
Effective interventions and implementation strategies
to reduce adverse drug events in the Veterans Affairs
(VA) system

P D Mills,1 J Neily,1 L M Kinney,1 J Bagian,2 W B Weeks3

1 Field Office, VA National Center
for Patient Safety, White River
Junction, Vermont, USA; 2 VA
National Center for Patient
Safety, Ann Arbor, Michigan,
USA; 3 Field Office, VA National
Center for Patient Safety, Hub
Site Senior Scholar, VA National
Quality Scholars Fellowship
Program, Veterans Health
Administration; White River
Junction, Vermont, USA

Correspondence to:
Dr P Mills, 11Q, 215 North Main
Street, White River Junction,
Vermont 05009, USA; Peter.
Mills@va.gov

The Institutional Review Board
(IRB), Dartmouth College,
approved this project (CPHS #
17303).

The views expressed in this
article do not necessarily repre-
sent the views of the
Department of Veterans Affairs
or of the US Government

Accepted 13 June 2007

ABSTRACT
Background: Adverse drug events (ADEs) account for
considerable patient morbidity and mortality as well as
legal, operational and patient care costs. In Veterans
Affairs (VA) hospitals in the USA, all serious adverse
events and ‘‘potential’’ adverse events are reviewed using
root cause analysis (RCA). This study characterised RCA
reports associated with ADEs to determine what actions
VA RCA teams took to reduce the number or severity of
ADEs, and to evaluate which actions were effective in
doing so.
Methods: Every medication-related RCA submitted to the
VA National Center for Patient Safety in the fiscal year
2004 (143 reports), and one medication-related aggre-
gated RCA from each facility (111 reports covering 4834
ADEs) were reviewed and coded. Facilities were
interviewed about specifics of their reports and the results
of their interventions.
Results: The commonest classes of medication for which
ADEs were reported were narcotics, chemotherapy, and
diabetic and cardiovascular medications. The most
common types of ADE were ‘‘wrong dose’’, ‘‘wrong
medication’’, ‘‘failed to give medication’’, and ‘‘wrong
patient’’. 993 actions were taken to address these ADEs,
the majority (75.7%) of which were reported to be fully
implemented. Improvements in equipment and improving
clinical care at the bedside were associated with reports
of improved outcomes (p = 0.018, and p = 0.017
respectively), and training and education were negatively
correlated with reports of improved outcome (p = 0.005).
Improving the process of medication order entry through
the use of alerts or forcing functions was positively
correlated with reports of improved outcomes
(p = 0.022). Leadership support and involving staff were
associated with higher implementation rates (p = 0.001
and p = 0.010, respectively).
Conclusions: Changes at the bedside and improvement
in equipment and computers are effective at reducing
ADEs. Well-organised tracking and support from leader-
ship and staff were characteristics of facilities successful
at improving outcomes. Training without action was
associated with worse outcomes.

Adverse drug events account for considerable
patient morbidity and mortality1–3 as well as legal,
operational and patient care costs.4 5 Common
causes of adverse drug events have been described
in the literature, such as lack of knowledge of the
medication, lack of information about the patient,
rule violations and transcription errors.6 7 The
systems failures that frequently lead to these
events can be potentially prevented both at the

level of the event, where workplace design issues
predominate8 and at the organisational level, where
policies that inadvertently promote the risk for
failure are primary.9 The tightly coupled (inter-
dependent) processes in medication use systems
typify the situation where the risk of failure is
increased with the complexity.10

Adverse drug events can be detected in a variety
of ways, including voluntary reporting,11–13

prompted reporting,13–15 patient interviews,13 16–18

chart review11–13 19–21 and computerised monitoring
using trigger systems.11–13 22–35 However, these
methods do little to indicate the reasons why the
adverse drug event occurred—which is the critical
piece of information needed to formulate and
implement systems-based actions with the best
probability of success and sustainability. A power-
ful method of determining the underlying causes of
an adverse drug event is to conduct a root cause
analysis (RCA).36 Originally developed in high-
hazard industries, in 1997, RCA was mandated for
investigation of all sentinel events in US hospitals
accredited by the Joint Commission on
Accreditation of Healthcare Organizations.37 In
Veterans Affairs (VA) hospitals in the USA, serious
adverse events and ‘‘potential’’ adverse events are
reviewed using RCA.38

For some adverse events—such as adverse drug
events and falls—in which many ‘‘potential’’ and less
serious adverse events occur, VA facilities combine
data from all events that occurred over a 3–6 month
period to produce an ‘‘aggregate review’’ of the data
in the category. These aggregate RCA reviews
constitute an 11-step process39 in which critical
factors of each adverse event (eg, time, location, type
of medications, environmental conditions) are ana-
lysed together. On the basis of this analysis, common
root causes are determined and actions are developed
to ameliorate them. The advantage of the aggregate
review is that the actions taken to improve care are
based on data from multiple events and so are more
likely to address problems common to many events.

We wanted to review a representative sample of
RCA reports that came into the VA National
Center for Patient Safety (NCPS) to understand
the rates and frequencies of reported adverse drug
events, the underlying root causes of these adverse
events and the actions that RCA teams developed
to deal with the causes. In addition, we were
interested in the success factors and barriers to
implementing the actions. This report represents
the first descriptive study of RCA reports addres-
sing adverse drug events in a national healthcare
system.
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METHODS

The VA NCPS root cause analysis programme
To encourage the development of a culture of safety within the
VA healthcare system, a system that provides comprehensive
healthcare services to over 6 million veterans across the USA
through 154 VA medical centres nested within 21 geographi-
cally defined integrated service networks, the VA established
the National Center for Patient Safety. To collectively learn
about adverse events, the NCPS instituted an RCA programme
to analyse adverse events.40 Each VA facility supports a full-time
patient safety manager responsible for investigating all adverse
events at the local level.

The NCPS defines adverse events as41:

‘‘untoward incidents, therapeutic misadventures, iatrogenic
injuries or other adverse occurrences directly associated with
care or services provided within the jurisdiction of a medical
centre, outpatient clinic or other facility. Adverse events may
result from acts of commission or omission (e.g., adminis-
tration of the wrong medication, failure to make a timely
diagnosis or institute the appropriate therapeutic interven-
tion, adverse reactions or negative outcomes of treatment,
etc.) .... ADEs are those specifically associated with medica-
tion or therapeutic agents.’’

All adverse events that are reported within the VA are rated by
the patient safety manager against two criteria: harm (from
catastrophic to minor) and probability (from frequent to
remote). Harm is rated on a four-level scale:

c Catastrophic (death or permanent loss of function not
related to the natural course of the patient’s illness or
underlying condition)

c Major (permanent lessening of bodily functioning not
related to the natural course of the patient’s illness or
underlying condition)

c Moderate (increased length of stay or increased level of care
for one or two patients)

c Minor (minor injures that do not extend hospital stay except
for observation or to obtain laboratory or x ray results)

The probability of the event occurring again is also rated on a
four-level scale:

c Frequent (the event is likely to occur immediately or within
a short period of time)

c Occasional (may happen several times in 1–2 years)

c Uncommon (may happen sometime in 2–5 years)

c Remote (may happen sometime in 5–30 years)

Each event is coded both for the actual harm and the potential
harm that could have occurred. If an event could have resulted in
an adverse event but did not—either by chance or through a
timely intervention—the potential harm is coded based on the
worst case scenario.

Harm and probability are combined to get a score from 1 to 3
called the Safety Assessment Code (SAC)38: a rating of 1
represents the lowest level of priority whereas 3 represents the
highest level of priority for undergoing an RCA. All events
coded as causing catastrophic harm regardless of the probability
of the event happening again, and all events coded as causing
major harm and as frequent events are coded as a SAC 3. These
are analysed using the RCA process. All ‘‘potential SAC 3’’
events are included in the quarterly aggregated review of adverse

medication events or the patient safety manager has the option
of conducting a full RCA. It is interesting that 88% of the single
case RCA reports on adverse drug events were potential rather
than actual SAC 3 events. All RCA reports come into the VA
NCPS via a secure computerised report system. Single case RCA
reports are submitted to the NCPS throughout the year and
aggregated reviews of medication-related events are submitted
each quarter.

The RCA reports are mostly narrative descriptions of the
event, including all contributing factors, a final understanding
of the event, and a specific action plan for addressing the causes.
Each action plan is specified, with a timeline for implementa-
tion and a description of how, when and by what parties the
accomplishment of the corrective actions will be evaluated. All
RCAs are co-signed by the director of the facility from which
the analysis was submitted.

Analysis of RCA reports
We reviewed all aggregate RCAs of adverse drug events for the
third quarter of the fiscal year 2004 in which an aggregate report
was submitted for every VA facility. To identify single case
RCA reports on adverse drug events, we conducted a keyword
search of all RCA reports received in the fiscal year 2004 to
identify any events in which medications were a major
contributing factor. The keywords were used by the authors
to find any RCA reports associated with medications or
medication errors. For example, an RCA report may have been
identified as having to do with a patient fall, but the fall may
have been caused by medications that led to increased dizziness.
If medications were a major contributing factor, the report was
included in our review. Of the 1083 single case RCA reports
submitted in fiscal year 2004 we found 143 reports concerning
adverse drug events (13.2%).

We developed two code books (available on request) to
quantify the aggregate and single case reports. For each adverse
drug event, the class of medication and location (inpatient or
outpatient) was coded, as well as the type of adverse event. In
addition, each root cause was coded into a general category
(policies and procedures, communication, equipment, medica-
tion dispensing, training, staffing outpatient medication issues
or other) and then into a more specific category nested within
the larger category. The action plans were also coded into
superordinate and specific categories.

Two coders independently coded 25 aggregate reviews and
after review and revisions to the codebook, reached 93%
agreement (k= 0.92). These two coders also independently
coded 10 single case RCAs and after review and revisions to the
codebook, reached 91% agreement (k= 0.90). After this level of
agreement was reached, the coders independently coded the
remaining RCAs, and further coding questions outside of the
operational definitions were discussed with at least one research
team member and coded by consensus. The single case RCA
reports have a greater level of detail than the aggregated RCA
reports, because the single care reports describe one adverse
event whereas the aggregated reports describe the factors common
to many adverse drug events. Consequently, the two sets of
reports were coded and analysed separately. After the initial
analysis the actions for single case and aggregated RCA reports
were combined for the secondary analysis described below.

Interview
To determine the types of action taken to deal with the adverse
drug events, the rate of implementation of actions and the
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effectiveness of those interactions, we interviewed 119 of 120
patient safety managers or their designees using a structured
interview. The interviews were conducted between February
and June 2005. The instrument included questions about each
action developed that was extracted from the RCA report
(whether the action was implemented, was effectiveness
measured and, if so, how effective was the action) and included
a query that documented the interviewee’s opinion about
success factors or obstacles to implementation. Success of an
action was captured by asking: As of today, how effective was
this action and why:

c Much worse than before?

c Worse than before?

c Same as before?

c Better than before?

c Much better than before?

c Outcome measurement not due yet

c Can’t tell.

In addition, the patient safety manager was asked about ‘‘success
factors’’ and ‘‘obstacles’’ to implementing their action plans, and
about the professions represented on the team that conducted
their RCAs. Responses to the structured interview were coded.

Analysis
Summary statistics were calculated for the root causes and
actions generated for both aggregated and single case RCA
reports. For the single case reports, summary statistics were also
calculated for the location, class of medication and type of
adverse event. Correlational analysis was conducted to deter-
mine the relationship between the type of event and the
outcome. The actions produced in the aggregated and single
case reports were combined for correlational analysis to
determine the relationships between the type of action and
reports of implementation as well as improved outcomes
(Spearman r was used for correlational analysis between
dichotomous and ordinal data). To track overall performance
at the facility level, two variables were generated: the rate of
implementation and the rate of improvement. The rate of
implementation is the total number of actions fully implemen-
ted over the total number of actions generated. The rate of
improvement is the total number of actions in which outcome
was rated as ‘‘better’’ or ‘‘much better’’ over the total number of
actions generated. Correlational analysis was used to determine
the relationships between these rates and reports of success
factors and barriers to change.

RESULTS
Of the 154 facilities in the Veterans Health Administration, 120
submitted at least one RCA report or an aggregated RCA report
about adverse drug events during the fiscal year 2004. An
aggregated review was submitted by 111 facilities and at least
one single case RCA report was submitted by 76 facilities (37
facilities submitted one report, 23 submitted two reports, 8
submitted three reports, 5 submitted four reports, 1 submitted
five reports and 2 submitted six reports). Of the 21 geographical
regions within VA, the range of RCA reports submitted was 0–
18 (mean (SD) 6.71 (4.51) reports).

Aggregated RCAs
Within the VA, in the third quarter (or next most recent
quarter) of the fiscal year 2004, 111 aggregated RCAs analysed a

total of 4834 adverse drug events and produced 227 root causes
and 336 actions. Approximately 22.9% (n = 52) of the root
causes were attributed to problems with policies or procedures,
16.7% (n = 38) were problems with training or education, 13.2%
(n = 30) were problems with equipment, 11.9% (n = 27) were
bar-coding or medication dispensing issues, and 11.0% (n = 25)
were communication issues. For the aggregated reviews 26.5%
(n = 89) of the actions focus on changing policies or procedures,
25.9% (n = 87) on training or education, 14.6% (n = 49) on
making clinical changes at the bedside, 11.0% (n = 37) on
improving equipment or computers, 10.4% (n = 35) on improv-
ing data collection, and 5.6% (n = 19) on communication.

Single case RCAs
Within the VA, in the fiscal year 2004, 143 single case RCAs on
adverse drug events were submitted to the NCPS. These RCAs
identified a total of 397 root cause/contributing factors (mean
(SD) 2.80 (1.60) root causes per RCA), and produced 657 actions
(mean 4.59 (2.98) actions per RCA). The median number of
person hours to complete each RCA was 35 h (range 6–1590 h).
Although these cases were received in the fiscal year 2004 (1
October 2003 to 31 September 2004), the reported date of the
events ranged from November 2001 to September 2004. The
actual SAC score was 3 in 22.4% (n = 32) of the cases, 2 in
38.5% (n = 55) of cases and 1 in 39.1% (n = 56) of cases. The
patient’s age was not reported in 65% (n = 93) of the RCAs, and
the gender was not reported in almost 40% (n = 57) of the cases.
For those that reported, the ages ranged from 47 to 89 years
(mean 67.5 (12.1) years). Almost all patients involved in adverse
drug events were men (98%, n = 84).

Figure 1 displays the distribution of adverse drug events by
medication class and whether the adverse event occurred in an
inpatient or outpatient setting. Overall, nearly 38% (n = 54) of
the adverse drug events occurred in the outpatient setting; the
most common inpatient location was the intensive care unit
(10.8%, n = 15). The most common class of medication for
which adverse events were reported was narcotics (21%,
n = 30), followed by anticoagulants (heparin, warfarin and
antiplatelet drugs combined; 14.7%, n = 21), chemotherapy

Figure 1 Distribution of the 143 adverse drug events (ADEs) that
occurred in the fiscal year 2004 by medication class and location of the
event. med, medication(s).
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(11.2%, n = 16), diabetes medications (9.1%, n = 13), and
cardiovascular medications (7.7%, n = 11). The most common
type of adverse events were: wrong dose of correct medication
given (31.5%, n = 45), followed by wrong medication given
(13.3%, n = 19), failed to give medication to patient (11.9%,
n = 17), and medication given to the wrong patient (10.5%,
n = 15) (fig 2).

The adverse event caused no harm to the patient in 25.2%
(n = 36) of cases, minor injury in 15.4% (n = 22), major injury in
30.8% (n = 44) and death of the patient in 8.4% (n = 12) of
cases. The amount of harm to the patient was not reported in
20.3% (n = 29) of the 143 cases. We analysed the relationship
between the outcome of the event (on an ordinal scale, where
0 = no harm, 1 = minor injury, 2 = major injury, and 3 = death)
and the type of event. Event types related to worse outcomes
included: insufficient monitoring of the patient (Spearman r

0.262, p,0.001), inpatient taking medications from home
(Spearman r 0.130, p = 0.003) and adverse drug reactions or
allergies (Spearman r 0.102, p = 0.021). Event types related to
less harm included: medication given to wrong patient
(Spearman r 20.117, p = 0.008) and failed to give medication
(Spearman r 20.139, p = 0.002).

Figure 3 displays the superordinate root cause categories
broken down into more specific subcategories: 18.2% (n = 72) of
the root cause were problems with policies and procedures,
19.7% (n = 78) were problems with communication, 12.9%
(n = 51) were problems with equipment, 12.1% (n = 48) were
problems with medication dispensing, 9.1% (n = 36) were
problems with training, 6.5% (n = 43) were problems with
staffing, 6.3% (n = 25) were problems with human factors, 5.8%
(n = 23) were problems with outpatient medication and 6.4%
(n = 25) were problems with other. Appendix A displays the
breakdown of action categories into specific action types: 26%
of the actions were clinical changes at the bedside, 25% were

changes in policy or procedures, 22% were actions involving
training for staff, 11% involved adding equipment or software,
6% involved improving communication and 7% of the actions
involved collecting data or obtaining more information. Three-
quarters (74.9%, n = 492) of these actions were fully imple-
mented and 12.8% (n = 84) were partially implemented.

Specific actions
To analyse the actions, we combined the actions from the
aggregated reviews and single case RCAs (N = 993). Actions
involving installing or updating new equipment or computers
were the most difficult to implement (Spearman r 20.071,
p = 0.028), and actions improving drug storage were the least
difficult to implement (Spearman r 0.077, p = 0.016). Not
surprisingly, implementation of actions was highly correlated
with reports of improved outcomes (Spearman r 0.464,
p,0.001). Looking at those actions that were fully implemen-
ted, addressed the root cause, and were measured for effective-
ness (n = 560), we found that all actions involving training and
education (n = 133) were negatively correlated with reports that
outcome was ‘‘much better’’ (Spearman r 20.117, p = 0.005). In
addition, we found that all actions involving improvements in
equipment or computers (n = 46) and all actions involving
improving clinical care at the bedside (n = 127) were associated
with reports of improved outcomes (Spearman r 0.100,
p = 0.018, and Spearman r 0.101, p = 0.017, respectively).
More specifically, we found that changing the process of
medication order entry through the use of alerts or forcing
functions was positively correlated with reports of improved
outcomes (Spearman r 0.097, p = 0.022). Since one of the goals
of this project was to share ideas about what patient safety staff
in the field reported works to reduce adverse drug events, we
developed a list of actions that came directly from the RCAs and
were reported to be effective (appendix B). A complete menu of
actions that patient safety managers found to be effective for
specific types of adverse drug events is available on request.

Measuring effectiveness of actions
Figure 4 displays further information regarding the actions and
their outcome measures broken down by type of RCA: 75.7% of
all the actions (N = 993) were reported to be fully implemented,
59.7% of the outcome measures were measures of implementa-
tion (‘‘was the action implemented or not’’), 23.4% measured
the action’s effect on patient outcomes and 12.4% focused on
changes in staff behaviours. More actions from aggregated
reviews used clinical outcome measures than actions from single
case RCAs (x2 53.53, p,0.001), and more actions from single
case reviews used process measures (x2 11.1, p = 0.001).

Success factors and obstacles to implementation
Figure 5 displays the success factors and obstacles to imple-
mentation reported by the patient safety managers or designees.
Having help from pharmacy was the top success factor,
followed by ‘‘persistent follow up’’, obtaining feedback from
the frontline staff before implementation of the new action and
a well-organised tracking system. The leading reported obstacle
to implementing the action plans was lack of staffing, followed
by lack of middle management support and not enough money
to purchase software or hardware upgrades.

Characteristics of high performers
Higher rates of improvement (this variable is described in the
analysis section above) were correlated with: reports that they

Figure 2 Type of adverse event for all (inpatient and outpatient
combined) 143 adverse drug events (ADEs) root cause analyses in the
fiscal year 2004. med, medication(s).

Error management

40 Qual Saf Health Care 2008;17:37–46. doi:10.1136/qshc.2006.021816

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

Q
ual S

af H
ealth C

are: first published as 10.1136/qshc.2006.021816 on 1 F
ebruary 2008. D

ow
nloaded from

 

http://qualitysafety.bmj.com/


had a well-organised tracking system (Spearman r 0.229,
p = 0.013), strong senior leadership support (Spearman r 0.250,
p = 0.006), strong front-line staff support (Spearman r 0.206,
p = 0.027) and reports that they asked staff for feedback before
implementing the action (Spearman r 0.198, p = 0.033). Higher
implementation rates (described above) were correlated with:
reports of strong senior leadership support (Spearman r 0.310,
p = 0.001), strong middle management support (Spearman r

0.236, p = 0.011) and reports that they asked staff for feedback
before implementing the action (Spearman r 0.239, p = 0.010).

DISCUSSION
We examined 254 aggregate and single case RCA reports from
120 VA facilities, and interviewed patient safety managers or
their designees about these reports to determine the degree to
which actions were implemented, the improvements realised,
and the success factors and obstacles to implementation.
Among the single case RCA reports only 22% (n = 31) of the
single case RCA reports had an actual SAC score of 3, while
39.1% (n = 56) had an actual SAC of 1. The SAC 1 cases caused

Figure 3 Specific root causes for the
143 adverse drug events root cause
analyses in the fiscal year 2004.

Figure 4 Characteristics of actions and outcome measures.
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little or no harm indicating that there were more investigations
of ‘‘close calls’’ or ‘‘near-misses’’ than actual adverse events.

Among aggregate RCA reports, which reviewed 4834 adverse
drug events, we found that problems with policy (specifically,
‘‘not following policies’’), training and equipment (especially
software) were the primary factors contributing to adverse drug
events. In contrast, among single case RCA reports, we found
that lack of policy, rather than not following existing policy,
was the most common root cause of adverse drug events. This
focus on policy reflects a general tendency that we have seen in
other studies42 43 for healthcare administration to rely too
heavily on policy and education to solve problems. When a
factor that contributes to an adverse event is not specifically
dealt with by a policy, there is a strong tendency to create a new
policy to address or prohibit the contributing factor. When this
is done, it is important to ensure staff are aware of and
following the policy, and that changes in staff behaviour are
leading to clinical improvements. Other common contributing
factors for both aggregated and single case adverse drug events
were problems with dispensing and communication.

Pooling the actions from the aggregated and single case
reviews allowed us to examine relationship between actions and
reports of improved outcomes. Similar to findings from our
analysis of RCA reports of patient falls in the VA,42 we found
that actions involving improvements in equipment or compu-
ters and improving clinical care at the bedside were associated
with reports of improvement. These findings reinforce the idea
that although it is common to rely on policy changes and staff
education to address adverse events, focusing interventions on
patient care and improving the tools that clinicians routinely
use is associated with improved outcomes. Conversely, as found
in a previous study,42 actions that focused on training and

education were negatively correlated with reports of improved
outcomes. These findings are consistent with the principles of
problem solving that are based on human factors engineering
approaches that show forcing functions and lock-in/lock-out
type solutions are much more likely to be successful than
interventions that rely solely on training, policy and procedures.

Our finding that narcotics, chemotherapy drugs, diabetic
medications, cardiovascular medications and anticoagulants
(including antiplatelets) accounted for over 63% (n = 91) of
adverse drug events is intuitive: these medications are also listed
as ‘‘high alert’’ medications by the Institute for Safe Medication
Practices44 because of the risk for adverse events. The most
common adverse event types were: wrong dose of correct
medication given, wrong medication given, failed to give medica-
tion, and medication given to wrong patient. The most harmful
types of adverse event were: insufficient monitoring of the patient,
inpatient taking medications from home and adverse drug reaction
or allergies. Accordingly, these medications and event-types should
be prioritised as areas of focus for systemic improvements of the
medication administration system.

Comparing outcome measures for aggregated and single case
RCAs, we found that single cases rarely use clinical outcome
measures and much more frequently use measures of staff
behavioural changes. This may be because aggregated reviews
attempt to identify and change trends of adverse events so the
actions may be more likely to result in clinical changes, whereas
the single case RCAs are more likely to implement protocol/
staff changes as a first step toward clinical changes.

Our research revealed that facilities that reported improved
outcomes had a well-organised system to track the process
of change, strong support from senior leadership and front-
line staff, and incorporated frontline staff feedback before

Figure 5 Percentage of patient safety
managers reporting success factors/
obstacles in implementing actions.
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implementing new changes. Facilities that reported higher
implementation rates also reported strong support from upper
and middle management and that they asked staff for feedback
before implementing actions. These findings are similar to those
in our study of RCA reports on parasuicidal behaviours in the
VA44; in aggregate, these findings provide more evidence of the
relationship between perceived management support and
improved clinical outcomes.

There are several limitations to this study. First, RCAs, while
following a standardised protocol, have not been subjected to
reliability analysis across facilities. It is possible that for the
same adverse drug event, different patient safety managers
would find different root causes and generate different actions
and measurements. Second, we relied on self-reports for
measures of implementation and effectiveness of the actions,
so these results could be influenced by self-report bias. Third,
the RCA reports only reflect those adverse drug events that
were reported. Additional adverse drug events that were not
subjected to the RCA process were likely to have occurred
during the time period examined. Fourth, our findings are
associative, not causative. Additional study is required to
determine, for instance, whether improvement of leadership
support would be associated with improved patient outcomes
after actions are implemented to address an adverse drug event.
Finally, some facilities and geographical regions submitted more
RCA reports than others, but we were not able to control for
this potential clustering effect due to the relatively small
number of reports.

Despite these limitations, our study demonstrated that VA
facilities actively use both adverse events and close calls to learn
about and make changes in patient safety. Also, the VA RCA
system effectively captures information from many adverse drug
events nationally (nearly 5000 in this analysis), and the system
encourages leaders to take actions designed to deal with system
vulnerabilities uncovered in the RCA. Although many sites are
using creative approaches to measure the effectiveness of these
actions to determine if patients are safer when receiving
medications, additional effort to standardise such measurement
is warranted. As part of a comprehensive programme to achieve
understanding of system vulnerabilities while addressing adverse
drug events, healthcare systems should consider implementing an
RCA system that is designed to collect information on adverse
drug events, encourage actions based on strong human factors
engineering systems that concentrate on interventions that go
beyond the traditional training, policy and procedure approach to
prevent future recurrence, and monitor measurable progress
toward eliminating adverse drug events.
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Appendix A
See table A1.

Appendix B

Menu of actions for preventing adverse medication related
events
This ‘‘menu of actions’’ represents actions that patient safety managers in the VA
system have found useful. We are not endorsing these particular actions; rather we
are seeking to share actions that patient safety staff in the VA reported to be effective.

A much more detailed ‘‘menu of actions’’ including lessons learned is available on
request.

Wrong medication given
General change ideas and specific examples
(1) Separate look-alike medications
(a) Separate lidocaine and dopamine intravenous fluid bags.
(2) Make sure all medications are scannable and easy to identify
(a) All intravenous medications will have scannable barcode labels affixed to the

bag.
(3) Double check ‘‘high risk’’ medications
(a) Two pharmacists will compare the original doctor’s order against the label on

high-risk intravenous medications for accuracy before dispensing the drug.
Practice will be reflected to changes in the centre’s policy.

(4) Make sure that orders are very clear
(a) Eliminate the practice of ordering intravenous chemotherapy medications as

narrative text orders.
(5) Remove discontinued medications from patient areas
(a) Nursing service will revise their medication policies to include the removal of

discontinued intravenous bags and tubing from the patient’s bedside.
(6) Education
(a) Pharmacy service needs to develop a chemo policy which clarifies training,

competency, validation of orders, verification of final product, documentation
and delivery of product with confirmation.

Table A1 All actions generated (n = 657) for single case adverse drug event root cause analyses

Action Number
Per cent of
total

Per cent of
category Action Number

Per cent
of total

Per cent of
category

Clinical changes at the bedside 172 26.18 100 Equipment/computer-related actions 73 11.11 100

Unspecified clinical changes 60 9.13 34.8 Electronic template or tool 24 3.65 32.9

Drug storage 25 3.81 14.5 Unspecified equipment related actions 18 2.74 24.7

Drug dispensing 24 3.65 14.0 Explore improving/obtaining software/ 12 1.83 16.4

Explore possibility of changes to the 22 3.35 12.8 hardware

clinical process Install/improve software alerts 7 1.07 9.6

Changing order entry through alerts, 12 1.83 7.0 Hardware acquisition 4 0.61 5.5

forcing functions Plan to improve/obtain new software/ 4 0.61 5.5

Encouraging people to use existing 10 1.52 5.8 hardware

computer capacity Update software 3 0.46 4.1

Inpatient pharmacy medication verification 7 1.07 4.1 Improve software interface 1 0.15 1.4

Action related to outpatient 4 0.61 2.3

medication delivery Communication actions 38 5.78 100

Action related to medication scans 4 0.61 2.3 Unspecified communication actions 25 3.81 65.8

Outpatient verification of medication 3 0.46 1.7 Improve communication with pharmacy 7 1.07 18.4

Action related to wristband scans 1 0.15 0.6 Improve reporting of equipment/ 3 0.46 7.9

software failures

Policies and procedures 163 24.81 100 Standardise terminology 2 0.30 5.3

Unspecified changes in policy or procedure 58 8.83 35.6 Improve reporting of events/close calls 1 0.15 2.6

Medication administration 35 5.33 21.5

Medication dispensing 23 3.50 14.1 Data collection/use 22 3.35 100

Adherence to medication administration 20 3.04 12.3 Assess/analyse data for process for 11 1.67 50.1

policy improvement

Adherence to medication dispensing policy 11 1.67 6.8 Unspecified data collection/use 6 0.91 27.3

Doctor prescribing/ordering 9 1.37 5.5 Improve data collection process 5 0.76 22.8

Adherence to doctor prescribing/ordering 5 0.76 3.1

policy Obtain more information/explore options 21 3.20 100

Improve medication finishing 2 0.30 1.2

Actions not otherwise specified 25 3.81 100

Training and education actions 143 21.77 100

Development/implementation of a cognitive 34 5.18 23.8

aid/reminder

Unspecified training or education 32 4.87 22.4

Medication administration 24 3.65 16.8

New policy or procedure 23 3.50 16.1

Order finishing and dispensing procedure 13 1.98 9.1

Use of equipment 8 1.22 5.6

Order entry 5 0.76 3.5

Use of alerts 2 0.30 1.4

Supervisor training 2 0.30 1.4
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(7) Review staffing levels
(a) Review staffing levels and workload and compare to community standards. If

necessary, reconfigure coverage system, including bringing coverage from
hospital when required.

Wrong dose of correct medication given
General change ideas and specific examples
(1) Eliminate chances to scan outer containers rather than the medication itself
(a) At the time that narcotics are verified on the ward, the medication will be

placed in the medication dispensing cabinet without the Ziploc bag. The Ziploc
bag will be returned to the pharmacy where it will be destroyed.

(2) Remove large-dose vials of medications from patient areas
(a) Pharmacy will remove all 10 mg/ml hydromorphone from automated mediation

management systems and locked narcotic boxes.
(3) Develop specific protocols to ensure correct dosing of anticoagulants
(4) Double check ‘‘high risk’’ medications
(a) Develop a systematic process for performing a double check of chemotherapy

preparations by a second pharmacist.
(5) Collaborate
(a) Medical service, in collaboration with nursing service, will develop a protocol

for safe and effective infusion of intravenous iron dextran.
(6) Improve or develop safe protocols
(a) Guidelines/practice development/revision to require:

– an anticoagulation clinic consultation for all patients being discharged on
anticoagulation therapy if the patient chooses treatment here;

– limit discharge medication to a 30-day supply.
(7) Review staffing levels
(a) Analyse current staffing allocations in pharmacy and explore staffing

alternatives/additions to relieve the solo intravenous pharmacist of numerous
distractions, interruptions and vulnerabilities.

Medication given to wrong patient
General change ideas and specific examples
(1) Make patient identification easier
(a) Addition of blank spacer label between patient labels.
(2) Establish clear protocols for x ray procedures using contrasts or markers
(a) Treat oral and intravenous contrast as medication. Oral contrast will be ordered

by doctor, dispensed by pharmacy, and administered by a registered nurse or a
licensed practical nurse. Consider using automated medication management
systems.

(3) Double check ‘‘high risk’’ medications
(a) Implement addendum to current requirement that two nurses who perform

double check initial high risk intravenous/epidural bag.
(4) Use ‘‘read-back’’ to help identify patients and medications
(a) Educate 100% of nursing staff on read back policy.

Medication given at the wrong time
General change ideas and specific examples
(1) Develop order-set templates for specialty clinics
(a) Ophthalmology will develop template for admission orders to facilitate the

ordering process for those unfamiliar with the computerised medical record
(consider implementing with any other specialty clinics that may not have an
admission template).

(2) Develop protocols to improve responses to codes
(a) Cardiopulmonary resuscitation (CPR) committee should evaluate the following:

– code cart should have a bracket attached specifically for the Ambu bag so it
will be easily detected if missing;

– code cart sheet changed to landscape format and include a check off box for
each individual item;

– reflective tape placed around the respiratory box so that it stands out and
would be obvious if it is missing;

– inventory locations of central line equipment and develop a check off and
replacement system.

(3) Make sure critical medication is available
(a) Establish a system to generate a list of critical drugs available in the electronic

medical documentation management system. List to be dated and posted
continuously in the intensive care unit, updated quarterly or whenever
additions, changes or deletions are made. Updated list to be communicated to
a predetermined group within 24 hours of changes being made.

Failure to give medication to patient
General change ideas and specific examples
(1) Develop protocols to keep patients from ‘‘falling through the cracks’’
(a) Patients will no longer be dropped from the genitourinary cancer (Zoladex,

goserelin acetate) clinic unless ordered by a doctor.
(2) Improve the management of narcotics

(a) Implement the use of existing computerised narcotic software wherein
licensed nursing staff can do the following: order controlled substances;
receive controlled substances; mark completed green sheet ready for pick up;
view pending orders which will prevent duplicate orders. Provide education to
all licensed staff using the software.

(3) Education
(a) Address minimal or preferably no distractions during admixture of cardioplegic

solution in at least three staff meetings.

Patient was prescribed the wrong medication
General change ideas and specific examples
(1) Education:
(a) All nurses will annually review the allergy warning process in computerised

patient record system (CPRS) as part of their competencies.

Medication given via the wrong route
General change ideas and specific examples
(1) Decrease reliance on memory:
(a) A cognitive aide will be developed and updated yearly for the intensive care

unit healthcare team specific to ownership and responsibility for timely
communication, documentation and interventions in the care of the acutely ill
patient.

Insufficient monitoring/evaluation of patient while on medication
General change ideas and specific examples
(1) Improve procedures for monitoring patients on specific medications
(a) Add dosing criteria/guidelines for enoxaparin to CPRS (blue line/hyperlink).
(2) Limit prescriptions for specific medications if there is no follow-up
(a) Develop a local policy/guideline that would limit the prescribing of greater than

14 days supply of controlled substance through the emergency department.
Suggested inclusions in policy would be:

– patient without a primary care provider would be prescribed no more than 14-
day supply of controlled substance;

– patient having a primary care provider and a narcotic usage contract would be
prescribed no medications unless there were extenuating circumstances and
then limited to supply until next work day;

– patient having a primary care provider, no narcotic usage contract and a self-
limiting injury would be prescribed less than a 14-day supply.

Inpatient took medication brought from home
General change ideas and specific examples
(1) Improve procedures for contraband searches
(a) Update nursing admission template to include question worded, ‘‘Did you bring

medications with you to the hospital?’’. If yes, nursing should secure
medications per policy (either label and send to pharmacy or send home with a
family member).

Issues with filling/sending outpatient medications
General change ideas and specific examples
(1) Double check communications regarding medication
(a) Pharmacy staff will use read back method when receiving communication

about medication (ie, route, dose, etc.).
(2) Educate patients
(a) Educate patients at new patient orientation to the concept of tablet splitting

and importance of reading label on medication bottle.

Adverse drug reactions/allergies
General change ideas and specific examples
(1) Continually update allergy information and communicate to providers
(a) Medical director and computer staff will review allergy alerts for updates/

changes and share the changes with medical providers.

Intravenous pump issues
General change ideas and specific examples
(1) Standardise pump programmes
(a) Develop and implement an action plan for the patient-controlled analgesia

programme to default to ‘‘0 mg/0 ml’’ when the pump is programmed for new
patient data.
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Barcode or medication dispensing issues
General change ideas and specific examples
(1) Make sure all medications are scannable and easy to identify
(a) Pharmacy will manually add barcode labels to all vials of insulin stocked in the

inpatient care units.
(2) Separate look-alike medications
(a) Develop a method to either physically separate or change labelling for

medication with similar sounding names.
(3) Reorganise the storage of high-risk medications
(a) Reorganise the storage compartments for code medication in the anaesthesia

supply cart based on risk and needs assessments. Example: Separate
advanced cardiac life support (ACLS) medications from 2% lidocaine.

(4) Standardise dispensing procedures

(a) By standardising infusion volumes and weighing admixed bags to assure
accuracy, pharmacy will standardise an exact infusion rate for all continuously
infused chemotherapeutic agents and indicate the rate on the infusion bag.

(5) Education
(a) Develop and implement a training programme to train designated pharmacists

and technicians assigned to cardioplegic compounding.

Limited data on adverse drug events
General change ideas and specific examples
(1) Increase reporting of adverse drug events
(a) Make forms visible and easily accessible on medication administration carts

and at the nurse’s station where the verification process is taking place.
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