
ORIGINAL RESEARCH

The Accuracy of Trigger Tools to Detect
Preventable Adverse Events in Primary Care:
A Systematic Review
Joshua Davis, MD, Nicole Harrington, BS, Heather Bittner Fagan, MD, MPH, FAAFP,
Barbara Henry, MLIS, and Margot Savoy, MD, MPH, FAAFP, FABC, CPE, CMQ, FAAPL

Purpose: To understand the ability of trigger tools to detect preventable adverse events (pAEs) in the
primary care outpatient setting using the Institute for Healthcare Improvement’s (IHI) Outpatient Ad-
verse Event Trigger Tool (IHI Tool).

Methods: The OVID MEDLINE and OVID MEDLINE In-process and non-Indexed citations databases
were queried using controlled vocabulary and Medical Subject Headings related to the concepts “pri-
mary care” and “adverse events.” Included articles were conducted in the outpatient setting, used at
least 1 of the triggers identified in the IHI Tool, and identified pAEs of any type. Articles were selected
for inclusion based first on assessment of titles then abstracts by 2 trained reviewers independently,
followed by full text review by 2 authors.

Results: Our search identified 6435 unique articles, and we included 15 in our review. The most
common studied trigger was laboratory abnormalities. The most common pAEs were medication errors
followed by unplanned hospitalizations. The effectiveness of triggers in identifying AEs varied widely.

Conclusion: There is insufficient data on the IHI Tool and its use to identify pAEs in the general real-
world outpatient setting. Health care providers of the primary care setting may benefit from better trig-
ger tools and other methods to help them detect pAEs. More research is needed to further evaluate the
effectiveness of trigger tools to reduce barriers of cost and time and improve patient safety. (J Am
Board Fam Med 2018;31:113–125.)

Keywords: Ambulatory Care, Family Physicians, Medical Subject Headings, Medication Errors, MEDLINE, NHS, Pa-
tient Safety, Primary Health Care

Since the 1999 landmark report by the Institute of
Medicine (IOM), To Err is Human1, patient safety
has become a priority in health care systems.2 Al-
though, most work has focused on acute, inpatient

settings3,4, a much larger number of patients seek
care in the outpatient setting.5,6 Therefore, identi-
fying preventable adverse events (pAEs) in the out-
patient setting is important.

Medical errors are mistakes that may or may not
cause harm (eg, a minor error in dosing a medication).
Not all medical errors are adverse events (AEs). An
AE is harm caused from medical care and not the
disease process itself (eg, a rash in response to an
antibiotic vs a rash in response to an infection). A pAE
is an AE or harm to a patient that is the “result of care
that fell below the standard expected of physicians in
their community”7 or “avoidable by any means cur-
rently available unless that means was not considered
standard care.”8 (Figure 1). Voluntary reporting and
chart review are common, traditionally accepted
methods used to identify medical errors and pAEs in
the hospital setting.9,10 These methods do not trans-
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late easily to the outpatient setting for several reasons.
First, patients are not under constant observation in
the outpatient setting. In fact, the provider-patient
contact time is relatively limited. In addition, it is well
documented that voluntary reporting vastly underes-
timates the rate of medical errors.11,12 Finally, exten-
sive chart review is not only costly, subjective, and
unsustainable but also extremely time consuming and
inefficient.13–15 One method for streamlining error
identification of “high-risk” charts that should be re-
viewed for errors and AEs relies uses a collection
high-risk situation or events called “triggers.”16,17

Several tools have been proposed18–20, but one of the
most recognized is that from the Institute for Health-
care Improvement (IHI).19 This IHI Outpatient Ad-
verse Event Trigger Tool (IHI Tool) was developed
by experts at the IHI using malpractice claims data
and outlines eleven triggers to identify patient records
at risk for an AE.19 The list of triggers can be found
in Table 1. This tool was chosen because it has been
previously described as particularly relevant to the
outpatient and primary care setting and it represents
an established list of predefined triggers.20

The tool developed by the IHI has been report-
edly validated in outpatients to detect any AEs,
preventable or not.19 Although there are reasons
why assessing preventability can be problematic21,
pAEs and medical errors are opportunities for
many safety interventions22 and are often the most
easily accepted improvement opportunities by pro-
viders due to their intuitive appeal as targets for
improvement. We identified 5 systematic reviews
that focused on safety events in the outpatient set-

ting.15,23–26 However, none of these focused on the
accuracy of tools in identifying pAEs.

Therefore, the goal of this systematic review was
to determine the accuracy of each of the components
of the IHI Tool, alone or in combination, in identi-
fying pAEs in the outpatient primary care setting.

Methods
This review was conducted by following the Pre-
ferred Reporting for Systematic Reviews and Meta-
Analyses (PRISMA) Guidelines.27 (online Appen-
dix 1) A master’s prepared medical librarian (BH)
conducted a comprehensive literature search for
English-language articles published on the use of a
trigger tool to identify AEs in the outpatient set-
ting. Dates searched were 1946 to Present in Ovid
MEDLINE and Ovid MEDLINE In-Process &
Other Non-Indexed Citations.

An initial search was run in December 2015. Fol-
lowing discussions among team members, the search
was modified several times, with the final search strat-
egy finalized and performed in February 2016. The
search was updated in February 2017. We chose rel-
evant controlled vocabulary (Medical Subject Head-
ings and keywords) to capture the concepts of the
outpatient setting and AEs. The search for these 2
concepts yielded 6435 articles. (Full search strategy
available in online Appendix 2).

All article titles and abstracts were independently
reviewed for inclusion by at least 2 trained reviewers
(JD, NH, KB). If either reviewer selected a reference,
they ordered the full text for further review. Using
this strategy, 158 articles were obtained. The percent

Figure 1. Venn diagram of relationship between medical errors, adverse events (AEs), and preventable adverse
events (pAEs).
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agreement on initial independent selection of articles
for further review was 97.4%. Interrater reliability
using Cohen’s Kappa was � � 0.34 (95% CI, 0.26 to
0.41). To identify other relevant articles, the refer-
ence sections of all included articles were checked by
one of the authors (JD or NH). As we only included
primary research studies in our systematic review, we
checked reference sections of systematic reviews iden-
tified during the search for potentially relevant pri-
mary studies.

Inclusion and Exclusion Criteria
At the outset, we developed a comprehensive sys-
tematic review protocol, including operational def-
initions, inclusion and exclusion criteria, and search
strategy details. Our operational definition of a
trigger was “a signal for detecting likely AEs.”28

Figure 1 illustrates the components of patient
safety that factor into deliverables of medical care.
A priori, we determined that although the IHI
Outpatient Trigger Tool was designed to detect
any AEs, the focus of our systematic review would
be on pAEs to have a more clinically relevant im-
pact. Because the reporting and assessment of AEs
is highly variable, we determined that pAEs de-
tected by any means in the outpatient setting would
be eligible for inclusion. Preventability was assessed
using the original description in the article and
whether the study assessed for preventability.

Articles meeting all 3 of the following criteria were
eligible for review: research that used any of the trig-
gers identified in the IHI’s Tool19, assessed pAEs by
any means, occurred primarily in the primary care
outpatient setting. There were a number of exclusion
criteria, including articles that were non-English lan-
guage, did not use outpatient data, did not assess
preventability of AEs, greater than 50% pediatric
patients, specialty-focused, fewer than 10 patients or
case reports, or no primary data (reviews, systematic
reviews, editorials, newsletters).

Abstraction Process
The team used an iterative process to develop and
pilot test an abstraction form designed to confirm
final eligibility for full review, assess article character-
istics, and extract data relevant to the study. Each
article was independently abstracted by 2 trained re-
viewers (JD and NH). These 2 reviewers along with 2
authors who were not involved in the abstraction
process (HBF and MS) discussed and combined the 2
summaries into a final version. All abstraction dis-

agreements were minor and were resolved during
discussions among all 4 reviewers. More than half of
these were typographic or human error on the part of
the reviewer. On rereading the article, a clear “cor-
rect” answer was found and agreed on.

Quality Assessment
Systematic review guidelines recommend the use of a
measure of risk of bias within studies.27 Heterogene-
ity among studies, including disparate methods and
training of reviewers has been cited as a reason to
forego quality assessment altogether.28 In addition,
there is no accepted standard for quality assessment of
patient safety studies of this type. We used a tool from
the National Heart, Lung, and Blood Institute
(NHLBI) to assess the quality of the articles included
in our review.29 It should be noted, though, that this
tool is for use with observational studies in general,
and not patient safety articles.29 We therefore modi-
fied the tool and categorized the trigger as the expo-
sure and the pAE as the outcome. As recommended
by the developers of the tool, the results were not
tallied, but the interpretation of the results and final
categorizations of articles was based on the perceived
overall risk of bias. According to statements from the
Standards for Reporting of Diagnostic Accuracy
Studies (STARD), scales that numerically summarize
multiple components into a single number are mis-
leading and unhelpful.30 Thus, the authors applied
the NHLBI Quality Assessment Tool and the
STARD tool to our selected group of 15 articles to
help characterize quality.29,30 To make comparisons
between the 2 tools comparable, the STARD check-
list was transformed into a rating of good, fair, and
poor using a cutoff of �75% of applicable checklist
items as a cutoff for good, and less than 60% for poor.
No outliers were identified and all 15 were included
in our review. This was done independently by 2
authors who met and agreed on categorization by
consensus with little disagreement. Given the heter-
ogeneity expected, it was determined that a funnel
plot or other assessment of publication bias would be
impossible.

Results
Our initial search strategy identified 6,435 articles
(Figure 2). After our initial review of titles and ab-
stracts, we requested 158 full-text articles. Of these
full-text articles, 10 fulfilled inclusion and exclusion
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criteria and are included in this review. One review
article was published in English but cited a study
originally published in French.31 We did obtain the
original French study32 and had it translated by a
native French speaker to ensure the data in the Eng-
lish version was an accurate representation of the
original study. In addition, reviews of reference sec-
tions of included articles and relevant systematic re-
views identified 4 new articles17,33–36 for inclusion.
Therefore, 15 studies with a total of 278,212 patients
and 126,197 incidents of positive triggers were in-
cluded in this review.17,20,31,33–45

Of the 15 included studies, 9 were conducted in
the United States, 3 in Scotland, and 1 each in
Brazil, France, and Australia (Table 2). Eight stud-
ies were published since 2010 and 2 were published
before 2000. Most were retrospective, but 3 were
prospective. Most studies involved only 1 site, but
the number ranged from 1 to 40.

Adverse Events
Only 1 study evaluated a control group, using a case
control methodology and a random selection of
patients without a trigger.38 Therefore, the quan-

Figure 2. Flow diagram for selection of articles in a systematic review of trigger tools for identifying preventable
adverse events (pAEs) in the outpatient setting.

Initial search

n=6,435 articles

4 articles identified 
from other sources 

(systematic reviews, 
reference sections, 

update)

11 articles met all inclusion 
and no exclusion criteria

158 articles ordered for 
full text review

6,277 abstracts excluded by 
abstract review

148 articles excluded

15 articles included in 
this review
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tification of the accuracy of the triggers is limited to
the positive predictive value (PPV). The value
ranged widely from 0.05% for drug laboratory
rules39 to 92% for hospitalization for new rectal
cancer.42 The PPV of polypharmacy ranged from
19.5% to 29.3% (depending on the number of
medications used to define polypharmacy), for lab-
oratory abnormalities ranged from 0.05%39 to
30.6%36, for hospital admissions ranged from
1.8%33 to 9%37, and for combined tools ranged
from 1.8%33 to 24%.36 International normalized
ratio (INR), in general, had a particularly high
detection rate of adverse drug event (ADEs), as
high as 96% in 1 study.38

The overall detection of AEs in the samples
studied varied widely, from 1.4%39 to 14.6%38 (Ta-
ble 2). In the 2 studies that examined fixable (ame-
liorable) events, all the AEs that were not prevent-

able were ameliorable.38,44 The most commonly
studied pAEs were medication related (preventable
adverse drug events).33,36,38–41,44 Preventable or
unplanned hospital admission was the second most
commonly studied type of pAE.42,43,45 Three stud-
ies looked at any type of pAE identified in the
chart.20,31,34,35,37

The most commonly used method to identify
pAEs was chart review.20,31,33–44 Four studies used
physicians only as reviewers35,37,38,40, 3 used a com-
bination of physicians and pharmacists.33,36,41 1
used nurses34, 1 used pharmacists44, and 1 used a
combination of physicians and nurses20, 5 studies
used more than 1 reviewer and all these used at
least 2 independent reviewers.20,33,37–39 Interrater
reliability of chart review was assessed in 4 stud-
ies33,37,40,44 and ranged from a Cohen’s kappa of
0.3337 to 0.89.44 Bigby et al37 showed an intrarater

Table 2. Institute for Healthcare Improvement18 Outpatient Adverse Event Trigger Explanations

Trigger 1: new diagnosis of cancer Treatment for cancer commonly requires surgery, chemotherapy, etc. This
type of care has risks for adverse events related to the care, such as
leukopenia from chemotherapy or surgical infection. Avoid wandering
into the issue of omission, which can occur easily. For example, failure
to do appropriate preventive measures and cancer diagnosis missed for a
year is not an adverse event as defined in this tool because it is not an
unintended consequence from care delivered. The tool is not meant to
evaluate the appropriateness of care, but rather to determine if an
adverse event did occur from the care which was delivered.

Trigger 2: nursing home placement Determine if the placement was the result of an event, such as over
sedation causing a fall and hip fracture or a surgical misadventure
requiring long-term care.

Trigger 3: admission & discharge from
hospital

Determine if the reason for admission was related to an event related to
any health care interaction, either inpatient or outpatient.

Trigger 4: 2 or more consultants in a
year of review

Multiple consultants can be the result of a medical misadventure. Look for
unintended events from other care that required consultation with
others afterwards.

Trigger 5: surgical procedure Look for evidence of pulmonary embolism, deep vein thrombosis, wound
dehiscence, infection, hemorrhage, hematoma, etc.—any of the
unintended events that can occur from surgery either while the patient
was in the hospital or after discharge.

Trigger 6: ED visit Look for the reason for the visit, specifically for an adverse event related
to other care that required ED care or events related to the ED visit.

Trigger 7: Greater than 5 medications Evidence exists that patients taking greater than 5 medications have a high
incidence of adverse medication events. Look for drug-drug interactions,
particularly over sedation or overmedication, and development of
toxicity.

Trigger 8: physician change Look for an abrupt change from a mid-level provider to a physician or out
of network referral. Was there an abrupt change in the physician in
charge? What might that reason be? Look for adverse events.

Trigger 9: complaint letter Look to see if the complaint related to an event (i.e., request for the
waiver of co-payment, payment or concern about quality of care).

Trigger 10: �3 nursing calls in 1 week Calls might all be related to one event.
Trigger 11: Abnormal Lab Value Patients with results outside of range have greater risk of experiencing an

adverse event. The lab value itself is only a trigger, so look for evidence
of harm. Pay particular attention to lab values related to high-risk
medications, such as INR �6 or Glucose �50.

ED, emergency department; INR, International normalized ratio.
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reliability from 0.34 to .75 (P � .05). All 3 studies
showed that interrater agreement on presence of an
AE was higher than agreement on preventability/
causation. Besides chart review, the other methods
to identify pAEs included information from a re-
search database43 and public data for the National
Health System.45

Triggers
The incidence of triggers in a random cohort of
charts ranged from 45.6% (507/1111)42 to 1 study
that had 1342 triggers in 622 episodes of care38

(Table 2). Several studies cited the same patients
having multiple triggers within a given period of
review. Honigman et al39 noted that “The relation-
ship between computer-identified incidents and
ADEs was often ‘many to 1�.” Across all studies,
most of the triggers were identified by either com-
puterized notification (8/14; 57.1%) or manual re-
cord review (6/14; 42.9%). One study also inter-
viewed patients, in addition to manually obtaining
lab values from the primary care physician.44

Several triggers in the IHI trigger tool were
not used in any of the included studies: nursing
home placement, surgical procedure, physician
change, and complaint letter. Several studies as-
sessed more than 1 of the triggers at the same
time, but none of the studies used all of them.
The most IHI triggers used in a study was 5.
Eight studies17,20,33,36,39,40,42,44 paired triggers
from the IHI tool with other triggers, such as
free text searches of charts33,39,40, new allergy or
“high-priority” codes20,35,40, ICD-9 codes39,40,
antidote administration33,36, symptom review44,
and incident reporting.33

Triggers that were studied individually included
lab abnormality38–40,44, polypharmacy43,45, and
hospital admission.31,37,42 The definition of polyp-
harmacy provided by the IHI tool is �5 medica-
tions; however, studies in this review used numbers
from 4 to 12.43,45 Lab abnormalities evaluated
across all studies included international normalized
ratio (INR),33,34,36,38–41 creatinine17,33–36,38–41, he-
moglobin17,33–36,40, potassium,33,36,39,40 amino-
transferase enzymes33,35,37, eosinophilia33,35,39,
platelet count33,36,38, toxic drug levels33,36,40, bili-
rubin36,40, blood urea nitrogen36,38, hemoglobin
A1c33,36, thyroid-stimulating hormone (TSH)36,38,
positive C. difficile33,36, and white blood cell
count.40 Brenner et al37 found no patients with an
undetectable TSH while on levothyroxine and

Singh et al17 found that toxic drug levels, hemo-
globin, platelet count, eosinophilia, potassium, bil-
irubin, alkaline phosphatase, hemoglobin A1c, and
C. difficile had incredibly low PPVs.

Related Findings
Several studies had findings that were related to
our research question and would be interesting to
those interested in studying triggers further. El-
derly patients were often the focus of many stud-
ies17,33–36,43,44, and 4 studies found that older pa-
tients were more likely to have pAEs.20,37,43,45 One
study that utilized 2 sites found that while imple-
mentation at 2 sites were successful, there were
variable rates in success of using abnormal labora-
tory values in identifying pAEs across 2 sites.36

Bigby et al36 found that 9% of emergency admis-
sions were preventable: 6.8% due to a combination
of iatrogenic and patient factors, and 2.2% due
exclusively to patient factors, for example, noncom-
pliance. Brenner et al37 noted “that most ADEs
[not only preventable ones] occurred during the
self-management and monitoring stages of medica-
tion use, rather than being prescribing or dispens-
ing errors”; however, Singh et al17 noted that pre-
ventable ADEs “most commonly originated during
the prescribing or administration of medications.”
Payne et al44 found that number of conditions/
diagnoses was more predictive of preventable hos-
pitalization than number of medications.

Of the studies, 4 reported average time to collect
data20,34,36,42, and none reported cost involved in
detecting either the triggers or both the pAEs and
the triggers. In 1 study by Macnee et al41, the initial
time investment from information technology to
establish a computerized tool to detect hospital
admissions for cancer ranged from “a few hours to
2 days” across 5 clinical sites. The maximum time
reported to review the outpatient records for pAEs
of about 20 minutes per record.35 One study re-
ported that the “duration of time taken was ok,”17

while another reported, “…the low PPVs suggest
that extensive investigator time will be required to
use any of the sources investigated.”33

Quality Assessment
Overall, quality assessment showed a moderate risk of
bias. Using the NHLBI tool, we rated 4 articles (27%) as
“Good,”20,38,40,45 6 (40%) as “Fair”33,35,36,39,43,44, and 5
(33%) as “Poor.”17,31,37,41,42 Using the STARD tool, we
rated 4 articles (27%) as “good”33,36,38,40, 6 articles
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(40%) as “fair”20,35,36,39,42–44, and 5 articles (33%) as
“poor.”31,37,41,43,45 Percent agreement among reviewers
was 84%. Complete details are available from the au-
thors on request.

Discussion
An ideal trigger tool would efficiently detect, mon-
itor, and measure harm and identify AEs. As studies
have shown, trigger tools can identify a number of
different levels of harm and are tailored to health
care organizations and health professionals that can
effectively use the tools in conjunction with other
patient safety interventions. The IHI Global Trig-
ger tool is among the more developed, recom-
mended tools for health organizations. The tool
was designed to help health organizations imple-
ment quality improvement approaches and comple-
ment other information sources regarding potential
patient harm. Moreover, the ideal tool (or system
of tools) would be able to detect AEs in advance
thereby preventing harm.

Summary of Findings
Our study identified 15 articles that assessed the
accuracy of any of the triggers in the IHI Tool in
identifying pAEs in the general outpatient setting.
The studies had a moderate risk of bias according
to the NHLBI tool. The outcome measurements
were remarkably heterogeneous and precluded our
ability to quantitatively compare the studies. Our
data suggest that accurate trigger tools remain elu-
sive, primarily because of the high number of false
positives detected with current tools. Certain items
from the IHI tool had no studies on their accuracy
in the primary care setting and deserve specific
further research: nursing home placement, surgical
procedure, change of physician, and patient com-
plaint letter.

In another recent systematic review, the IHI
Global Trigger Tool had only 4 studies conducted
in the outpatient setting.21 Despite this, the role of
outpatient medical care in patient safety is being
increasingly recognized as equally if not more im-
portant than that of inpatient medicine.3,4 A differ-
ent approach to identifying AEs in the outpatient
setting is needed. Inpatient care can use a single
admission as representative of an entire episode,
whereas outpatient care is a time-limited represen-
tation of a continuum of care, much of which is
unobserved. Identifying AEs in the outpatient set-

ting will require a combination of robust identifi-
cation mechanisms such as trigger tools, scoring
systems, chart reviews, and perhaps patient report-
ing.

Comparison of Other Review Studies
Robust outpatient safety programs will rest on such
mechanisms but will need to address the barriers of
time and cost.45 Very few studies included in our
study evaluated time or cost of implementing trig-
gers. A successful trigger tool must add value and
efficiency in identifying patients or charts that are a
high risk of AEs. Preventable AEs are those that are
currently actionable for improvement among fam-
ily medicine clinicians. A recent systematic review
summarized the rate of AEs in the outpatient set-
ting and identified an overall median AE rate of 4%
(range, �1% to 24%) in over 100 primary stud-
ies.25 A quality trigger tool should identify a signif-
icantly higher percentage of AEs than those that
could be identified by random chart review. In
addition, random chart review would undoubtedly
miss relevant and preventable AEs. In our included
studies, conclusions on the use of trigger tools for
identifying pAEs varied. For example, DeWet et
al20 stated that “the tool may have greater utility as
a research rather than an audit technique”; how-
ever, Macnee et al41 stated that their approach
“may be 1 of the most effective, low-cost methods
of identifying critical occurrences in ambulatory
care.” Indeed, further work on improving the iden-
tification of AEs, including pAEs, is desperately
needed. A systemic review by Hatoun et al23 notes
that “…trigger events are used increasingly in the
inpatient setting, and although others now exist for
ambulatory surgery, few exist for ambulatory pri-
mary care.” To better understand the value of trig-
ger tools, it will be important for future research to
use control groups (like voluntary reported and
random chart review) and to evaluate the time and
cost necessary to identify triggers. Some combina-
tion of triggers and chart review and patient input
in a standardized, multi-step process may also im-
prove the accuracy of identification of pAEs.

Implications
This study was limited to the identification of pAEs
to be more relevant to real practitioners looking to
improve the safety of real practice. However, the
concept of preventability is not well defined, let
alone practical, for research purposes. There is of-
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ten confusion among both health-care practitioners
and researchers about preventability. The determi-
nation of preventability and the value of pAEs ver-
sus AEs as a quality measure is a hotly debated topic
in patient safety.47 Proponents of preventability
assessment argue that the area for the greatest cur-
rent potential improvement is in pAEs and that
nonpreventable AEs are of little value. They also
argue that the use of overall AEs as a measure of
safety seems to overestimate the number of safety
events that are preventable versus those that are
inherent (as in the IOM reports).1,48,49 pAEs are
also the easiest errors for those who are unfamiliar
with patient safety terminology to identify as areas
for improvement. Those against the use of prevent-
ability measures cite that its assessment is unreli-
able50–52, the definition of preventable changes as
technology and research evolve, most AEs are pre-
ventable53, and determinations of preventability fail
to take into account the existing disease and sur-
rounding circumstances.48 To that end, our results
do support the notion that reliability of prevent-
ability assessment is lower than that of AE identi-
fication, although the interrater reliability for both
varied widely.

Limitations
This review has limitations. First, we chose to focus
our search on the triggers listed in the IHI Tool
rather than a more comprehensive list. Various
definitions of triggers and various methods of iden-
tifying pAEs limits the conclusions that can be drawn
from this analysis, given that results could have been
missed or misclassified. The possibility of missing
potentially relevant articles always exists, although we
used a robust search strategy, multiple databases, an a
priori protocol, and a trained medical librarian to
attempt to mitigate this, although publication bias is
likely to be especially important as much of this work
may be conducted under the banner of quality im-
provement. In addition, the quality, limited report-
ing, and heterogeneity of the original studies pre-
cluded formal meta-analysis and limited quality
assessment. Finally, no minimum standards of ef-
fectiveness for trigger tools are established. Our
authors agreed that a tool should identify more
events (perhaps twice as many) as random chart
review. Yet feasibility, a more subjective measure,
matters a great deal and feasibility would depend
on who was trying to use the tool and for what
purpose.

Conclusion
Given the limited data available, it is premature to
endorse the universal use of the IHI Tool to iden-
tify outpatient pAEs. This work highlights a start-
ing point for future research on the topic of patient
safety in the outpatient primary care setting.
Greater emphasis on patient safety research will
help direct health care providers to consider the use
of triggers to reduce barriers of cost and time as-
sociated with a large number of random chart re-
views. An increased focus on identification of pAEs
in the outpatient setting is urgently needed to im-
prove patient safety.

The authors acknowledge the work of Kameron Brown for his
help in obtaining and screening articles for this study.

To see this article online, please go to: http://jabfm.org/content/
31/1/113.full.
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Appendix 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Checklist*

Section/topic No. Checklist Item

Title
Title 1 Identify the report as a systematic review, meta-analysis, or both.

Abstract
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data

sources; study eligibility criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known.
Objectives 4 Provide an explicit statement of questions being addressed with reference to

participants, interventions, comparisons, outcomes, and study design (PICOS).
Methods

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web
address), and, if available, provide registration information including registration
number.

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact
with study authors to identify additional studies) in the search and date last
searched.

Search 8 Present full electronic search strategy for at least one database, including any limits
used, such that it could be repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in
systematic review, and, if applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and confirming data
from investigators.

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding
sources) and any assumptions and simplifications made.

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including
specification of whether this was done at the study or outcome level), and how
this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done,

including measures of consistency (e.g., I2) for each meta-analysis.
Risk of bias across

studies
15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g.,

publication bias, selective reporting within studies).
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses,

meta-regression), if done, indicating which were pre-specified.
Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the
review, with reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study
size, PICOS, follow-up period) and provide the citations.

Risk of bias within
studies

19 Present data on risk of bias of each study and, if available, any outcome level
assessment (see item 12).

Results of individual
studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple
summary data for each intervention group (b) effect estimates and confidence
intervals, ideally with a forest plot.

Continued
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Appendix 1. Continued

Section/topic No. Checklist Item

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and
measures of consistency.

Risk of bias across
studies

22 Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses,
meta-regression 	see Item 16
).

Discussion
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main

outcome; consider their relevance to key groups (e.g., healthcare providers,
users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-
level (e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and
implications for future research.

funding
Funding 27 Describe sources of funding for the systematic review and other support (e.g.,

supply of data); role of funders for the systematic review.

*From http://prisma-statement.org/PRISMAStatement/Checklist.aspx.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med 2009;6(7):e1000097.
For more information, visit www.prisma-statement.org.
PICOS, participants, interventions, comparisons, outcomes, and study design.
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Appendix 2. Search Strategy for a Systematic Review of Trigger Tools to Detect Preventable Adverse Events in the
Outpatient Setting

Database: Ovid MEDLINE(R) 1946 to Present with Daily Update Search Strategy:

1 *ambulatory Care Facilities/ (9251)
2 ambulatory Care/ (37549)
3 outpatients/ (11353)
4 1 or 2 or 3 (56620)
5 “ambulatory care.”ti. (3118)
6 outpatient:.ti. (23080)
7 4 or 5 or 6 (66293)
8 primary health care/ (58821)
9 general practice/ or family practice/ or internal medicine/ (82748)

10 “primary care.”ti. (28235)
11 8 or 9 or 10 (139752)
12 medical errors/ or diagnostic errors/ or medication errors/ or inappropriate prescribing/

or medication reconciliation/ or near miss, health care/ (58395)
13 safety/ or patient harm/ or patient safety/ or safety management/ (60268)
14 Iatrogenic Disease/ (14236)
15 12 or 13 or 14 (125639)
16 (“patient harm” or “patient safety” or “near miss”).tw. (16137)
17 (avoidable or preventable or unintended).tw. (29878)
18 (harm or iatrogneic).tw. (25282)
19 “adverse reaction”:.tw. (23135)
20 “adverse event”:.tw. (83092)
21 “adverse drug event”:.tw. (2065)
22 “adverse drug reaction”:.tw. (8865)
23 (medication adj2 adverse).tw. (522)
24 unplanned.tw. (5392)
25 “critical incident”:.tw. (1508)
26 (error or errors or “Medical error”: or “medication error”: or “diagnostic error”:).tw.

(180953)
27 harmful.tw. (33361)
28 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 (390278)
29 7 and 15 (1078)
30 7 and 28 (2601)
31 11 and 15 (1782)
32 11 and 28 (3592)
33 29 or 30 or 31 or 32 (7680)
34 limit 33 to English language (6808)
35 limit 34 to (comment or editorial or letter or news) (373)
36 34 not 35 (6435)
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