size, and budget per bed.
3.2 Methods

Dillman’s recommendations203 guided the development and implementation of the survey
methodology.

3.2.1 Sample Frame

The sample frame consisted of Canada’s 100 largest acute-care hospitals. The ranking of
hospitals’ size according to bed numbers relied on the Canadian Healthcare Association’s (CHA)
database®™ supplemented with lists supplied by the Quebec and Ontario health ministries. Hospitals
were counted as acute-care hospitals if they had a minimum of either 50% acute-care beds, or 200
acute-care beds (see Appendix 2 for bed classifications). Eli Lilly's list*®® was used in gathering
additional pharmacy director contact information. Pharmacy directors were asked to respond on
behalf of their acute-care hospitals.

A simple random sample was considered, and ruled out for the following reasons. The
technologies under review were predominantly studied in large hospitals, and are more suitable for
use in large hospitals (given infrastructure requirements and economies of scale). We anticipated
that, for the most part, small hospitals would be unlikely to use the technologies, based on previous
surveys™2?%: consequently, it was expected that there would be little information to gain by
surveying them. There was a concern that a simple random sample would do a poor job of
representing the new technologies such as computerized physician order entry whose use is rare even
in large hospitals. Finally, the largest hospitals account a large proportion of hospital beds, inpatients
treated, and money allocated toward hospital care.

3.2.2 Questionnaire Development and Review

Questionnaire development involved a first draft, external review, and revision. Two
hospital pharmacists, two patient-safety experts, a survey methodologist, a nurse, and CCOHTA’s
communications department reviewed the preliminary questionnaire. A revised questionnaire was

piloted on four English and two French pharmacy directors, and revised again in response to the pilot.
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Revisions consisted of changes to the wording of questions about medication error, and formatting
changes. The survey questions were composed in English, and translated into French: a bilingual
pharmacist reviewed each translation.

3.2.3 Questionnaire Content

Both English and French surveys were 2%4 pages long. They asked eleven questions, four of
which included fifteen parts - one for each of the technologies of interest (see Appendix 3b for a copy
of the survey).

For each of the technologies, the questionnaire asked about the hospital’s use of the v
technology (yes, no; if yes, % of beds serviced by it); about the hospital’s plans for changes in the
level of technology use; and about the pharmacy director’s opinion of the level of technology use.
The survey also asked whether the respondent could provide quantitative or qualitative estimates of
the risk of patient harm due to medication error.

Respondents were asked to characterize technology use, attitudes to technology, and error
perceptions a little further. For example, they were asked (if applicable) about the number of full-
time-equivalent (FTE) pharmacists that provide clinical pharmacy services, and the total number of
FTE pharmacists. To characterize the relative strength of attitudes to the level of technology use, the
questionnaire asked which technology the respondent wanted his/her hospital to invest in next. To
characterize the basis of reported perceptions of medication error, the questionnaire asked if the
respondent br the hospital used any method to identify patients harmed by medication errors. Finally,
the questionnaire provided space for comments.

The full series of cover letters and the attached questionnaire and glossary of technology
definitions are presented in Appendices 3 (English) and 4 (French).

3.2.4 Survey Implementation Strategy

" Bach pharmacy director was pre-notified with an email or fax several days in advance of the
questionnaire and cover letter. The cover letter asked pharmacy directors who chose not to respond
to identify a subordinate pharmacist who could respond on their behalf. Non-responders received a
telephone reminder ten days aftef receiving the questionnaire; a second reminder letter and
replacement questionnaire after an additional ten days; and a final telephone call accompanied by a
replacement questionnaire at least 14 days later. All 100 largest acute-care hospitals were surveyed.
3.2.5 Ethics

The survey was approved by the Ottawa Hospital Research Ethics Board.
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33 Analysis
3.3.1 General

Data quality control involved re-checking the initiél data entry against the original
questionnaires as wells as range and logic checks which identified inconsistent data.

Means, medians, ranges, inter-quartile ranges, and standard deviations were calculated for all
continuous variables. Frequency distributions were generated for non-continuous variables. More
specific analyses were as follows.

3.3.1. Respondent Characteristics

To help compare the characteristics of survey respondents to non-respondents, Fisher tests
and t-tests were conducted and p-values were reported.
3.3.2 Response Validity

Two related gauges of response validity were as follows: the Spearman correlation of survey-
reported total beds with the total number of beds reported in the CHA guide, as well as the overall
means (the former to check for variation; the latter to check for bias).

3.3.3 Prevalence of Technology Use

The prevalence of unit-dose systems (use or no use) was modeled in opposition to the use of
controlled/carded, traditional, or ward-stock pharmacy (because one of the above technologies must
be used to provide drugs to patients). To quantify the intensity of application of pharmacists to
hospital beds, the qﬁantity of FTE pharmacists per hospital bed serviced was calculated.

Potential predictors of technology use were investigated using several logistic regression
models. A limitation of using several logistic regression models is the potential for non-
independence of the use of the different technologies. Prior to the logistic modeling, we examined
correlations between pairs of predictor variables, and correlations between pairs of outcome
variables, to investigate the potential non-independence of the predictor variables and of the logistic
models themselves. A correlation greater than 0.3 was considered noteworthy.

Logistic regressions modeled two sets of odds ratios for each technology: the odds of using a
technology, and of using a technology in at least 90% of hospital beds (cut-offs used in the Eli Lilly
survey). The modeling was to employ the following potential predictors: the number of beds, the
hospital budget per hospital bed; the respondent’s opinion of the hospital’s level of technology use;
and the respondent’s perception of the risk of patient harm due to error (low versus moderate or
high). As the technologies are targeted towards acute care, the primary “bed number” predictor of
technology was the number of acute-care beds; however, sensitivity analyses employed the total
number of hospital beds, expressed as a continuous variable, and dichotomized at <=500 or >500 as

in the Eli Lilly survey.
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A limitation of using several logistic regression models is the potential for non-independence
of the use of the different technologies. Prior to the logistic modeling, we examined correlations
between pairs of predictor variables, and correlations between pairs of outcome variables, to
investigate the potential non-independence of the predictor variables and of the logistic models
themselves. A correlation greater than 0.3 was considered noteworthy.

Finally, responder comments were grouped together in related categories.

SAS version 8 generated univariate distributions (means, SDs, ranges) and performed chi-
square tests, Fisher tests, Pearson correlations, Spearman correlations, and binomial logistic
regression. For more detail on the statistical analyses, see Appendix 5: Determination of the
prevalence of technology use. ‘

34 Results
3.4.1. Respondent Characteristics

Seventy-eight percent of the surveyed hospitals responded (78/100); another 5% of potential
responders declined. Of the responders, 90% (70/78) were pharmacy directors, 6% were other
managers (e.g., assistant directors, operations coordihators), and 4% were staff pharmacists.

Table 26 contrasts the characteristics of responders and non-responders: their numbers of
beds, admissions, province, budget per bed, and teaching status. As shown in the table, responding
and non-responding hospitals had similar numbers of beds (both total and acute), rates of admission,
and budgets per bed. Response rates varied by province (p=2x10); however, the survey represents

almost all provinces well, as only the response rate in Newfoundland fell below 60%.
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Table 26: Comparison of responding hospitals to non-responding hospitals®

Variable Responders (n=78) Non-responders (n=22) p-value
N Mean (median, min-max) N Mean (median, min-max)
Total Beds 78 499 : 22 552 0.48%*
(412, 180-2104) (400, 238-1481)
Total Acute 69 364 21 400 : 0.50%*
Beds (311, 101-1149) (291, 121-812)
Admissions 63 19627 19 21297 0.52%%
(17684, 5077-54693) (21092, 4500-41696)
Province 78 22 : .000002*
NF 0 (0%) 2
NB 3 (100%) 0
NS 3 (100%) 0
PEI 1 (100%) 0
QC 21 (66%) 11
ON 28 (85%) 5
MB 3 (60%) 2
SK 2 (100%) 0
AB 8 (100%) 0
BC 9 (82%) 2
Total budget | 53 358 18 333 59%*
per bed (330, 144-1004) (304, 165-997)
(1000s) :
Teaching 78 29% 22 45% 0.20*
status

“based on Canadian Healthcare Association and Ontario and Quebec ministry data
*Fisher’s exact test

** t-test

n: survey response

N: item response

3.4.2. Response Validity

A gauge of the validity of self-reported answers is a comparison of the total number of beds
reported by respondents and by the CHA and ministry-supplemented list. On average, respondents
reported having 17 more total hospital beds than the predetermined list; the Spearman correlation was
0.91 (n=69).
343 Primary Objective: Prevalence of Technology Use

The proportion of hospitals that use each technology, and the percentage of beds in each
hospital serviced by each technology, are presented in Table 27.
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Table 27: Technology Use

n.b. N represents the number of responders
Technologies were ordered by proportion of hospitals which are technology users
Users of Percentage of Beds Serviced
Technology
Technology N % N Mean, median, inter-
quartile range
Clinical Pharmacy Services for inpatients* 78 97 66 69,71, 58-100
-pharmacokinetic monitoring 92
-patient counseling 88
-interdisciplinary rounds attendance 81
-medical rounds attendance 62
-other** 21
Pharmacy-based IV admixture service 77 81 71 60, 74, 10-100
Computerized Decision Support System for Pharmacy Staff | 77 77 69 72,100, 10-100
Order Entry
Unit-dose system (even if limited wardstock is available) 76 75 70 55, 57, 0-100
Computerized Medication Administration Record 78 67 77 55, 80, 0-100
Traditional Pharmacy 77 59 70 35, 38, 0-68
Automatet Dispensing 78 56 76 35, 10, 0-90
Satellite Pharmacy 78 50 66 9,0,0-18
-Oncology 27 '
-Intensive Care Unit 11
: : -Operating Room 8
-Emergency Department, Neonatology (each) 4
-Cardiology, psychiatry, and bone-marrow transplant (each)
-Critical care, hematology, pediatric, veteran’s, other 3
1
Continuous Quality Improvement Program 77 49 69 *EE
(with personnel time formally allocated to “system-based
quality improvement” or “patient-safety” activities)
‘Ward-stock Pharmacy 73 16 73 3, 0,00
Controlled/ Carded Dosing 77 30 77 8,0,0-5
Bar-coding for Drug Dispensing 78 9 77 6,0,0-0
Computerized Physician Order Entry 78 9 77 6, 0,0-0
Bar-coding for Drug Administration 78 1 77 0.6,0,0-0
Computerized Decision Support System for Computerized 78 1 78 1,0,0-0
Physician Order Entry
Other technology 78 9 75 6, 0,0-0

*Clinical pharmacy services employ a mean of 10.8 full-time equivalents (inter-quarticle range=2-15, n=66), or
3.3 full-time-equivalent pharmacists per 100 hospital beds serviced (inter-quartile range=1.4-4.1, n=64.
** e.g., pharmaceutical care; specific assessment and monitoring of antibiotics and anticoagulants; and a post-

partum self-medication program

*#*The measure of implementation was the allocation of FTE: mean 0.2, median 0, inter-quartile range 0-0.2

Clinical pharmacy services were most common in hospitals: in 97% of hospitals, in a mean

of 69% of beds. Clinical pharmacy services employed a mean of 10.8 full-time FTEs, or 3.3 FTE

pharmacists per 100 hospital beds serviced. Pharmacy-based IV admixture services, computerized

decision support systems for pharmacy staff order entry, unit-dose systems, and computerized

medication administration records were used in 67 to 81% of hospitals, in 55-72% of beds.
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Traditional pharmacy, automated dispensing, satellite pharmacy, and CQI programs were used in
middling amounts: at 49-59% of hospitals, in 35%, 35% and 9% of beds, respectively. Ward stock
and controlled/carded dosing were used in 16% and 30% of hospitals, in less than 10% of the beds.
CPOE, CDSS for CPOE, and bar-coding for drug dispensing and administration were used in less
than 10% of hospitals, in no more than 6% of beds. Hospitals also used automated TPN
compounding equipment, IV admixture preparation machines, technology for the support of
narcotics, (paperless) electronic fax of orders, and pharmacy-printed nurse care plans (“other”
category).
3.4.4. Secondary Objective: Attitudes to Technology Use

Figure 1 presents pharmacy directors’ attitudes to the level of use of each technology.

Figure 1: Opinion of the local level of technology use

What is your opinion of the amount of technology now
used..."needs to increase"; "about right"; or "needs to
decrease"?

CDSS for CPOE, n=72 ===

CPOE, n=75

Clinical Pharmacy Service, n=75 oSS
Bar-coding, Admin, n=72

CQlI Program, n=74

Bar-coding, Dispensing, n=74
Automated Dispensing, n=74 - Decreas.e
c SISDharmacy IV service, n=74 B About Right:
DSS for Pharmacy Staff, n=76 .
Computerized MAR, n=75 O Increase:

Unit-dose system, n=75 |
Satellite Pharmacy, n=67
Controlled/ Carded Dosing, n=58
Ward-stock Pharmacy, n=66
Traditional Pharmacy, n=63

0% 20% 40% 60% 80% 100%

Ninety percent or more of respondents felt that the use of bar-coding, CQI, CPOE, clinical |
pharmacy services, and CDSS for CPOE should increase. In fact, most respondents felt that the
amount of the technologies used for the care of inpatients at their hospitals should increase, with the
exception of satellite pharmacy (36% should “increase”), controlled carded dosing (5% “should
increase,” 16% should decrease), ward-stock (68% should decrease), and traditional pharmacy (71%
should decrease). A third of respondents would have their hospital’s next investment in technology

be automated dispensing, followed by bar-coding for dispensing and/or administration (25%),
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computerized physician order entry (12%), clinical pharmacy services (7%), and computerized
medication records (7%).
3.4.5. Secondary Objective: Plans for Change in Technology Use

Respondents indicated that many of their hospitals have plans to increase the amount of

technologies that they use within the next two years (figure 2).

Figure 2: Plans for changes in technology use

2-year plan for technology use

Clinical Pharmacy Service @
Automated Dispensing |8
Pharmacy IV service |8 -

QI Program .

CDSS for Pharmacy Staff S
CPOE

Bar-coding, Dispensing S ® Decrease
Computerized MARMS M Same
Unit-dose systen i
CDSS for CPO Dincrease

Bar-coding, Admin
Satellite Pharmac
Controlled/ Carded Dosing S

Traditional Pharmacy s
Ward-stock Pharmacy

0% 20% 40% 60% 80%  100%

Note: no more than 3 missing observations to any of the questions about plans

Respondents reported plans to change the local level of technology use less frequently than they
reported favourable attitudes towards change.

Two-year plans to expand CDSS for pharmacy staff, CQIL, Pharmacy IV services, and
automated dispensing, and clinical pharmacy services ranged from 63% to 74%. Plans for increases
in bar-coding for administration, CDSS for CPOE, unit-dose systems, computerized MARs, bar-
coding for dispensing, and CPOE ranged from 46% to 54%. Twenty-seven percent planned more
satellite pharmacies. The technologies with planned decreases in use (with % who planned

decreases) were controlled/carded dosing (17%), traditional (48%) and ward-stock (45%) pharmacy.
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Figure 3: Preferred Technology

Which would you have your hospital
invest in next? (n=69)

H Satellite B Unit-dose
Pharmacy system
4% 3%

B Other
technology

B Pharmacy- 6%
based V
admixture
service B Automated
4% Dispensing
O,
B Computerized 33%
Med ' atpn . Il Bar-coding for
Administration Drug
Reciord Dispensing
% and
5 Clinical 0O Computerized Administration
Pharmacy Physician 25%
Services Order Entry ’
7% 12%

Other technologies included
-a standardized city-wide computer system

- -a web-based system for nursing unit/ central pharmacy order-communication
-an on-line medication administration record

-computerized decision support for computerized physician order entry
-a new pharmacy computer
-continuous quality improvement
3.4.6. Secondary Objective: Perception of Medication Error

Although 84% (64/76) answered that they or their hospital employ a method of identifying
patients who are harmed by medication errors, only 26% (of 69) estimated the incidence of harm due
to medication error. One commented that the error rate is “impossible to estimate due to under-

reporting."
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Estimates of the number of patients harmed by medication error varied widely, from 0 to
26000 in the last year (or .003 to 1 per admission). The median estimated number harmed was 36
(n=19); the median estimated rate per 100 admissions was .26 (IQR=.57 to 1.2). Thirty-nine percent
of respondents considered the risk of experiencing harm as a result of medication error to be low;
53% considered it moderate, and 8% considered it high (n=62).

3.4.7. Spontaneous Comments about Implementing New Technologies

A few respondents commented on the difficuity of obtaining funding for new technology.
“The level of technology adoption in the hospital also depends on the vision, skill and support of the
Information system department.” “Most of it isn't ready for prime-time...we're sometimes
implementing immature technology [and] need to shake down the technology . . . [One] problem is
the interfaces”: for example, “Our POE system is not linked with our pharmacy system. This
increases complexity of order processes and may contribute to increased errors.” Three others
commented on a desire for an improved CDSS. ,

3.4.8. Secondary Objective: Potential Independent Predictors of Use

An examination of the Pearson bivariate correlations of potentially predictive variables
(acute-care beds; total beds; budget per bed; opinion of the level of use; and perception of the risk of
patient harm) found no correlations greater than 0.3, other than the total number of acute-care beds
with the total number of beds (R=0.81). Likewise, no pairs of technologies, other than automated
dispensing and unit-dosing (R=0.54), and bar-coded dispensing and satellite pharmacy (0.34), had
correlations greater than 0.3. This suggested that it was appropriate to employ multiple logistic
models to examine potential predictors of technology use. Thus, we proceeded with separate,
technology-specific models, with the exception of automated dispensing and unit-dosing dispensing,
which were considered redundant (automated dispensing devices dispense unit doses).

In single-predictor models, respondents at hospitals that used the technologies more were less
likely to say that their hospitals should increase their level of technology use. For example, the
median odds of responding that the use of a technology needed to increase were 80% lower among‘
users of the technology than among non-users (median OR=.20, n=7, range .061, for unit-dosing, to
1.27, for satellite pharmacy; the 95% C.I of the calculated median OR was .024 to 1.65: the 95% ClIs
for unit-dosing was .008 t0.49, and for satellite pharmacy,.46-3.5). The median odds of responding
that the use of a technology needed to increase were 85% lower at hospitals in which at least 90% of
beds were serviced by the technology (versus those that did not have 90%): median OR= .15, n=7,
range, range <.001 for clinical pharmacy services to .83; 95% C.I. of the median OR was .05 t0.46, -
of the lowest OR was not calculable, and of the highest OR was.29-2.4). Thus, respondents’

attitudes to their hospitals’ levels of technology use seem likely to be reflections of hospital levels of
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use. To avoid a likely confounding of cause and effect, respondents’ attitudes to their hospitals’
levels of technology use were not entered into the multi-predictor logistic models as potential
predictors.

Likewise, error ;;erception was not entered into multi-predictor models of technology use,
due to the low percentage of respondents who estimated the local error rate (26%). A notable result
which came from investigating the association of technology use with error perception (low vs.
medium or high) was that respondents’ odds of perceiving a low risk of patient harm due to
medication error—as opposed to a medium-to-high risk—were 6.0 times higher (95% CI = 1.9-19.2)
among respondents whose hospitals had deployed unit-dose systems in at least 90% of beds.

What remained as potential model predictors, then, were three measures of bed numbers
(number acute, continuous; number total, continuous; above or below 500 total, binary). Table 28
displays statistically significant associations between hospital characteristics and any technology use
of the 14 technologies of interest, minus a few of the technologies. As there was only one user of
computerized decision support for physician order entry, and one user of bar-coding for drug
administration, it was not possible to make statistical inferences about possible predictors of those
technologies’ use. Also, given the association between unit-dosing and automated dispensing, it was
thought redundant to present two associations in Table 28.

Table 28: Statistically Significant Potentially Independent Predictors of the Use of
Technologies (/11 technologies*)

Per 100-Acute-bed Per Budget Increase of
Use of Increase $50000/bed
OR (95% confidence OR (95% confidence interval)
interval)
Automated dispensing 2.00 (1.25-3.2) -
Bar-coding for dispensing 1.35 (1.003-1.82) -
Pharmacy intravenous admixture service 2.6 (1.13-6.1) -
Satellite pharmacy 1.81 (1.2-2.7) -
Computerized physician order entry - 1.61 (1.09-2.37)

*two had one user; the use of unit-dose was correlated with automated dispensing (R=0.54). we present the -
relationship with the number of acute-care beds as opposed to the total number of beds since the trial-based
evidence in the systematic review comes mostly from the acute-care setting, and the technologies seem
indicated primarily in the acute-care setting

The following associations were observed when allowing multiple predictor variables into
the logistic regression models (one hospital size measure at a time). In terms of hospital size, the
total number of beds was associated only with the use of automated dispensing. Hospital size of
more than 500 total beds was associated with automated dispensing, plus unit-dosing, pharmacy IV
admixture services, and satellite pharmacies. The number of acute-care beds was associated with the

above four technologies—automated dispensing, plus unit-dosing, pharmacy IV admixture services,
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and satellite pharmacies—and bar-coding (there was a similar association between bed numbers
greater than 500 and bar-coding which did not reach statistical significance). The hospital’s budget
per bed was associated only with any use of computerized physician order entry. Please see

Appendix 6 for more details about the logistic modeling.
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3.5 Discussion

This survey is unique in addressing hospital plans for change in technology use, and
pharmacy directors’ attitudes to technology use and perceptions of medication error. Furthermore,
the survey’s response rate of 78% makes its results highly representative of Canada’s 100 largest
acute-care hospitals. Clinical pharmacy services, pharmacy IV admixture services, CDSS for
pharmacy order entry, unit-dose systems, and computerized MARs are the most widely used of the
technologies investigated: used at least nearly 70% of hospitals. They service most of the beds in
most of the hospitals: an average of between 55% and 69% of beds. Twenty-one percent of
respondents would choose one of the five technologies as their hospital’s next investment. Among
this group of established technologies, clinical pharmacy services appear to be a particular priority for
expansion. Clinical pharmacy is the technology most commonly planned for expansion, although
automated dispensing, pharmacy IV services, and CQI were close behind: in terms of pharmacy
director priorities, .clinical pharmacy services lag behind automated dispensing, bar-coding, and
CPOE, and only tied with the computerized MAR.

Automated dispensing units are also used in a majority of hospitals, although their bed
coverage lags significantly behind that of unit-dose systems. The most popular “next investment,”
and high up on plans for expansion, automated dispensing could free human resources to provide
more clinical pharmacy services. In contrast to automated dispensing devices, half of hospitals have
CQI programs and satellite pharmacies, but they were low priorities for expansion--althdugh the
directors commonly expected CQI programs to expand and were generally positively inclined
towards them.

In spite of pharmacy directors’ very unfavourable opinion of traditional and ward-stock
pharmacy, the use of traditional pharmacy persists, although total ward-stock has been almost
eliminated. Controlled/carded dosing is common in small areas of these acute-care hospitals.
Respondents’ high opinion of the superiority of the unit-dose system to traditional, ward-stock, and
controlled/card systems was reflected in their six-times higher likelihood of perceiving a low risk of
patient harm due to medication error when their hospitals had deployed unit-dose systems in at least
90% of beds (as suggested by the Lilly report).

The least commonly used technologies, the ones with the greatest potential for expansion,
were bar-coding, CPOE, and CDSS for CPOE. Bar-coding is the second-most-popular technology to
invest in next (25%), and CPOE is third (12%). |

[Mustrating the difficulty of integrating new technologies into existing systems, the Eli Lilly
survey noted that only 3 of 9 CPOE users had linked their CPOE systems to their Pharmacy
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Information Systems.”* This suggests that integration of new information technologies into existing
systems may be a long process.

As in the Eli Lilly survey*” and an American survey,”®

the number of beds was often
associated with technology use. On the whole, results did not differ greatly from the Lilly survey.
Compared to the Lilly survey, this survey had a higher response rate (57% versus 78%), a smaller
sample of hospitals with a larger average number of beds (312 versus 499), and a much shorter
questionnaire. Compared to the Lilly survey, this survey’s respondents reported more unit-dosing
(bed-weighted, 45% vs. 53%), less CDSS for pharmacy (77% versus 93%), and a greater percentage
of pharmacists providing clinical pharmacy services (39% vs. 53%, although Lilly saw 45% in
teaching hospitals which tend to be larger). Within the thesis survey sample, there were positive
associations between the number of beds and the use of clinical pharmacy and unit-dosing, and a
negative association between size and use of CDSS for the pharmacy system. Thus, these
differences between studies are consistent with the variation inside the thesis survey. Proportionally,
the two surveys were within a couple percentage points with regard to the use of IV admixture
services, controlled/carded dosing, CPOE, and CDSS for CPOE.

| The associations with the number of hospital acute beds and the hospital budget per bed
suggest that hospital resources may limit hospitals’ ability to adopt many of the technologies intended
to prevent medication error. Pharmacy directors’ comments about the immaturity of some
technologies support this hypothesis, in that they suggest a requirement for the resources to develop a
technology locally.

Respondents’ median estimates of medication-error rates were consistent with the Harvard
Medical Practice Study (HMPS) in New York,'*" although lower than estimated through more
sensitive methods'®, or suggested by the recent Canadian study. Respondents’ median estimate
worked out to 0.26/100 admissions harmed by medication errors, versus the HMPS-estimated
0.33/100 admissions, and the Bates-estimated 1.8/100 admissions (and 1.8 drug-or fluid-related
AEs/100 admissions in Canadian hospitals, of which an unknown number are preventable).**
However, extensive variation among estimates of patient harm due to medication error and extensive
non-response suggest that pﬁarmacy directors are uncertain about the impact of medication error,
which most feel is a moderate risk. This uncertainty inhibits the deployment of appropriate error-
preventing measures. Uncertainty about the magnitude of the impact of medication error is a barrier
to a proportional response to the problem. Also, uncertainty about the magnitude of the impact
suggests uncertainty about the nature of the harm caused by medication error, which detracts from the

priorization of efforts to prevent the medication errors which cause the most readily prevented ADEs.
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Potential limitations of survey data collection include coverage error, non-response bias, and
measurement error. Mixing modes of survey communication reduced coverage error, in that the
unavailability of one contact address (e.g., email) did not prevent a hospital’s inclusion in the sample
frame. Survey non-response bias is a potential survey limitation; however, given the low rate of non-
response and the similar recorded characteristics of responders and non-responders, the bias likely is
limited in magnitude. Self-report is a limitation but respondents accurately reported bed size.
Measurement error may have resulted from respondents’ lack of knowledge, social acquiescence, or
variation in respondents’ definitions of “current” use. Mixing survey distribution media is unlikely to
have introduced variation, as the same MS Word file was emailed and faxed. The inability to
determine temporal relationships limits the exploration of potential determinants of technology use.

With this study of the use of error-preventing technologies in a representative sample of
Canada’s 100 largest acute-care hospitals, it is now possible to examine the correspondence between
technology use, and the evidence of the technology’s effectiveness. The identification of potential
determinants of the use of specific technologies may also facilitate a dissemination strategy which
reflects both the evidence of effectiveness, and our Canadian context.

What follows in chapter 4 is an overall discussion which integrates the results of the

systematic review (chapter 2) and survey (chapter 3: i.e., this chapter).
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4. Overall discussion

Adverse drug events caused by medication errors are regular occurrences in Western
hospitals: probably in at least about 1% of patients, and likely in several times that number (see
section 1.3.1). Cost analyses suggest that these ADEs increase hospitalization costs on the order of
US$2000 per admission when they occur in the United States.”

This thesis comprises a systematic review to assess the evidence of the effectiveness of
hospital-based interventions in the prevention of such events, and a Canadian survey to determine the
use of such technologies (and potential barriers and supports to technology use).

Systematic review

The systematic review synthesized the evidence published from 1985 to 2002 about all
inpatient drug-distribution technologies related to medication error and adverse drug events. The
review included 135 articles, which provided 154 sets of relevant comparisons. The evidence was
consistently favourable; however, it is not possible to draw firm conclusions about technologies’
effectiveness due to the limitations of the included studies: e.g., due to the observational nature of
89% of the technology comparisons. The limitations of the data in this review are related to threats to
individual studies’ internal validity, the threat of publication bias, study heterogeneity, moderate
inter-rater agreement with regard to study inclusion, and the unvalidated process of data extraction
and analysis. Also, the study questions often were limited to the intended effects of the newly minted
technologies, and they rarely addressed clinical outcomes.

Of the 23 technology groupings, it seems that the most promising intervention for clinical
application is the clinical pharmacist, but that future research may elucidate important roles for CDSS
for CPOE, bar-coding for drug administration, or sleep-oriented scheduling.

Only the studies of clinical pharmacists, kinetic dosing, nomograms, and CDSS (mainly with
CPOE) offered compelling evidence about avoiding preventable ADEs or all-cause ADEs: only
CDSS and clinical pharmacists are indicated for broad patient allocations. The estimated benefit with
clinical pharmacists was similar to CDSS+CPOE, which was much greater than with CDSS unlinked
to ordering. These prescription-related technologies scored Bs and a C according to the Oxford
Grading Scheme, which is better than the other technologies but not conclusive.

Almost all the remaining technologies altered drug dispensing and administration. Their
evaluations relied on assessments of the error rate or potential ADEs, with essentially no patient
follow-up on preventable or all-cause ADEs. Of these interventions, some of the more promising
(scoring Oxford Cs) were electronic medication record linkage, bed-side drug dispensing, physician

education about prescription-writing, and unit-dose systems. Automated dispensing also scored a C,
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but was associated with quantitatively small benefits. CDSS for dispensing calculations and
dedicated night officer teams scored Ds but suggested potentially sizeable benefits.

The evidence for the following technologies was consistent with regard to error reductions
but D-level and generally not dramatic: CPOE, computerized pumps, standard drug protocols, verbal
orders, self-administration, double-check, decentralized pharmacy, e-medication profile creation, bar-
coding, altered drug-administration models, FMA, RCA, CQl, and multi-faceted interventions.

Pfomising technologies for future research included CDSS for CPOE, as well as bar-coding
for drug administration and sleep-oriented scheduling.

Survey \

About 78% of Canada’s largest acute-care hospitals responded to the survey about
technology use. The characteristics on responding hospitals and non-responding hospitals were
similar. The main limitation of the survey is that it relies on self-re‘port.

Of the technologies investigated, clinical pharmacy services were most common: in 97% of
hospitals and a mean of 69% of beds. Next were pharmacy-based IV admixture services, CDSS for
pharmacist order entry, unit-dose systems, and computerized MARs, in 67 to 81% of hospitals, and in
55-72% of beds. Traditional pharmacy, automated dispensing, satellite pharmacy, and CQI programs
were used in middling amounts: at 49-59% of hospital‘s, in 35%, 35% and 9% of beds, respectively.
Ward stock and controlled/carded dosing were used in 16% and 30% of hospitals, in less than 10% of
the beds. CPOE, CDSS for CPOE, and bar-coding for drug dispensing and administration were ﬁsed
in less than 10% of hospitals, in no more than 6% of beds.

Most pharmacy directors reported hospital plans to increase the use of most of the

technologies: 60-80% planned to increase clinical pharmacy services, automated dispensing,
| pharmacy IV services, CQI, and CDSS for pharmacy staff; 40-60% planned to increase CPOE, bar-
coding, computerized MARSs, unit-dosing, CDSS for CPOE; 27% planned to increase satellite
pharmacy use; and 5% or less planned to increase controlled/carded dosing, traditional pharmacy, and
ward-stock pharmacy.
Pharmacy directors felt that the use of most technologies should increase: especially (>90%)
| CDSS for CPOE, CPOE, clinical pharmacy services, bar-coding both for administration and
dispensing, and CQIL 78 to 84% felt that automated dispensing, pharmacy IV services, and CDSS for
pharmacy staff should increase. The percentage which felt that unit-dosing and computerized MARs
should increase was in the low 60s. 36% felt that satellite pharmacy use should increase. No more
than 3% of pharmacy directors felt that the use of the above technologies should decrease; however,
16%, 68% and 71% felt that controlled/carded dosing, ward-stock, and traditional pharmacy should

decrease, compared with 5%, 0%, and 0% who felt it should increase.
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Although 84% of hospitals employ a method of identifying patients harmed by medication
errors, only 26% estimated the incidence of harm due to medication error. This item nor;-response
may reflect a concern about privacy or a genuine lack of pharmacy director knowledge about the
harm caused by medication errors in their hospitals.

Pharmacy directors’ favourite technologies were automated dispensing (33%), bar—coding'
(25%), CPOE (12%), clinical pharmacy services (7%), and computerized MARs (7%).

How does the use correspond to the evidence of effectiveness? (see Table 29)

The following discussion is not complete, in that it does not consider implementation costs,
nor does it consider benefits outside of those that accrue directly to the patient. The evidence has
many gaps which have been noted. In focusing on medication safety, this review did not consider
other potential benefits of the technologies. This review has attempted not to confuse the absence of
evidence with evidence of absence; nevertheless, the absence of evidence is a source of uncertainty.

The survey itself raised a red flag about the generalizability of the studies in the systematic
review. Pharmacy directors’ comments about technologies’ immaturity and the need to customize it
locally emphasize the potential variability of technological applications, and consequent uncertainty
about their results.

That said, clinical pharmacy was the technology with relatively generalizable evidence of the
greatest benefit to patients, and was used most commonly in hospitals: on average, in 69% of beds
(inter-quartile range, IQR, of 58-100). On average, hospitals employed one clinical pharmacist for
every 30 beds, which is half of what was employed at the two studies with intensive follow-up which
suggested that clinical pharmacy could provide the greatest benefits to patients."”'% Given that the
clinical pharmacy study which merely changed pharmacist responsibilities was negative,” patients
may benefit from increased clinical pharmacy staffing, in spite of widespread bed coverage by
clinical pharmacists. Thus, hospitals’ frequent plans to expand clinical pharmacy services seem
appropriate as a way to invest from among the technologies in this review.

The evidence for the use of the other technologies investigated by the survey was limited to
comparisons of error rates (the survey did not quantify the use of nomograms and pharmacokinetic
dosing, whose scope is limited to sub-populations within hospitals). The survey found relatively high
use of a couple of older Atechnologies whose evidence received a C-grade: unit-dosing, and CDSS for
pharmacists (which depends on the Computerized Medication Administration Record). Automated
dispensing also receivéd a C-grade: it was used in a mean of only 35% of beds, but was frequently
slated for increased use, and was first among pharmacy directors’ priorities for expansion.

Hospitals generally used less of the technologies which had less evidence of effectiveness,

such as satellite pharmacies, bar-coding, and CPOE. The exceptions to the rule among the surveyed
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technologies were e-medication profiles and CQI programs. E-medication profiles were commonly
used, in 67% of hospitals; however, they are necessary for CDSS, which had better evidence, and
may be useful for functions such as inventory‘management. CQI programs were difficult to assess on
their own, although they were in half of hospitals and sldted for expansion in 69%.

Table 29: Comparison of the effectiveness and use of single interventions

Evidence for Technology Prevalence | Bed % Technology use should
Effectiveness (%) Coverage increase minus %
(mean %) technology use should
decrease
Decent (grade | Clinical pharmacy 97 69 96
A-C: not D/D)
evidence about | CPOE+CDSS ! 1 96
preventable or | Kinetic dosing 92 '
all-cause Nomograms not determined
ADEs
Medication CPOE linked to MAR * | not determined
errors
prevented Bed-side dispensing not determined
(Grade C) Physician education not determined
Unit-dose systems 75 55 59
Automated dispensing | 56 35 84
highly automated not determined ’
systems
Medication CDSS for dispensing not determined
erTors calculations
prevented
dramatically
(Grade D)
Medication CPOE 9 [ 6 | 96
€ITorS Computerized pumps not determined
prevented Drug protocols not determined
(Grade D) Verbal orders not determined
Self-administration not determined
Double-check not determined
Decentralized pharmacy | 50 9 33
e-medication profile 67 55 63
Bar-coding for 9 6 91
dispensing
Bar-coding for 1 0.6 94
administration
Drug-administration not determined
models

Based on the evidence from the systematic review, it would be worth considering expanding
clinical pharmacy services instead of automated dispensing, since the evidence suggests greater |
benefits from clinical pharmacy services than from automated dispensing (regardless of whether the
automated dispensing replaces an existing unit-dose system or an existing ward-stock system).

Another concern is that pharmacy directors’ enthusiasm for technologies like CPOE and bar-coding
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precedes decent evidence of the technologies’ effectiveness, a situation not unique to this area of
health care. A pessimist might say that there is no good evidence for the effectiveness of any of the
technologies; however, currently, the evidence for bar-coding and CPOE is particularly
unconvincing, and the managers of hospitals’ drug distribution appear particularly enthusiastic about
these technologies. Hospitals that do implement CPOE should be encouraged to link CPOE to the
pharmacy records, and to develop their systems of CDSS (which likely requires other database links).

Research implications

The systematic review found that the evidence consistently favoured the technologies, but
was uncertain due to study limitations. Future research should be guided by either an objective to
confirm high-magnitude benefits, or the objective of evaluating technologies with minimal evidence
whose use appears likely to change significantly in the next several years. Studies should attempt to
replicate the clinical pharmacy studies in manner which minimizes pharmacists’ awareness of their
publishable evaluation, to minimize the reactivity of the study measurement: ideally, with
pharmacists randomized at a group level, to evaluate system-level effects; with clinically meaningful
and reliable outcomes, to decrease uncertainty about benefits; and with varying pharmacist-to-patient
ratios, to determine optimal pharmacist staffing levels (recall that the trials used higher staffing ratios
than Canadian hospitals). Future studies may also evaluate bar-coding and CPOE: their use is
currently low (<10% of hospitals), but about 95% of pharmacy directors want them in their hospitals,
so their use seems likely to iﬁcrease significantly in spite of the poor state of existing evidence.
Finally, potentially large effects have been noted with sleep-oriented scheduling; future research may
elucidate ways of using it to improve safety.

In terms of the design of future studies, an ideal study would be comprehensive, compare
comparable groups, measure meaningful and reliable outcomes, and be generalizable.

Studies should assess the whole system that is perturbed. The study population should
include the entire population that is affected by the system change, and study outcomes should assess
both the potential benefits and risks of new technology. In a process that involves multiple steps,
studies should measure errors at the end of the process. Given that error measures are frequently
insensitive and of questionable validity, it would help to augment them with a measure that reflects
follow-up of patient outcomes (or simply follow up on patients without bothering much with errors)
and of the system in time (i.e., not just when new).

If randomization is impossible to ensure comparability, technologies should be compared in
systems that seem similar in terms of both patient and provider characteristics, which includes the
stable use of other technologies (time-series analysis can address time-related biases). The outcome

measure should be the same in both groups. The general rules apply, in terms of prospective
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measures being desirable; it is important not to rely on incident reporting systems, which are of poor
quality.

Generalizability issues that are perhaps more applicable to these technologies are the
promotion of evaluations of externally developed technologies (as opposed to local self-evaluations),
and technology applications that reflect “normal” hospital conditions (as opposed to promotional
technology support from equipment vendors).

Finally, given the scarcity of health-care resources (and hospitals’ fixed budgets), it is
important to generate data about cost-effectiveness, and ideally about cost-utility if possible. Many
of the technologies are expensive to implement: there are costs in the purchase and maintenance of
added equipment, costs in personnel time for the implementation of new systems, and often routine
costs in additional personnel time needed to carry out the elements of drug distribution that are meant
to be made safer (the alternative, demanding more of unpaid time, may have negative externalities:
increasing the workload related to one set of tasks may detract from the performance of other tasks).

There may be cost savings if a system saves employee time: however, it seems that systems
that offer direct savings in employee time are automated systems that are expensive to purchase.

" There may be savings if the system prevents errors that cost the health-care system money: for
example, by extending lengths of stay. It is also conceivable that a medication error that hastens the
onset of palliative care or death may reduce health-care system costs by preventing sick patients’
subsequent costly acute-care use; however, we have not seen this modeled. Finally, the cost of
litigation might be altered.

Managerial implications

At higher managerial levels, a variety of unevaluated systems have been implemented: e.g.,
the Canadian Medication Incident Reporting and Prevention System, task forces, etc. The purely
informational and analytic systems may be viewed as partial means to an end: they do not
intrinsically lead to change”’ Governments should not invest too much money or place excessive
faith in analyses of incident reporting systems or others that are fundamentally limited by data quality
(section 1.8). To address likely publication biases and thereby avoid investing in harmful or
ineffective technologies, it would be helpful to establish a prospective registry of patient-safety
evaluations. Another potentially useful system-wide undertaking would be a flexible, open-source
'CDSS. As schools of medicine and pharmacy teach much of this information already and
increasingly make it Internet-accessible, formalizing decision rules need not involve a re-invention of
the wheel, and the work of coordination offers an opportunity to coordinate clinical teaching with

clinical practice.
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Hospital managers should recognize the serious limitations of the epidemiological evidence
supporting the ability of the technologies to avoid adverse drug events through medication-error
prevention. Given the scarcity of health-care resources and fixed hospital budgets, it is important to
weight likely benefits against costs. Managers should be wary of investing large sums of money in
untested technologies for the sole purpose of improving medication safety, especially if they are
making cutbacks elsewhere. The evidence suggests that if hospitals choose to invest more in the area
of medication safety, they are likely to benefit patients more with increased clinical pharmacy

staffing than by implementing CPOE and bar-coding.
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Appendices: Introduction and Systematic Review

APPENDIX A: electronic literature search
In MEDLINE®, CANCERLIT® , and TOXFILE® (full search details are available upon request).

CCOHTA’s search was designed to identify reports that described all of the following

components:

1) an outcome of medication errors or adverse drug events
(e.g., items 1 and 2 for MEDLINE, CANCERLIT, and TOXFILE, below)
2) a hospital setting
(items 4 and 5 for MEDLINE, CANCERLIT, and TOXFILE);
3) a medication-error prevention technology, defined broadly
(items 7, 8, and 9 for MEDLINE, CANCERLIT, and TOXFILE);

and

4) essentially any study design

(items 11 to 16 for MEDLINE, CANCERLIT, and TOXFILE),
published no earlier than 1985 (due to concerns about the feasibility of the project, and a sense that
studies published prior to 1985 would have little applicability today).

THE ELECTRONIC LITERATURE SEARCH (SAMPLE)
February 4, 2002, updated Nov 6, 2002

In Dialog® de = descriptor, ie. Medical Subject Heading (a controlled, thesaurus term)
ti = title (i.e. word has to occur in title field of the bibliographic record)
ab = abstract (ie word has to occur in abstract field of bibliographic
record) ‘
! = explode; picks up narrower terms as well, i.e. terms which are

conceptually subsets of a broader term. For instance, medication
errors! also picks up medication errors, hospital

(= words must be adjacent

(n)=words must be near each other, i.e. occur in the same field of the

bibliographic record, but not necessarily adjacent
? = truncation symbol

DATABASES
Dialog®0neSearch®

MEDLINE® 155
CANCERLIT® 159
TOXFILE® 156

LIMITS

1985+

KEYWORDS

1. medication errors!

2. [medication(n)error? OR medication(n)adverse(n)effect?
OR medication(n)incident? OR medication(n)mistake? OR
dispens?(n)error? OR dispens?(n)incident? OR
dispens?(n)mistake? OR prescrib?(n)error? OR
prescription(n)error? OR prescrib?(m)mistake? OR
prescription(n)mistake? OR drug(n)administ?(n)error? OR
drug(n)administ?(n)incident? OR
drug(n)administ?(n)mistake? OR drug(n)order?(n)error? OR
drug(n)order?()incident? OR drug(n)order?(n)mistake? OR
drug(n)monitor?(n)error? OR drug(n)monitor?(n)mistake? OR
adverse(n)drug(n)reaction? OR adverse(n) drug?(n)event? OR
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adverse(n)drug(n)effect? OR adverse(n)drug()incident?}/ti,ab
3. Set 1 OR Set 2

4. [hospital departments! OR hospital units! OR hospitals!
OR (pain clinics OR maternal-child health centers OR
rehabilitation centers OR residential facilities OR hospices)/de
5. health()system?/ti,ab OR hospital? OR rehabilitation()cent?
OR hospice? OR pain()clinic? OR residential()facilit? /ti,ab)]
6. Set 4 OR Set 5§

7. (medication systems! OR hospital information systems OR
medical informatics computing! OR drug information
services!) OR (drug therapy, computer-assisted OR medical
informatics applications OR decision support systems, clinical
OR clinical laboratory information systems OR decision
making, computer-assisted OR decision support systems, -
management OR information systems OR medical records
systems, computerized OR integrated advanced information
management systems)/de

8. [ alert?(n)system? OR clinical(n)alert? OR
drug(n)distribution(n)system? OR unit()dose? OR
unit()dosage? OR peripheralQorder()entr? OR robot? OR
bar()cod? OR automat?(n)drug? OR administration()schedul?
OR automat?(n)alert? OR charting OR kardex OR
comput?(n3)medicat?(n3)administr?(n3)record? OR
computer?(n)order?(n)entr? OR pyxis OR pyxisveri5 OR
docudose OR docuscan OR script()pro OR scriptpro OR
baker()cell OR autros OR bppoc OR OR cpoe OR visualmed
OR leapfrog OR pocketscript OR invision OR
sunrise()clinical()manager OR clinicomp OR lastword]/ti,ab
9. pharmacists/de OR nurses! OR nursing staff! OR medical
staff, hospital! OR nursing staff, hospital OR physicians! OR
nurses’ aides! OR pharmacists’ aides OR physician assistants!
OR (pharmacist? OR nurse? OR physician? OR doctor? OR
medical(w)staff OR psychiatrist? OR opthalmologist? OR
pediatrician? OR gastroenterologist? OR medical(w)student?
OR risk()manager? OR nursing()student?)/ti,ab

10. Set 7:Set 9

11. dt = (clinical trial OR clinical trial, phase i OR clinical
trial, phase ii OR clinical trial, phase iii OR clinical trial, phase
iv OR meta-analysis OR controlled clinical trial OR
randomized controlled trial OR multicenter study OR review
OR review literature OR review, multicase OR review of
reported cases)

12. clinical trials! OR review literature! OR cohort studies!
OR case-control studies! OR data collection! OR risk
management OR (double-blind method OR random allocation
OR meta-analysis OR evaluation studies OR case report OR
case-control studies! OR organizational OR case studies OR
feasibility studies OR clinical protocols OR peer review,
research OR observation OR pilot projects OR theoretical
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study OR program evaluation OR quality assurance, health
care OR total quality management OR medical audit OR
questionnaires/ de

13. [(random? OR controlled()trial? OR controlled() clinical()
trial? OR clinical() trial? OR double() blind? OR
historical()control? OR pre()measurement OR
post()measurement))/ti,ab

14. (multicent? trial? OR multi cent? trial? OR meta analy?
OR metaanaly? OR meta-analysis)/ti,ab

15. [research() integration OR research() overview? OR
quantitative()review? OR quantitative() overview? OR
methodologic() review? OR methodologic() overview?]/ti,ab
16. [systematic(Joverview? OR systematic(Qreview? OR
integrative(research OR quantitative()synthesis OR
comparative()stud? OR prospective()stud? OR
retrospective()stud? OR single()blind? OR triple() blind? OR
treble() blind? OR dummy OR sham OR rct OR
quality(3n)improvement? OR cqi OR tqi OR
total()quality()improvement OR total()quality()management?
OR case()stud? OR case()series OR case(Jreport? OR
organizational()stud? OR review? OR self(Jreport?}J/ti,ab
17. Set 11:Set 16

18. Set 3 AND Set 6 AND Set 10 AND Set 17
19. Set 18/1985:2002

20. Set 19 from 155 (MEDLINE)

21. Set 19 from 159 (CANCERLIT)

22. Set 19 from 156 (TOXFILE)

23. economics! OR quality of life!

24. (economic? OR quality of life? OR cost? OR price? OR
pricing OR expenditure? OR budget? OR qol OR qaly OR
quality adjusted life year? OR discount? OR willingess to pay
OR affordability or discount)/ti,ab

25. Set 23 OR Set 24

26. Set 3 AND Set 6 AND Set 10 AND Set 25

27. Set 26/1985:2002

28. Set 27 from 155 (MEDLINE) (Economic

results)

29. Set 27 from 159 (CANCERLIT) (Economic results)
30. Set 27 from 156 (TOXFILE) (Economic results)
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1.0 Background

Medication errors in hospitals are common, costly, and often preventable. Although most errors are
minor, a small proportion result in an injury or preventable adverse drug event (ADE).! Although
there is no reliable Canadian data on errors, ADE have been rigorously studied in United States,
United Kingdom, and Australia. ADE ranged from 10-19% of all reported cases of medical errors.”*
Bates et al. (1993) found the rate of ADE to be about 10 per 1,000 patient days; over half (56%) of
the events were judged to be preventable.* Canadian experts estimate that ADE in Canadian
hospitals are likely to occur at similar high rates.’

Since the release of the (U.S) Institute of Medicine’s report, To Err is Human (1999)° there has been
considerable attention paid to the problem of medical errors in health care. This report was
successful in capturing the attention of the public, by highlighting the extent of medical errors in the
US. Authors of the report emphasize that most errors are not due to individual incompetence, but are
the result of system failures. In two tertiary hospitals, Leape et al. (1995)" evaluated systems failures
that underlie errors causing ADE and found that seven system failures accounted for 78% of the

errors. The authors reported that system changes to improve information systems could help to
decrease errors.

Health technologies, such as physician/provider-order entry, may help to provide part of the solution
in the development of more effective systems to address system failures. Bates and colleagues
studied the use of physician-order entry and reported a 55% reduction in serious medical errors.'
Physician evaluators in a review of preventable and potential ADE found that unit-based clinical
pharmacists could have potentially prevented the majority of errors.?

The overall objective of the CCOHTA project is to perform a systematic review of the existing
literature to assess the clinical effectiveness of health technologies in the prevention of medication
errors in hospital settings. The primary outcome of the systematic review will be medication errors
and ADEs, preventable and potential in hospitals settings. Secondary outcomes of the study will
include non-clinical outcomes (human and financial resources). Various health technologies
identified in the comprehensive literature search will be considered for analysis. A review of
economic studies of such technologies will also be undertaken, and the analytical approach that

would be used to assess the cost effectiveness and budget impact of these technologies will be
outlined.

2.0 Research Objectives

1. To perform a systematic review of the literature to assess the clinical effectiveness of health

technologies in the prevention of medication errors in hospital settings:

Examples of Technologies include:

Treatment Decision-making:  Computerized Physician/Provider Order Entry, Pharmacist
Participation on the Ward

Dispensing/Administering: Robots, Bar Coding, Automated Dispensing Devices,
Computerized Medication Administration Records, Unit Dosing
Monitoring: Computerized Warning of Potential Medication Errors and/or

Adverse Drug Events, Pharmacist Participation on the Unit

2. To: (a) perform a systematic review of the literature assessing the cost effectiveness and budget
impact of using health technologies in the prevention of medication errors in hospital settings, and (b)
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outline the ‘analytical approach that would be used if the reader was to perform a cost effectiveness
analysis and a budget impact analysis of these technologies for a particular jurisdiction.

3.0 Methods

For details of the search terms, syntax, and logic see attached Appendix A.

-A OneSearch® of the bibliographic electronic databases MEDLINE®, TOXFILE®, CANCERLIT®,
EMBASE®, BIOSIS Previews®, and Pharmaceutical News Index (PNI®) will be performed on the
Dialog® system using strategies specific to each database, and duplicate references will be

eliminated. Depending on the number of references, the search retrieval will be limited to searching
from 1970, 1975 or 1980.

Other databases, such as Cinahl, via CINAHLdirect® Online Services, and The Cochrane Library on
CD-ROM, via The Cochrane Collaboration & Update Software, will be searched for relevant
references. References on the economic aspects of the topic will be supplemented by searching
HEED (Health Economic Evaluations Database) on CD-ROM via OHE-IFPMA Database Ltd.

A variety of approaches to identifying and retrieving grey literature (for example abstracts from
meetings and conferences, policy papers, etc.) will be employed, such as Internet searching using a
variety of search engines. The websites of known organizations participating in initiatives in the field
of medical errors and patient safety, such as the Canadian Medical Society, Health Canada, and
others, will be scanned.

In addition, CCOHTA’s HT A Checklist of websites, which includes member agencies of the
International Network of Agencies for Health Technology Assessment (INAHTA), for example,
Agency for Healthcare Research and Quality (AHRQ), and specialized databases (for example, the
University of York NHS Centre for Reviews and Effectiveness) will be scanned.

The investigators will hand-search the bibliographies of relevant papers for additional references, and

experts identified by the investigators through reading and participation in meetings related to the
topic, will be consulted.

b. Study Selection Inclusion and Exclusion Criteria and Procedures

The selection inclusion criteria for this review are that the study must: 1. contain information about
medication errors; 2. contain information about health technologies; 3. be relevant to hospital
settings (i.e. acute, critical, rehabilitation, and long term care populations); nursing home settings and
retirement homes with assisted living programs will be excluded; 4. contain all study designs, case
studies and comparative studies; and 5. be published in 1985 or later. No language restrictions will
be placed on the selection of abstracts and for the inclusion of papers in the report. JJ will conduct a

pilot project to evaluate the proposed search methods. The search may be adapted based on the
findings of the pilot.

Two reviewers will independently be involved in the selection of relevant studies as well as in the
data abstraction. Each reviewer will independently use a standardized data abstraction form to
abstract data from each identified study. Additional variables that will be abstracted for studies of the
economic review will include the type of economic study, comparator, study perspective, types of
costs and consequences, data sources, assumptions, and handling of uncertainty.

c. Study Quality Assessment
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d. Constraints and Risk Management

Access to unpublished information from technology vendors may be a challenge consideration.

David U, a well-recognized clinical expert in health technologies, will provide valuable assistance in
obtaining unpublished and published studies.
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APPENDIX C: Kappa Calculation

Kappa statistic for multiple raters

Let n represent the number of articles,

m; represent the number of raters who assessed whether or not to include the i-th article,
x; represent the number of raters who chose to include the i-th article,

m,,. represent the average number of rater opinions per article, and

Poverant TEpresent the overall proportion of articles chosen for inclusion.

Then
zn: x,(m; —x,) |
-1 i=l1 m,' !
n(mave - 1)(p overall )(1 - p averqll)
where
M, = Zm,. /n
i1
and
n m
D overall — —
“ 2 (n)(m,,,)
Reference

Fleiss JA. Statistical Methods for Rates and Proportions 2™ ed. New York: John Wiley

& Sons, 1981. ch. 13, p. 225-228.
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APPENDIX D: Data Abstraction Tool

Date of abstraction:
Reviewer’s initials: Reference manager number:

Study Information

Author(s):
Country where study carried out:
Year of publication:

Funding source: Conflict(s) of interest:
notes:

Study Design

Study type: (rct, cohort, pre-post, case-study):
Study design (prospective, retrospective):
Number of centres:

Study setting (teaching/non-teaching, pediatric/adult; whole hosp./specific units; specialized center)

Outcome measures (definitions)
Medication errors

Preventable adverse drug events
Potential adverse drug events/ near-misses

Type of interventions/health technologies
1.

2.

3.

Description of study population

general

1.

2.
3
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Observation periods

was study analysis conducted on an ITT basis?

Study Findings:

n.b.,

please report standard deviations, standard errors, statistical tests, p

yes

-values, etc

please define observation periods, if they differ from what’s defined above, in the left-most column:
e.g., for pre/post studies, state time frame of measurement

Outcome

Group 1:

Group 2:

Group 3:
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Error-ascertainment method

(please check all that apply) If Y, who ascertained errors?Incident reporting
(retrospective) 0 n/a

Study-elicited voluntary report 0

Chart review-single, retrospective 0
Chart review-repeated daily 0
Direct observation 0
Other (specify): 0

Undefined 0

Limitations / other comments:
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APPENDIX E1: Systematic Review Analyses (original plén, from thesis proposal)

Subgroups 1) technologies and 2) study designs (pre/post, cohort, RCT)

Sensitivity Analyses:

MAJOR ONES
Variable States
POPULATION
Hospital type -pediatric
-adult

OUTCOME

Error-ascertainment method

-direct observation
-retrospective chart review
-incident reporting
-combination

Definition of error

-an error that reaches the patient
-errors including potential errors

Stage of error

-all

(n.b. should overlap with -prescription
ascertainment method) -transcription/ verbal communication errors
-dispensing (by pharmacy)
-administration
INTERVENTION
length of follow-up T.B.D.
MINOR ONES
POPULATION
Type of ward -ICU
-Non-ICU
Hospital type -teaching
-non-teaching
Hospital size -bed number
Number of centers 1
>1
OUTCOME
# of independent error observers 1
>1
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APPENDIX E2: Oxford Evidence Grading System

“Levels of Evidence and Grades of Recommendation

Introduction

- - - these levels and grades speak only to the validity of evidence about prevention, diagnosis, prognosis,
therapy, and harm. Other strategies, described elsewhere in the Centre’s pages, must be applied to the
evidence in order to generate clinically useful measures of its potential clinical implications and to
incorporate vital patient-values into the ultimate decisions.

. |Diag

SR (with
homogeneity*) of

SR (with

homogeneity*) of

“.'Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001)

%CO

dec

SR (with
jhomogeneity*) of

jinception cohort

&evel I diagnostic
t

prospective cohort

SR (with

ihomogeneity*) of
iLevel 1 economic

studies; CDR Y udies; CDRT with [studies studies
validated in 1b studies from
different different clinical
populations centres
dividual RCT dividual Validating™®* cohort {Prospective cohort  jAnalysis based onj
(with narrow inception cohort study with gooditt [study with good clinically sensible
study with > 80% jreference standards; jfollow-up**** costs or

ifollow-up; CDRt

or CDRT tested

validated in a
lsingle population

within one clinical
centre

alternatives;
systematic
review(s) of the
evidence; and
including multi-
way sensitivity
janalyses

All or none$

All or none case-

Absolute SpPins andlAll or none case-

Absolute better-

cohort studies or
untreated control
groups in RCT's

series SnNoutst{ series value or worse-
value analyses
Tt
SR (with SR (with SR (with SR (with SR (with
omogeneity* ) of |homogeneity*) ofjhomogeneity*) of |homogeneity*) of 2b lhomogeneity*) of
cohort studies = jeither [Level >2 diagnostic |and better studies  {Level >2
retrospective. studies economic studies
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Individual cohort |Retrospective  {Exploratory** etrospective cohort {Analysis based on
tudy (including  jcohort study or  [cohort study with  Jstudy, or poor clinically sensible
ow quality RCT; {follow-up of lgoodtitreference [follow-up cOsts or
.8., <80% follow- juntreated control |standards; CDR} alternatives;

up) atients in an after derivation, or {limited review(s)

CT; Derivation (validated only on of the evidence,
of CDR1 or split-sample§§§ or or single studies;
validated on split-jdatabases and including
isample§§§ only multi-way

isensitivity
analyses
'Outcomes” "Outcomes” jEcological studies  iAudit or

Research; Research outcomes

ological studies research

SR (with SR (with SR (with SR (with
omogeneity*) of homogeneity*) of {homogeneity*) of 3b homogeneity*) of
ase-control studies 3b and better studiesjand better studies 3b and better

istudies
dividual Case- Non-consecutive on-consecutive Analysis based on
ontrol Study study; or without ohort study, or very }lirnited
consistently applied {limited population Ialternatives or
reference standards costs, poor
iquality estimates
of data, but
including
sensitivity
analyses
incorporating
clinically sensible
variations.

Case-series (and ~ |Case-series (and [Case-control study, [Case-series or Analysis with no
poor quality cohort {poor quality poor or non- superseded reference sensitivity
and case-control  |prognostic cohort Jindependent standards analysis

based on
physiology, bench
esearch or "first
principles”

ritical appraisal, or

critical appraisal,
or based on

Ehysiology,

"first principles”

ench research or

ritical appraisal, or
ased on

hysiology, bench
esearch or "first
rinciples”

studies§§ ) studies***) reference standard
Xpert opinion |Expert opinion xpert opinion {[Expert opinion {Expert opinion
without explicit without explicit jwithout explicit without explicit without explicit

critical appraisal, or
based on physiology,
bench research or
"first principles”

critical appraisal,
or based on
economic theory
or "first
principles”
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Produced by Bob Phillips, Chris Ball, Dave Sackett, Doug Badenoch, Sharon Straus, Brian Haynes,

Notes

Martin Dawes since November 1998.

Users can add a minus-sign "-" to denote the level of that fails to provide a conclusive answer because of:

t

EITHER a single result with a wide Confidence Interval (such that, for example, an ARR in an

RCT is not statistically significant but whose confidence intervals fail to exclude clinically important
benefit or harm)

O

O

OR a Systematic Review with troublesome (and statistically significant) heterogeneity.

Such evidence is inconclusive, and therefore can only generate Grade D recommendations.

y homogeneity we mean a systematic review that is free of worrisome variations (heterogeneity)
in the directions and degrees of results between individual studies. Not all systematic reviews with
statistically significant heterogeneity need be worrisome, and not all worrisome heterogeneity need
statistically significant. As noted above, studies displaying worrisome heterogeneity should be
tagged with a "-" at the end of their designated level.

Clinical Decision Rule. (These are algorithms or scoring systems which lead to a prognostic
estimation or a diagnostic category. )

See note #2 for advice on how to understand, rate and use trials or other studies with wide
confidence intervals.

8

et when all patients died before the Rx became available, but some now survive on it; or when
some patients died before the Rx became available, but none now die on it.

38

Ey poor quality cohort study we mean one that failed to clearly define comparison groups and/or
ailed to measure exposures and outcomes in the same (preferably blinded), objective way in both
exposed and non-exposed individuals and/or failed to identify or appropriately control known
confounders and/or failed to carry out a sufficiently long and complete follow-up of patients. By
igoor quality case-control study we mean one that failed to clearly define comparison groups and/or

ailed to measure exposures and outcomes in the same (preferably blinded), objective way in both
cases and controls and/or failed to identify or appropriately control known confounders.

888

Split-sample validation is achieved by collecting all the information in a single tranche, then
artificially dividing this into "derivation" and "validation" samples.

Tt

[An "Absolute SpPin" is a diagnostic finding whose Specificity is so high that a Positive result rules-
in the diagnosis. An "Absolute SnNout" is a diagnostic finding whose Sensitivity is so high that a
‘Eegative result rules-out the diagnosis.

T

l?ood, better, bad and worse refer to the comparisons between treatments in terms of their clinical
isks and benefits.

Tt

lGood reference standards are independent of the test, and applied blindly or objectively to applied
o all patients. Poor reference standards are haphazardly applied, but still independent of the test.
Use of a non-independent reference standard (where the 'test' is included in the 'reference’, or where
]the ‘testing’ affects the 'reference’) implies a level 4 study.
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Tt

Better-value treatments are clearly as good but cheaper, or better at the same or reduced cost.

[Worse-value treatments are as good and more expensive, or worse and the equally or more
expensive.

ok 3k

Validating studies test the quality of a specific diagnostic test, based on prior evidence. An

lexploratory study collects information and trawls the data (e.g. using a regression analysis) to find
which factors are 'significant'.

Rk y poor quality prognostic cohort study we mean one in which sampling was biased in favour of
atients who already had the target outcome, or the measurement of outcomes was accomplished in

<80% of study patients, or outcomes were determined in an unblinded, non-objective way, or there
was no correction for confounding factors.

ok ok %k ok

Good follow-up in a differential diagnosis study is >80%, with adequate time for alternative
diagnoses to emerge (eg 1-6 months acute, 1 - 5 years chronic)

Grades of Recommendation

A consistent level 1 studies

B consistent level 2 or 3 studies or extrapolations from level 1 studies
C Level 4 studies or extrapolations from level 2 or 3 studies

D

Level 5 evidence or troublingly inconsistent or inconclusive studies of any level

"Extrapolations" are where data is used in a situation which has potentially clinically important differences
than the original study situation.”
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APPENDIX AG: CCOHTA'’s Role and Michael Saginur’s Role in the Systematic Review

CCOHTA first performed a pre-assessment of the potential feasibility and originality
of a systematic review of the effectiveness of technologies intended to prevent medication
errors, and adverse drug events. In 2001, CCOHTA’s Devices and Systems Advisory
Committee recommended that the systematic review be undertaken.

Study Stage

CCOHTA’s Role

My Role

Study Question

-inclusion criteria

Defined it

-Modified it to include not only
preventable and potential ADEs, but all
ADEs

-Modified inclusion criteria to include
not only preventable and potential ADEs
as an outcome, but also all-cause ADEs.
This clearly diverged from the intentions
of the first CCOHTA project officer
(AF), but later ended up being subsumed
in the second (ultimate) CCOHTA
project officer’s interpretation of the
definition of preventable ADEs.

Electronic Literature Search

Defined and executed

None

it independently.
Data extraction form Created Modified: e.g., included information
about
Error-ascertainment method, and
observation periods
Non-electronic literature search | Partial Partial
Article Screening, data Every study Every study

extraction

Table creation and data entry
based on data extraction

‘Made 10-15% of

initial table entries

Determined table format and entered 85-
90% of table entries based on data
extraction forms

Thesis Analysis? Conclusions?
Discussion?

No

Yes
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APPENDIX 1: Literature search for surveys (Janet Joyce: July i8,2002)

The search for surveys was conceptually very similar to the search for studies of effectiveness, in that
it captured reports on studies (published no earlier than 1985) regarding

1) medication errors or adverse drug events
2) the hospital setting, and
3) a medication-error prevention technology, defined broadly.

Unlike the systematic-review search, the search for surveys did not search for designs like “clinical
trials! OR cohort studies! OR case-control studies...”; instead it searched for two type of studies:

4) studies with a design like a “survey$ or questionnaire$ or interview” (items 1-5),
or
S) or studies whose subject was attitudes (of health personnel to technologies-items 6-7).

Database: CINAHL, ERIC, HealthSTAR, MEDLINE, PsycINFO
Search Strategy:

(data collection or questionnaires) .kw,sh, kf. (231771)
interviews.kw,sh,kf. (46952)

exp interviews/ (61255)

1 or 2 or 3 (281051)

(survey$ or gquestionnaire$ or interview$).ab,ot,ti. (701098)
{(attitude or attitude of health personnel or attitude to
omputers) .kw,sh,ti, kf. (73144) .
((((attitude adj2 technol$) or awareness) adj2 technol$) or
attitude$) .ab,ot,ti. (190292)

NQ oUW N R

8 4 or 5 or 7 (932052)

9 6 or 7 (237944)

10 medical errors.kw,sh,kf. (3752)

11 exp medical errors/ (35488)

12 (((((medical adj3 error$) or medication) adj3 error$) or
medication) adj2 adverse adj effect$).ab,ot,ti. (118)

13 (((medication adj3 incident$) or medication) adj3

mistake$) .ab,ot,ti. (41)

14 (((((dispens$ adj3 error$) or dispens$) adj3 incident$) or
dispens$) adj3 mistake$).ab,ot,ti. (3)

15 ((({(prescrib adj3 error$) or prescription) adj3 error$) or
prescribs$) adj3 mistake$) .ot,ti. (1) ,

16 (((prescription adj3 error$) or prescription) adj3

mistake$) .ab,ot,ti. (15)

17 (((drug adj3 administrat$ adj3 error$) or drug) adj3
administrat$ incident$) .ab;ot,ti. (0)

18 (((drug adj3 order adj3 error$) or drug) adj3 order adj3
incident$) .ab,ot,ti. (0)

19 (((drug adj3 order adj3 mistake$) or drug) adj3 monitor$ adj3
mistake$) .ab,ot,ti. (0)

20 (((((drug adj3 monitor$ adj3 mistake$) or drug) adj3 monitor$
adj3 error$) or drug) adj3 monitor$ adj3 incident$) .ab,ot,ti. (2)

21 (((adverse adj3 drug adj3 reaction$) or adverse) adj3 drug
adj3 event$) .ab,ot,ti. (1796)

22 (((((adverse adj3 drug adj3 incident$) or adverse) adj3 drug$

adj3 effect$) or medical) adj3 error$) .ab,ot,ti. (1388)
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23 ({((((surgical adj3 error#) or surgical) adj3 incident$) or
surgical) adj3 adverse adj effect$).ab,ot,ti. (45)

24 10 or 11 or 12 or 13 or 14 or 15 or 16 or 20 or 21 or 22 or
23 (37876)

25 8 and 9 and 24 (292)

26 (medication systems or hospital information systems or

medical informatics computing or drug information services or
medical informatics applications or decision support systems,
clinical or clinical laboratory information systems or decision
making, computer-assisted or decision support systems, managment or
information systems or medical records systems, computerized or
integrated advanced information managemment systems or drug therapy,
computer-assisted) .kw,sh,kf. (44518) '

27 (mail surveys or telephone surveys).kw,sh,kf. (973)

28 1 or 2 or 3 or 5 or 27 (814905)

29 (attitude measures or attitude change) .kw,sh,kf. (23408)

30 6 or 7 or 29 (248494)

31 ({((((alert$ adj3 system$) or clinical) adj3 alert$) or drug)
adj3 distribution adj3 system$).ab,ot,ti. (131)

32 (((((({(unit adj3 dose$) or unit) adj3 dosage$) or peripheral)
adj3 order adj3 entr$) or robot$ or bar) adj3 cod$).ab,ot,ti. (520)
33 ((((charting$ or kardex or comput$) adj3 medicat$ adj3

administr$ adj3 record$) or computer$) adj3 order$ adj3

entr$) .ab,ot,ti. (174) .

34 ({(((pyxis or pyxisveri5 or docudose or docuscan or script)
adj3 pro) or scriptpro or baker) adj cell$) or autros or bppoc or
cpoe) .ot,ti. (7)

35 { ((visualmed or leapfrog or pocketscript or invision or
sunrise) adj clinical adj manager) or clinicomp or

lastword) .ab,ot,ti. (8)

36 31 or 32 or 33 or 34 or 35 (817)

37 26 or 36 (45106)

38 24 or 37 (82291)

39 28 and 30 and 38 (972)

40 remove duplicates from 39 (623)

41 (((((((automat$ adj3 drug$) or administration) adj3

schedule$) or peripheral) adj3 order$ adj3 entr$) or automat$) adj3
alert$) .ab,ot,ti. (90)

42 36 or 41 (905)

43 4 or 5 or 27 (814905)

44 9 or 29 (248494)

45 24 or 26 or 36 or 41 (82345)

46 43 and 44 and 45 (972)

47 limit 46 to yr=1985-2002 (945)

48 remove duplicates from 47 (596)

49 exp medication systems/ (1491)

50 exp medical informatics computing/ (246451)
51 exp drug information services/ (5183)

52 exp medical informatics/ (300596)

53 49 or 50 or 51 or 52 (305364)

54 10 or 11 or 12 or 13 or 14 or 15 or 16 or 20 or 21 or 22 or

23 or 26 or 31 or 32 or 33 or 34 or 35 or 41 or 53 (346864)
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55
56
57
58
59
60
61
62
63
64
65
66
67
68

1 or 2 or 3 or 5 or 27 (814905)

6 or 7 or 29 (248494)
54 and 55 and 56 (2340)

limit 57 to yr=1985-2002 (2312)

remove duplicates from 58
1006 (1)

from
from
from
from
from
from
from
from
from

59
59
59
59
59
59
59
59
59

keep
keep
keep
keep

keep

keep
keep
keep
keep

1-1431

(1431)

1-10 (10)
1-10 (10)

1-1431
1-1431
1-1431
1-1431
1-1431

(1431)
(1431)

(1431)

(1431)
(1431)
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APPENDIX 2: Acute-care bed definitions

Acute

Not Acute Excluded Distributed
according to
hospital’s
distribution of
other beds

Acute care Chronic Care Bassinets Veterans
Cardiac Complex

Critical Care Detox

Geriatric Discharge planning unit

Geriatric Assessmen Extended Care

Unit :

ICCU/ stepdown Long term

Obs/ Gyn Maternity

Pediatric Multi services

Surgery - Orthopedics

Personal Care

Psych

Rehab

Short term Palliative

Transitional
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APPENDIX 3a: Cover letter #1 [English]

n.b., the exact format changed slightly in the transfer to this document

<title> <first name> <last name>

A few days from now you will receive an email requesting that you answer a
brief questionnaire for a research project being conducted by the Canadian
Coordinating Office for Health Technology Assessment (CCOHTA), in
collaboration with the Institute for Safe Medication Practices (ISMP), Canada.

This project concerns CCOHTA’s review of technologies and systems which
are intended to prevent medication errors in hospitals. The study is an

important one that will help us understand which technologies are being used in
Canadian hospitals.

Thank you for your time and consideration.

Sincerely,
David U, MSc Pharm Michel Boucher, B Pharm, MSc
CEOQO, ISMP — Canada Research Pharmacist, CCOHTA
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Q1. How many inpatient beds are found at your hospital?

beds
TECHNOLOGY USE Q2. Does Q3. (If Yes)
your What
hospital percentage of
use the your hospital’s
technology | inpatient beds
? | are serviced by
the technology?
1. Automated dispensing devices [JNo
(eg, Pyxis, Baxter ATC 212, Omnicell) ] Yes N
%beds
2. Computerized Medication Administration Record [] No
[]Yes >
Y%beds
3. Computerized Physician Order Entry [ No
[ Yes i
%beds
4. Clinical Decision Support System for physician [C1No
computerized order entry (eg. “excessive dose” limits, (e.g., [ Yes N
le-based d interaction check
rule-based drug-drug interaction checks) Y%ubeds
5. Clinical Decision Support System for pharmacy staff O No
computerized order entry (eg. “excessive dose” limits, rule- []Yes— T
based drug-drug interaction checks) %beds
(o}
6. Bar-coding for drug dispensing [JNo
1 Yes >
Y%beds
7. Bar-coding for drug administration CINo
CdYes—{»
Yobeds
8. Unit-dose system . [ No
(even if limited wardstock is available) []Yes—
%beds
9. Controlled/Carded Dosing ] No
[ Yes >
. Y%beds
10. Traditional pharmacy I No
[1Yes i
%beds
11. Ward-stock pharmacy [ No
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[ Yes >
v ‘ %beds
12. Pharmacy-based IV admixture service [ No
[] Yes >
) | %beds
13. Satellite Pharmacy [ No
] Yes ,’
%beds

(If Yes) Which units are serviced? ICU[] OR[]

ED[] Other[]

14. Clinical Phaﬁhacy Services (for inpatients)

(If Clinical pharmacy services are offered to inpatients)

[J No
] Yes

>

a) Please indicate which clinical pharmacy services are provided.
pharmacokinetic monitoring [] interdisciplinary rounds attendance []
medical rounds attendance [] patient counselling []

other

b) How many full-time equivalent pharmacists provide inpatient clinical pharmacy

services?
15. Continuous Quality Improvement program O No
(with personnel time formally allocated to “system-based [ Yes > #
quality improvement” or “patient safety” activities) —_—
pharmacist FTE
16. Other Technology [ Yes > %be
ds
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Q4. What is your opinion of
the amount of technology
now used for the care of
inpatients at your hospital?

Needs
to
increas
e

About
right

Needs
to
decreas
e

Q5. Please indicate
whether your hospital
is likely to increase or
decrease the amount
of technology that it
uses, in the next 2

years.

Increase

Decreas
e

O

a

O

1 Automated medication dispensing
devices

(eg. Pyxis)

O

L

2 Computerized Medication
Administration Record

3 Computerized Physician Order Entry

4 Clinical Decision Support System for
physician order entry

5 Clinical Decision Support System for
pharmacy staff order entry

6 Bar-coding for drug dispensing

7 Bar-coding for drug administration

8 Unit-dose system

9 Controlled/Carded Dosing

10 Traditional pharmacy

11 Ward-stock pharmacy

12 Pharmacy-based IV admixture
service

13 Satellite Pharmacy

O|g| ojoygia|oiogy o) oy O

O|g| O|oygjalaoio) oy oy o

OO O|g|g|gjajojo) oy ajdy d

14 Clinical pharmacy services for
inpatients

0|0y O,0|ojooioio) oy Ogp o

O

U

O]

15 Continuous Quality Improvement
Program

O

O OO0 OjOOio|ojoigy 0o ooy o

Q8. Of the technologies listed above (or others), which one would you have your hospital
invest in next?
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Q7. How many inpatient full-time equivalent pharmacists are employed?
total

Q8. Are you the director or manager of pharmacy at your hospital?
[JYes
[J No (If No), What is your job titie?

=
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labelled with the patient’s name, the drug name, the dispensed

quantity, and directions for use. In acute-care hospitals, a three-day
cycle is typical.

11 | Ward-stock Within the hospital ward, nurses or other non-pharmacists perform

pharmacy the functions of a) storing drugs in bulk in a common floor stock b)
manually selecting drugs from bulk storage, and c¢) distributing drugs
to patients.

12 | Pharmacy-based IV | All the drugs to be infused in a small volume parenteral (SVP) or a
admixture service | large volume parenteral (LVP) are prepared in a clean area operated

» by the pharmacy department

13 | Satellite pharmacy | A subunit of the hospital pharmacy which is physically separated

from the central pharmacy. It usually serves a specific ward.

14 | Continuous Quality | Personnel time is formally allocated to "system-based quality
Improvement improvement" or "patient safety" activities: either in the form of a) a
Program dedicated position (or positions), or b) dedicated time of personnel

specifically allocated to "quality improvement” or "patient safety"
: activities within their portfolios of responsibility.

15 | Decentralized The pharmacist works on the ward, interacting directly with patients
inpatient clinical and other healthcare professionals to enhance the design,
pharmacists implementation, and monitoring of patients’ therapeutic plans.
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APPENDIX 4a: Cover letter #1 [French]

Madame [ Monsieur __,

L’ Office canadien de coordination de I’évaluation des technologies de la santé
(OCCETS), dans le cadre d’un projet de recherche entrepris en collaboration
avec 'Institute for Safe Medication Practices (ISMP) du Canada, vous enverra

dans quelques jours un télécopie vous demandant de répondre a un bref
questionnaire.

En vertu de ce projet, ’OCCETS examine les technologies et systémes qui
permettent de prévenir les erreurs médicamenteuses en milieu hospitalier.
L’importance de I’étude tient au fait qu’elle permettra de cerner les

- technologies et systémes en usage a cette fin dans les hopitaux canadiens.

Merci beaucoup de votre collaboration.

Veuillez agréer, Madame, Monsieur, I’expression de nos sentiments distingués.

David U, M.Sc. Pharm. Michel Boucher, B.Pharm., M.Sc.
Directeur général, ISMP — Canada  Pharmacien-chercheur, OCCETS

Approbation du Conseil d’éthique en recherches de I’ Hépital d’Ottawa valide jusqu’au 18 février
2004
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APPENDIX 4b: Cover letter & questionnaire [French]

Madame / Monsieur ,

L’ Office canadien de coordination de 1’évaluation des technologies de la santé (OCCETS)
effectue une étude des technologies et systémes qui permettent de prévenir les erreurs
médicamenteuses en milieu hospitalier. Pour les besoins de cette étude, I’OCCETS collabore
.avec 'Institute for Safe Medication Practices (ISMP) du Canada. L’un des volets de cet
important projet de recherche consiste en une enquéte auprés des directeurs de pharmacie
d’hopital pour circonscrire I’usage actuel de ces technologies dans les hopitaux canadiens.
L’enquéte a également pour objectif d’identifier les facteurs déterminants de 1’utilisation de ces
technologies. Les deux organisations espérent que cette information se révélera utile aux
décideurs du réseau de la santé au Canada.

L’enquéte est destinée aux directeurs de pharmacie de centres hospitaliers de soins aigus au
Canada afin de cerner les technologies en usage a leur hopital, connaitre leur opinion quant au
taux d’utilisation de ces technologies, et déterminer leurs perceptions des erreurs
médicamenteuses dans leur hopital. Michael Saginur, étudiant & la maitrise a I’ Université
d’Ottawa, se charge de 1’exécution de I’enquéte dans le cadre de sa thése de maitrise. En raison
du poste que vous occupez, vous €tes 1’un des destinataires de I’enquéte.

Veuillez prendre note que les réponses demeureront strictement confidentielles et que seules des
synthéses de résultats seront diffusées sans qu’aucun répondant ne soit identifi€. Nous vous
prions de nous faire parvenir le questionnaire rempli, a I’exception des questions auxquelles vous
ne désirez pas répondre le cas échéant. S’il vous est impossible de participer a 1’enquéte, nous
vous saurions gré de désigner une personne de votre service qui pourra le faire. Si vous avez des

questions au sujet de I’enquéte, veuillez communiquer avec Michel Boucher par téléphone au
613 226-2553, poste 232.

L’OCCETS est une organisation sans but lucratif financée par les ministéres de la Santé fédéral,
provinciaux et territoriaux (priere de se rendre au site www.ccohta.ca pour obtenir de plus
amples renseignements sur 1’organisation). Le r6le de 1’Office consiste a offrir de I’information
fondée sur des données probantes au sujet des technologies de la santé existantes ou émergentes.
Cette information est destinée principalement aux décideurs et gestionnaires en santé du Canada.

Nous vous remercions de votre collaboration a ce projet de recherche important.

Veuillez agréer, Madame, I’expression de nos sentiments distingués.

David U, M.Sc. Pharm. Michel Boucher, B.Pharm., M.Sc.
Directeur général, ISMP — Canada Pharmacien-chercheur, OCCETS

Notes : a) Si le centre hospitalier comprend plusieurs établissements, veuillez répondre au
questionnaire en tenant compte de tous les établissements.
b) Un glossaire des diverses technologies accompagne le courriel afin d’en faciliter la
compréhension. ' »
Approbation du Conseil d’éthique en recherches de I’Hopitale d’Ortawa valide jusqu’au 18 février 2004
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Q1. Combien de lits compte votre hopital 7

lits

TECHNOLOGIE

7 Q2. Cette

~votre hopital?

technologie est-
elle en usage a

Q3. Dans
I'affirmative,
quelle
proportion
des lits de
I'hopital
couvre
'application
de cette
technologie ?

1. Appareil de distribution automatisée
(p. ex., Pyxis, Baxter ATC 212, Omnicell)

] Non

] Oui ———

v

% des lits
2. Dossier informatisé d’administration des médicaments pour les | [_] Non
soins infirmiers Ooui—*
e % des lits
3. Systéme informatisé de prescription médicale [ Non
[J Oui. g
% des lits
4. Module d’aide a la décision clinique couplé a un systéme [JNon
informatisé de prescription médicale (p.ex., indication de dose [] Oui g
« excessive », vérification des interactions médicamenteuses)
| % des lits
5. Module d’aide a la décision clinique couplé & un syst€éme [INon
informatisé de saisie d’ordonnance a la pharmacie [Joui—*
(p. ex., indication de dose «excessive», vérification des
interactions médicamenteuses) m
6. Systéme de lecture magnétique (code barre) pour la distribution | [ ] Non
des médicaments ] oui ———
% des lits
7. Systéme de lecture magnétique (code barre) pour ] Non
I’ administration des médicaments ] Oui L
% des lits
8. Systéme de conditionnement unitaire des médicaments [] Non
(méme si nombre limité de médicaments au commun) (JOoui—*
_ , % des lits
9. Systéme de distribution par plaquette alvéolaire ] Non
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] Oui '

% des lits

10. Service de distribution traditionnel

| ] Oui '

1 Non

% des lits

11. Médicaments au commun sur les unités de soins

[]'Non

Ooui—

-

% des lits

12. Centrale d’additifs aux solutions IV

FI:]Non

Ooui—

% des lits

13. Pharmacie satellite

(1 Non

[ Ouwi ’

% des lits

Dans l'affirmative, veillez préciser les unités desservies?

Soins intensifs [ ] Bloc opératoire [ ] Service des urgences [[]  Autre []

14. Services pharmaceutiques cliniques (pour patients
hospitalisés)

Dans l'affirmative,

(] Non

] Ouvi——»

% des lits

a) veuillez indiquer les services pharmaceutiques cliniques offerts.

surveillance pharmacocinétique [ ]  participation aux tournées interdisciplinaires []
participation aux tournées médicales [ ]  service de conseils aux patients [ ] autre

b) combien de postes pour pharmacien (équivalents temps plein)

sont dédiés aux services pharmaceutiques cliniques aux patients hospitalisés ?

15. Programme d’amélioration continue de la qualité

(soit, une période consacrée officiellement a des activités
« d’amélioration de la qualité » ou « d’amélioration de la sécurité
du patient »)

1 Non

Ooui—

#de
pharmaciens
ETC

16. Autre technologie

] oui —

% des lits
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Q4. Quelie est votre opinion

concernant le niveau

d’utilisation actuel des
technologies suivantes dans
la prestation des soins aux

patients hospitalisés

de votre

Q5. Vedillez
indiguer si votre
hépital prévoit
accroitre ou réduire
, au cours des deux
prochaines années,

hépital ? l'utilisation des
technologies
mentionnées. (dans
le cas ou aucun
changement n’est
prévu, veuillez ne
rien écrire)
Devrait Devrait
augment | Appro | diminue Rédu
er -prié r Accroitre ire
M O ] 1 Appareil de distribution automatisée ] ]
(p. ex., Pyxis)
O O W 2 Dossier informatisé d’administration des O N
médicaments pour les soins infirmiers
O |:| | 3 Systéme informatisé de prescription O ]
médicale
O O | 4 Module d'aide a la décision clinique N ]
couplé a un systéme informatique de
prescription médicale
O O O 5 Module d’aide  la décision clinique | M
couplé a un systéme informatique de
saisie d'ordonnance a la pharmacie
6 Systéme de lecture magnétique (code O d
barre) pour la distribution des médicaments
7 Systeme de lecture magnétique (code O M|
barre) pour Fadministration des
médicaments
O O O 8 Systéme de conditionnement unitaire des O ]
médicaments
O O N 9 Systéme de distribution par plaquette O [
_ alvéolaire
] Il ] 10 Service de distribution traditionnel O |
] ] | 11 Médicaments au commun sur les ] ]
unités de soins
Il il N 12 Centrale d’additifs aux solutions IV O O
O O O 13 Pharmacie satellite O ]
I ] O 14 Services pharmaceutiques cliniques ] H
(pour patients hospitalisés)

286



H Il ] 15. Programme d’amélioration continue de la ]
qualité

Q6. Parmi les technologies mentionnées ci-dessus (ou d'autres), quelle est la prochaine
technologie que

vous souhaiteriez que votre hépital acquiert?

Q7. Combien de postes pour pharmacien (égquivalents temps complets)
sont dédiés aux soins des patients hospitalisés?

Q8. BEtes-vous le directeur de la pharmacie de 1 hbépital?

[ Oui [JNon (Si ‘Non‘) Quel poste occupez-vous ?
79 :
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Glossaire

Technologie Définition
1 | Appareil de distribution Un appareil de distribution automatisée des médicaments consiste en
automatisée appareil ou un cabinet, contenants des médicaments, et doté d’un
mécanisme de distribution et de controle électronique des médicame
de méme que d’un mécanisme de suivi de 1’ utilisation des médicame.o.
Ce systéme permet au personnel infirmier d’obtenir, au point
d’utilisation, les médicaments destinés aux patients hospitalisés (AHRQ
2001). A titre d’exemples, mentionnons le systéme de distribution
McLaughlin, le syst¢me Baxter ATC-212, et I’appareil Pyxis
Medstation.
2 | Dossier informatisé Une liste, générée par ordinateur, des médicaments prescrits a chacun
d’administration des des patients hospitalisés.
médicaments pour les soins
infirmiers
3 | Systéme informatisé de Le médecin prescrit I’ ordonnance directement dans le systéme
prescription medicale informatique.
4, | Module d’aide 4 1a décision | Une base de données intelligente, qui vérifie automatiquement les
5 | clinique couplé ou a un

systéme informatisé de
prescription medicale, ou &
un systéme informatisé de
saisie d’ordonnance a la
pharmacie

ordonnances pour déceler, entre autres, des combinaisons de
médicaments contre-indiquées, un risque de surdose ou de dose sous-
optimale, des allergies médicamenteuses ou I’éventualité d’effets
indésirables. Le module d’aide a la décision peut également offrir une

source en ligne d’information clinique et des formules pour calculer des
doses.

6 | Systéme de lecture Un code a bartres est attribué a la préparation médicamenteuse pour
magnétique (code barre) vérifier la nature du médicament.
pour la distribution des
médicaments :

7 | Systeme de lecture Le codage du bracelet du patient et de la préparation médicamenteuse
magnétique (code barre) par code a barres permettrait de confirmer qu’il s’agit bien du
pour I’administration des médicament prescrit pour le patient en question.
médicaments
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Technologie

Définition

8 | Systéme de Un systéme de distribution des médicaments en vertu duquel les médicaments s
conditionnement  |distribués en conditionnement de dose unitaire, préts a étre administrés par le p
unitaire des infirmier qui les préléve dans le casier attribué au patient. Le casier du patient .
médicaments ses médicaments conditionnés en dose unique, chaque conditionnement portant

étiquette indiquant le nom et la dose du médicament. Les médicaments sont distribués
par le service de pharmacie en quantité suffisante pour 24 heures en régle générale (dans
les établissements de soins psychiatriques ou de soins de longue durée, la quantité de
médicaments couvre trois jours, voire méme une semaine). Grice a ce systéme, le
personnel infirmier n’a pas a prélever le médicament dans les médicaments gardés au
commun ou dans le contenant du patient (comme c’est le cas pour une ordonnance
individuelle).

9 | Systéme de Le service de pharmacie prépare les médicaments sous carte alvéolée (une carte
distribution par recouverte d’une feuille d’aluminium d’un c6té et comportant une alvéole en matiére
plaquette alvéolaire |plastique de 1’autre, enfermant les comprimés ou les capsules; les comprimés ou capsule:

sont extraits en percant la feuille d’aluminium par la compression de I’ alvéole). Une
étiquette indiquant le nom du patient est apposée sur la carte. Le systéme est d’usage plu
courant dans les établissements ou unités de soins de longue durée.

1 | Service de Le service de pharmacie prépare les médicaments prescrits au patient dans des

0 | distribution contenants, comme des flacons ou des bouteilles. Les contenants portent une étiquette
traditionnel indiquant le nom du patient, le nom du médicament, la quantité¢ de médicament et la

posologie. Dans un hopital de soins aigus, la quantité distribuée couvre en général trois
jours. ,

1 | Médicaments au A I'unité de soins, un membre du personnel infirmier ou une personne autre qu’un

1 | commun sur les pharmacien exécute les tiches suivantes : a) le stockage de médicaments en vrac, b) la
unités de soins préparation manuelle des médicaments en les prélevant dans les contenants et c¢) la

distribution des médicaments aux patients.

1 | Centrale d’additifs |Tous les médicaments destinés a une administration parentérale, de petit volume ou de

2 | aux solutions IV grand volume, sont préparés dans un local congu a cet effet sous la direction du service

de pharmacie.

1 | Pharmacie satellite |Une sous-unité du service de pharmacie de I’hopital est localisée & un endroit distinct de

3 la pharmacie centrale. Habituellement, elle dessert une unité de soins particulicre.

1 | Services Le pharmacien ceuvre a I’unité de soins et interagit directement avec les patients et les

4 | pharmaceutiques |autres professionnels de la santé pour améliorer la conception, la mise en application et I:
cliniques pour surveillance des plans de traitement.
patients
hospitalisés

1 | Programme Programme consacré officiellement a des activités « d’amélioration de la qualité » ou

5 | d’amélioration

continue de la
qualité

« d’amélioration de la sécurité du patient », soit sous la forme de postes désignés comme
tels ou de périodes attribuées précisément a « 1’amélioration de la qualité » ou a la
« sécurité du patient » dans la description des tiches.
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APPENDIX 5: Determination of the prevalence of technology use

To determine the prevalence of techﬁology use, the values of technology intensity
among non-reporting technology users were imputed using the means of reporting
technology users.

In the determination of the intensity of use of unit-dose, controlled/carded, and
~ traditional systems, I assumed that ward-stock always co-exists as a secondary distribution
system to meet specific ward needs: that the proportion of beds serviced by total ward-stock
is the proportion not serviced by unit-dose, controlled/carded, and traditional systems.
When the total reported percentage of beds serviced by unit-dose, controlled/carded, and
traditional exceeded 100%, the total was proportionately standardized to 100%. Thus, in
most cases,

total ward-stock = 100- (unit-dose +, controlled/carded + traditional )

and if reporting proportion of beds serviced by unit-dose, controlled/carded, and traditional
systems exceeded 100%, then

unit-dose = (unit-dose) / (unit-dose + controlled/carded + traditional) * 100%

+ controlled/carded=(controlled/carded)/ (unit-dose+controlled/carded+trad.)"j100%

traditional = (traditional) / (unit-dose + controlled/carded + traditional) * 100%
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APPENDIX 6: Predictors of Technology Use: Satellite Pharmacy

Hospitals’ number of acute-care beds was forced into a model of predictors of satellite pharmacy use
(yes or no). On its own, a hospital’s number of acute-care beds was quite a significant predictor of satellite
pharmacy use:

OR(per 100 acute bed increase)= 1.81; 95% CI=(1.2-2.7); n=70.

Budget per bed was borderline significant as a single predictor of satellite pharmacy use:

OR (per $50,000 increase per bed) = 1.33; 95% CI=(1.02-1.73); n=53.

In a model that used the two putatively significant predictors of satellite pharmacy use, estimated odds
ratios for the two potential predictors decreased, and lost their statistical significance:

OR(per 100 acute bed increase)= 1.50; 95% CI=(.976-2.3)

OR(per $50,000 increase per bed)= 1.15; 95% CI=(.90-1.47), n=47.

Thus, an automated stepwise model with a 5% cut-off for significance would not include either
potential predictor. However, in a logistic model of satellite pharmacy use based on a hospital’s acute-care bed
number and restricted to responders whose number of acute-care beds and budget per bed was known, the
magnitude and significance of increased numbers of acute bed decreased:

OR(per 100 acute bed increase)esuiciea = 1.63; 95% CI=(1.066-2.5), n=47.

The estimated association between the number of hospital acute-care beds and the use of
satellite pharmacy was more similar in the two restricted models (n=47), than to the estimated
association in the more inclusive model (n=70): both in terms of the point estimates and their
confidence intervals. Also, given the negligible estimated effect of budget per bed in the model with
the predictors acute beds and budget per bed, the budget per bed was not expected to exert much
impact on the estimated association between acute beds and satellite pharmacy use. It appears likely
that restricting the éample to those hospitals with a known budget per bed drove the loss of statistical
significance of the association between the number of acute beds and satellite pharmacy use. Thus,

the number of acute-care beds was forced into a model of satellite pharmacy use.
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