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Abstract

Diagnostic errors are common and costly, but difficult to detect. “Trigger” tools have promise to 

facilitate detection, but have not been applied specifically for inpatient diagnostic error. We 

performed a scoping review to collate all individual “trigger” criteria that have been developed or 

validated that may indicate that an inpatient diagnostic error has occurred. We searched three 

databases and screened 8568 titles and abstracts to ultimately include 33 articles. We also 

developed a conceptual framework of diagnostic error outcomes using real clinical scenarios, and 

used it to categorize the extracted criteria. Of the multiple criteria we found related to inpatient 

diagnostic error and amenable to automated detection, the most common were death, transfer to a 

higher level of care, arrest or “code”, and prolonged length of hospital stay. Several others, such as 

abrupt stoppage of multiple medications or change in procedure, may also be useful. Validation 

for general adverse event detection was done in 15 studies, but only one performed validation for 

diagnostic error specifically. Automated detection was used in only two studies. These criteria 

may be useful for developing diagnostic error detection tools.
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Introduction

Diagnostic error can be defined as a wrong, missed, or delayed diagnosis [1] and is a cause 

of significant health-care harm that is largely preventable [2]. One estimate attributed 

diagnostic error for causing 40,000–80,000 deaths in the US annually in the inpatient setting 

alone, [3] and errors of diagnosis are the most common [4] and the most lethal [5] kind of 

professional liability claim. One in 20 US adults in the outpatient setting is estimated to be 

affected by a diagnostic error, [6] and about half of these errors are considered to be 

potentially harmful. While patient safety has become an increasingly high priority 

nationwide, diagnostic error has largely been overshadowed by efforts to reduce other kinds 

of harm, such as medication errors and nosocomial infections, and this may be due in part to 

the difficulty in measuring and analyzing diagnostic errors accurately.

Voluntary reporting and autopsies are some of the multiple possible approaches used to 

research diagnostic error, [7] but all have significant limitations. Retrospective chart review 

is often the best option, but this method is time-consuming and costly. Such review efforts 

have been facilitated by two-stage review processes, in which a nurse or other non-physician 

first reviews a chart for any among a list of screening criteria or “triggers”, such as an 

inpatient death or transfer to an intensive care unit (ICU), and those records that screen 

positive for a criterion are then reviewed by a physician to evaluate for the presence of an 

adverse event (AE). This method was first reported in the California Medical Insurance 

Feasibility Study (MIFS), [8, 9] adapted for the landmark Harvard Medical Practice Study 

(HMPS), [10–12] and similar studies in other countries [13–17], and influenced 

development of the “Global Trigger Tool” (GTT), [18] the most commonly employed such 

tool today.

None of these studies focused specifically on diagnostic errors, but usage of trigger tools has 

significant potential to improve the study of diagnostic error, [7] as this method can enrich 

the yield of charts reviewed and some can be applied with automated screening. Trigger 

tools for diagnostic error have been employed successfully in the outpatient setting using 

criteria such as an unscheduled hospitalization within 2 weeks of a primary care visit [19]. 

No such studies have been done specifically evaluating general triggers of diagnostic error 

in the inpatient setting. Study of diagnostic error has previously been focused in areas of 

high risk such as missed cancer in outpatient settings, and in the emergency department with 

high degrees of uncertainty and time pressure with undifferentiated patients. However, as 

these numerous studies on adverse events have demonstrated the harm and preventability of 

diagnostic error in hospitals, we sought to identify potential triggers that have been reported 

in research literature that could be used to screen for diagnosis-related errors in hospitalized 

adult patients, and specifically those that would be amenable to automated detection using 

data available in an electronic health record (EHR).

Methods

Developing a search strategy

We first compiled a test set of 12 articles by searching references in review articles and 

looking for related references through PubMed. From these articles we extracted keywords 

Shenvi and El-Kareh Page 2

Diagnosis (Berl). Author manuscript; available in PMC 2015 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and medical subject headings (MeSH) terms, and evaluated iterations on our searches by 

success in retrieving the test set citations. Searches were then adapted for the syntax of Web 

of Science and CINAHL, with additional queries for those articles in PubMed not yet 

indexed with MeSH terms, and for those in CINAHL not yet similarly indexed. Keywords 

included “adverse events”, “diagnostic errors”, “detect”, and “identify”, and MeSH headings 

included “Medical Errors”, “Medical Audit”, and “Risk management/methods”. We limited 

our search to those published in the English language. A full description of the search 

strategy is available in the Supplementary Material.

Article selection

The final database searching in July 2013 of PubMed, Web of Science, and CINAHL 

retrieved 8861 references. Removing duplicates yielded 8558 unique citations. Both authors 

screened titles and abstracts, and identified 146 for full-text review. Disagreements were 

discussed between the two reviewers in order to come to a consensus. We also searched 

references cited in both research and review publications; this citation tracking yielded an 

additional five articles for inclusion, for a total of 33 included studies. Article selection is 

summarized in Figure 1.

We included only those articles that developed or validated criteria indicating that an error 

may have occurred. Some studies validated an entire tool, such as the GTT, but not 

individual criteria, so these were not included. Error-detection studies that referred to other 

articles for their methods or criteria used for their study were also excluded, although we 

searched these citations as well. Because our study focused on criteria applied to adult 

medical inpatients, we also excluded studies that were only applied to outpatients, 

emergency departments, pediatrics, or other specialties.

Framework of outcomes

We had a goal of categorizing potentially measurable trigger criteria that we would find in 

the literature search. As we did not find an appropriate system to use, we underwent an 

iterative process of creating a framework for this purpose. After preliminary discussion with 

clinical experts about the manifestations of diagnostic errors, we identified categories of 

“signals” related to patient status, clinical assessments (e.g., a diagnosis itself), and clinical 

actions (e.g., starting a treatment or making other management decisions). We used four 

appropriate clinical cases to help inform further development, and validated it with an 

additional four clinical case reports. As we reviewed the potential criteria published in the 

literature, we refined categorization in an iterative process. A depiction of this categorization 

is in Table 1.

Data extraction and analysis

One author [ES] primarily did the full-text review and data extraction, with guidance and 

revision by the other author [RE]. From each study, we extracted the research objectives and 

setting, presence of validation and automation, and also whether the authors reported that 

their methods detected “diagnostic error”, its incidence, and how such error was defined. A 

summary of included studies is in Table 2.
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We extracted all record screening criteria from the included articles. Determination of 

whether or not such criteria were likely to be useful triggers for inpatient diagnostic error 

was done by comparison with our framework of potential outcomes. A summary of 

extracted criteria is in Table 3, grouped by category and ordered as presented in Table 1. An 

expanded version of all criteria reported is available in the Supplemental Material, Table 2.

Results

Criteria associated with diagnostic error

Significant clinical deterioration: death, arrest or code, and resultant clinical 
management—Error that results in harm would be those of highest priority to be 

prevented, which may manifest as some kind of clinical deterioration due to lack of 

management appropriate to the patient's true condition. The worst of such deterioration 

would result in a patient death, or near death, such as a cardiorespiratory arrest and the 

necessity for a “code team” or “rapid response team” to resuscitate the patient. Any inpatient 

“death” therefore would be a trigger criterion to prompt review for a diagnostic error, or for 

AEs in general. One or more of these three concepts (death, cardiorespiratory arrest, or 

medical emergency team response) was present in all studies. Some authors modified them 

to increase their specificity for error, such as by limiting deaths only to “unexpected death”, 

or “death unrelated to natural course of illness and differing from immediate expected 

outcome of patient management” [31]. One study [21] that was not attempting to measure 

incidence but to perform qualitative analysis of care prior to AEs only examined deaths 

subsequent to a code team call or ICU transfer. These criteria would all function differently 

compared with a categorical “death” criterion, although the concept is essentially the same.

Cardiorespiratory arrest was a separate criterion from death in most studies. To increase 

specificity of this criterion in the MIFS, reviewers were instructed to not count 

cardiorespiratory arrest as a positive screen in patients who were admitted for planned 

terminal care, [8] and Pavão [24] distinguishes this from “Death” by specifying only 

“reversed” cardiorespiratory arrest. It was linked with other “serious intervening event(s)” 

including deep vein thrombosis, pressure sore, and neurological events in two studies [32, 

40]. Activation of a code team in response to such an arrest is a clinical action that would 

function very similarly as trigger, even though cardiorespiratory arrest itself is referring to 

the status of the patient. The three studies [22, 31, 37] that only listed an emergency team 

activation as a criterion (code, medical emergency, or rapid response team) did not have a 

separate cardiac arrest trigger. The GTT tool as developed in early studies [18, 27] has as 

one trigger “any code or arrest”, adding “rapid response team activation” in a later study, 

[22] but unlike others, does not have “Death” as a unique trigger separate from these clinical 

events except for intra- or post-operative death. Variations across hospitals for what clinical 

scenarios prompt such activations are likely to affect broad applicability of these criteria.

Transfer to an intensive care unit or other increased level of care was present in 29 of the 

studies. Several specified that such a transfer had to be unexpected for the record to screen 

positive. Names for units varied, with “intensive”, “semi-intensive”, “acute”, and “special” 

care units all being terms that were used, although only one [36] distinguished intensive and 

intermediate care transfer as two separate criteria. This criterion was broadened to any 
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“transfer to a higher level of care” in four studies [18, 22, 28, 35]. Three of these also 

included readmission to the ICU, [18, 22, 35] which could be a manifestation of 

deterioration in one missed disease process while another may have improved, but could be 

regarded as an overlap with any increased care acuity.

Other deterioration (as depicted in Table 3) may result in intubation after admission, new 

dialysis, or medical management changing to emergent surgery, resulting in an unexpected 

procedure or visit to the OR. We also grouped change of code status in this category, such as 

a patient being full code but then deteriorating to the point of receiving a “do not 

resuscitate” order. However, these four may not necessarily be the outcome of deterioration 

but may merely reflect a change in management plan, which is a category discussed below.

Unexpected time course of illness—Each condition has an expected range of potential 

courses, and some criteria aim to detect those courses that deviate from what was expected. 

Diagnostic error may manifest after discharge, such as lack of improvement necessitating 

return to healthcare or readmission within a certain time period. Many studies used 

readmission within a threshold number of days, or specifically a readmission because of the 

care provided in the previous admission [33].

Diagnostic error may also prolong the hospital course, with or without deterioration or 

changes in clinical management. This concept was present in 10 of the studies, although 

quantified in different ways: using threshold values (e.g., length of stay [LOS] >35, 21, or 

10 days), comparison with an “expected” duration at admission, or comparison with average 

duration for diagnosis-related group (DRG). The HMPS [10] used different percentiles for 

DRG based on patient age. Craddick's Medical Management Analysis (MMA) program [48] 

was a system intended to be tailored to each hospital, and this system left it to each 

institution's discretion to set its own threshold of either LOS or a percentile. Specific 

thresholds are less broadly applicable across geographic and care settings, as Kobayashi et al 

report [30] that the average length of hospital stay in Japan in 2004 was 22.2 days, much 

longer than in other countries. This makes threshold values for length of stay unable to be 

applied in Japan as they are elsewhere. The MIFS group [8] attempted to improve the 

specificity of this criterion by instructing reviewers to exclude those prolongations of 

hospitalization that were only for administrative or social reasons.

Change of management team—Recognition of a diagnostic error could result in a 

patient transfer to another hospital, which was a criterion included in 23 studies. Two [8, 24] 

include exceptions for those transfers that are for exams or procedures unavailable at the 

first hospital and those that are mandatory for administrative reasons. This may be of 

questionable utility in urban tertiary care academic medical centers, but useful for quality 

review purposes in smaller hospitals, in which it may occur that a patient's failure to 

improve results in a decision to procure assistance from a larger or more specialized 

institution.

Correction of error could also result in a patient transfer to another service, such as from 

general medicine to cardiology, without a concomitant increase in acuity. Resar and 

colleagues [35] in the ICU trigger tool included change of physician in charge as a criterion 
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for detection of potential error. While physician changes happen for multiple reasons besides 

diagnostic error, construction of a tool to detect change of management team may be a 

useful screen.

Change of specific management plan—Responding to or correcting a diagnostic error 

could result in a change in the specific treatment plan for a patient. “Abrupt medication 

stop” was a criterion in five studies; one [23] specified this for an enterprise data warehouse 

query as “discontinuation of 4 of more medications in a 6 h period >48 h after admission and 

at least 24 h prior to discharge”.

Changes in plan regarding a surgery or other procedure could manifest in three different 

ways, and all were present in at least one study. A patient with a wrong diagnosis could be 

booked for surgery and then changed to medical management (i.e., cancellation of a planned 

procedure), or have a pre-operative diagnosis and planned procedure that differs 

significantly from a post-operative diagnosis and actual procedure performed (i.e., change in 

procedure). Alternatively, an unplanned visit to the operating room or other procedural 

facility, as discussed under deterioration, could also occur after a patient receives medical 

therapy only to eventually undergo operative management.

Change in diagnosis itself—Recognition of an incorrect diagnosis could reasonably 

result in a modification of the patient's primary or secondary problems in the medical record. 

The only criterion we encountered that dealt with a diagnosis was a pathology result either 

normal or unrelated to the previous diagnosis, [18, 27] which we grouped with criteria 

related to procedures since this would be the mode of acquiring a specimen, and the 

comparison would be made to a pre-procedure diagnosis. Other criteria related to diagnoses, 

as listed in our “Indicators of Clinical assessment” column in the framework, were not 

present in these studies. Substantial change in the problem list might be a useful screen for 

diagnostic error, although the performance and potential for automation would vary by EHR 

design and on how well the problem list is maintained.

Diagnostic uncertainty—Identification of cases in which the correct diagnosis was 

unclear to the medical team would be useful for review for patient safety and educational 

purposes. Direct measurement of instances of diagnostic uncertainty would be difficult; 

however, there are possibly ways to detect indirect manifestations. We found only one 

published criterion in this category. Resar's ICU trigger tool [35] used the criterion of 

multiple consultations, using the threshold of three or more. Requesting input from multiple 

specialties could be a manifestation of either diagnostic uncertainty or delay.

Other criteria reported likely to be associated with diagnostic error

Other criteria we encountered may be associated with diagnostic error, but are unlikely to be 

amenable to automated detection or available in an EHR. Two studies [31, 32] used delay or 

error in diagnosis as a screening criterion itself, which would require significant clinician 

interpretation in order to use. Others, such as patient and provider dissatisfaction, litigation, 

or ethics board referrals, are not likely to be in an EHR.
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Criteria for non-diagnostic error

The criteria we regarded as not associated with diagnostic error were those developed to 

detect other types of adverse events, such as those specific for nosocomial infections 

(positive blood or urine cultures), adverse drug events (administration of “rescue” 

medications, like naloxone or vitamin K), and procedural complications (return to the 

operating room or injury of an organ during a procedure). Additional triggers were for in-

hospital falls, venous thromboembolic events, strokes, pressure ulcers, and bleeding. Since 

the majority of these studies employed manual screening, many also had a vague “catch-all” 

category that is not translatable to an electronic trigger; two such criteria are “any other 

undesirable outcome not covered above” [10] and “other finding on chart review suggestive 

of an adverse event” [44]. A full list of these criteria we considered not primarily associated 

with electronic detection of diagnostic error, as well as example studies in which each was 

used, is available in the Supplementary Material, Table 2.

Diagnostic error, validation and automation

Thirteen of the studies reported the proportion of adverse events involving diagnostic error, 

while the other studies had varied research objectives, mostly determining severity and 

preventability of adverse events rather than other categorizations. In the studies that reported 

results for diagnostic errors, the proportion of AEs involving diagnostic errors was as low as 

5.1% in one study [33] to 67.5% in another [37] (discussed below). These proportions are 

difficult to compare given variation in the definitions of their study populations 

(denominators).

Fifteen studies reported validation metrics for their criteria, as positive predictive values or 

odds ratios for individual criteria, or kappa coefficients for inter-rater agreement during 

manual review. However, these are validation metrics for AEs in general and not specific to 

diagnosis. Only one study [37] provides statistics for which validation in detecting 

diagnostic error can be inferred. This study used only the single criterion of medical 

emergency team referral, and found that 31.3% were associated with medical errors, of 

which 67.5% were determined to be diagnostic, although it used a broader definition of 

diagnostic error that includes failure to perform a test or act on known results (as in Table 

2). Given the variability of definitions of error and care practices, validation metrics cannot 

be aggregated across the studies at this time.

Only two studies used automated methods: one compared automated with traditional manual 

triggers [23] and another electronically screened discharge summary text [41]. These did not 

report proportion of errors that were diagnostic in nature. Bates et al. [46] described that 

many AEs could be detected by computer systems even with low levels of sophistication, 

but even in the two decades since publication, this has rarely been done or reported in 

research literature for AE detection that includes diagnostic error.
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Discussion

Criteria in outcomes framework and potential for automated detection

Five of the criteria used in much of the original work in AE detection can be associated with 

inpatient diagnostic error: death, cardiorespiratory arrest (or code), transfer to a higher level 

of care, long length of stay, and transfer to another hospital. Subsequent trigger tools added 

other indicators: calling multiple consults, change of physician in charge, changes in 

procedure, abrupt medication stop, and discordance between diagnosis and pathology result. 

We also included change of code status, intubation, and new dialysis as those with 

reasonable association with diagnostic error.

In current EHR systems, it may be possible to use multiple changes in active diagnoses as 

triggers for detecting diagnostic error, as we depict in our model. A change of organ system 

for a primary diagnosis, such as pancreatitis to myocardial infarction, for example, could be 

a reasonable trigger, as well as addition of or significant changes to secondary diagnoses. 

We also considered some indicators of diagnostic uncertainty may be useful, such as a 

symptom or finding-based primary diagnosis rather than a true diagnosis, and multiple 

diagnostic procedures at a certain point in hospitalization, similar to multiple consults. 

However, we did not find their use reported in either manual or automated methods.

None of these criteria is specific to diagnostic error, and many may be difficult to translate 

into an automated query. A delay in diagnosis or initiation of effective treatment, which are 

triggers in three studies [31, 32, 40], would need to be more explicitly defined to use in 

automated detection. One possible way to concretize the concept of treatment delay could be 

usage of a threshold number of hospital day for first surgery, similar to using thresholds for 

long length of stay, such as first major procedure on or after hospital day 3. We encountered 

this concept in the Complications Screening Program, [49] although it was only used for risk 

stratification and was not a trigger in itself, therefore not included in our table. A 2-day 

delay from admission to surgery, however, might also be a manifestation of delay in 

diagnosis, and may warrant further evaluation as a potential screen for diagnostic error.

Trigger tools can be used for both retrospective detection of errors, or real-time activation of 

some kind of intervention to prevent imminent or potential harm. Some criteria are by nature 

exclusively retrospective, such as a patient death, but others may indicate uncertainty or 

error, which in real time could possibly be used to trigger special attention to a particular 

clinical case. The studies we included focused on retrospective error detection, but some 

may have potential for real-time prevention of harm as well, such as multiple consultations 

or change in multiple medications, that could prompt additional attention to a particular 

case. We anticipate that new trigger criteria for both purposes could be developed in the 

future, and we would hope that the conceptual framework we developed on the 

manifestations of diagnostic error would provide a structure around which new criteria and 

formalized understanding of this area can be organized.

Identifying those triggers that will be the most useful for detecting diagnostic error will 

require much further study. Positive predictive values, if reported in studies as validation 

metrics, were for general error detection and not specific for diagnostic error. Eleven of 
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these studies reported proportions of errors that were diagnostic, but definitions of what 

constituted this type of error varied. Both Mills [8] and Soop [29] further sub-categorized 

wrong and delayed diagnoses while some studies grouped these two together; however, a 

few of the definitions may be more broad than generally used. The inclusion of failure to 

order tests or misinterpretation of results used in two studies [37, 38], and the grouping of 

diagnostic with treatment delay in another [36] demonstrates the variability in defining 

diagnostic error, but also illustrates some of the multiple ways it can manifest. For trigger 

criteria to be more useful, it would be necessary to establish a consensus on the definition of 

error. Such a consensus would allow comparison of the performance of different criteria 

across multiple settings.

Limitations

Our objective was to compile available trigger criteria reported in the literature that may be 

useful in development of screening tools to detect inpatient diagnostic error. As this was a 

difficult concept to clearly and exhaustively query in research databases, even our iterative 

approach in finalizing a search strategy gave us a rather low yield of articles for the number 

of original citations retrieved. While we had two reviewers screening citations, only one 

primarily did the extraction. We also only reviewed English language publications, and only 

research on adult medical patients. It is possible that these limitations may have resulted in 

missing a few more such screening criteria, although many of the studies we found repeated 

similar criteria and cited similar sources, causing us to conclude that our citation tracking 

was sufficient and a more extensive literature search was of low likelihood to yield many 

more new criteria. Additionally, our framework of outcomes was based on a small corpus of 

case reports; further validation with more cases is warranted.

Determining association of specific criteria with diagnostic error was also not 

straightforward. While it could be argued that any AE may have some component of 

diagnosis or assessment involved, we focused on criteria for which the primary measured 

item was potentially directly related to a diagnostic assessment. Both our conceptual 

framework and our compiled criteria are of a global or convergent picture of diagnostic 

error, rather than a comprehensive tool for detecting all possible diagnoses that could be 

missed or wrong.

Conclusions

Inpatient diagnostic errors may be more easily detected and studied using available 

“triggers” to facilitate chart review. We have identified several such criteria that could be 

used to develop automated screening tools for detection of diagnostic errors using available 

data within electronic health records. In addition, we developed a preliminary conceptual 

framework of outcomes to formalize the manifestations of inpatient diagnostic error that we 

hope will be helpful and expanded in the future with further study in this area. We identified 

some additional criteria that may also be useful, but have not been used in either manual or 

automated methods to date. Validation of these criteria is needed to identify those that will 

provide the most effective screen for inpatient diagnostic error.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article selection.
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Table 1

Framework of outcomes of inpatient diagnostic error.

Category of manifestations 
of error

Indicators of patient status Indicators of clinical 
assessment

Indicators of clinical management

Patient deterioration –Death*
– Cardiorespiratory arrest*

–Call code, rapid response or medical 
emergency team*
–Transfer to higher level of care*
–Unexpected emergent treatment (e.g. 
intubation, dialysis, procedure)*

Unexpected time course of 
illness

– Ongoing symptoms 
necessitating representation to 
healthcare system*

–Prolonged hospitalization*
–Shorter than expected length of stay
–Treatment extended beyond normal duration
–Readmission for related symptoms or 
condition*

Change of management plan 
(recognition of error)

–Change in primary dx
–Add, change, or 
remove secondary dx
–Discrepancy between 
reason for admission 
and subsequent primary 
dx

–Transfer to another hospital*
–Change in primary service (Change of 
physician in charge*)
–Abrupt starting or stopping multiple 
medications*
–Change in procedure dx or type*

Diagnostic uncertainty – Symptom or 
findingbased primary dx

–Multiple consultations*
–Multiple diagnostic procedures

Note that these categories are not meant to be mutually exclusive, in that any single case of diagnostic error can ultimately manifest in any number 
of these potential outcomes. Those marked with an asterisk (*) were those we found as screening criteria in our review.
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67

Y
es

: 1
1.

3%
 o

f 
A

E
s,

 
al

so
 s

ub
ca

te
go

ri
ze

d 
as

 w
ro

ng
 (

0.
8%

),
 

fa
ile

d 
or

 d
el

ay
ed

 
(7

.1
%
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 a

nd
 

in
co

m
pl

et
e 

di
ag

no
si

s 
(0

.4
%

),
 a

nd
 

di
ag

no
st

ic
 p

ro
ce

du
re

 
A

E
s 

(2
.9

%
)

Y
es

: S
n 

an
d 

PP
V

N
o

C
la

ss
en

 e
t a

l. 
[1

8]
20

08
55

 in
 6

 m
od

ul
es

D
ev

el
op

 G
T

T
 a

nd
 d

o 
pr

el
im

in
ar

y 
te

st
in

g,
 

ca
lc

ul
at

e 
ka

pp
as

 
be

tw
ee

n 
re

vi
ew

er
s

Sa
m

pl
e 

re
co

rd
s 

fr
om

 
st

an
da

rd
iz

ed
 tr

ai
ni

ng
 s

ys
te

m
s 

fr
om

 M
id

w
es

te
rn

 U
ni

te
d 

St
at

es

15
 tr

ai
n+

50
 te

st
N

o:
 o

nl
y 

de
te

rm
in

at
io

n 
of

 
se

ve
ri

ty

N
o

N
o

K
ob

ay
as

hi
 e

t 
al

. [
30

]
20

08
18

D
et

er
m

in
e 

if
 r

ec
or

d 
re

vi
ew

 is
 a
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al

id
 m

ea
ns

 
of

 d
et

ec
tin

g 
A

E
s 
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ac
ci

de
nt

 r
ep

or
ts

R
an

do
m

 1
00

 c
as

es
+

10
0 

ac
ci

de
nt

 
re

po
rt

s,
 in

 2
00

2:
 o

ne
 h

os
pi

ta
l i

n 
Ja

pa
n

20
0

N
o:

 n
o 

fo
rm

al
 

ca
te

go
ri

za
tio

n 
of

 a
ll 

A
E

s 
de

te
ct

ed

N
o

N
o

M
itc

he
ll 

et
 a

l. 
[3

1]
20

08
7 

fl
ag

s,
 1

7 
ot

he
r 

tr
ig

ge
rs

A
ss

es
si

ng
 

im
pl

em
en

ta
tio

n 
of

 a
 

C
lin

ic
al

 R
ev

ie
w

 
C

om
m

itt
ee

 f
or

 h
os

pi
ta

l 
go

ve
rn

an
ce

A
ll 

re
co

rd
s,

 S
ep

te
m

be
r 

1 
20

02
–

Ju
ne

 3
0 

20
06

: C
an

be
rr

a 
H

os
pi

ta
l, 

A
us

tr
al

ia

59
25

N
o:

 c
at

eg
or

iz
ed

 b
y 

se
ve

ri
ty

 a
nd
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so
ci

at
ed

 c
ar

e 
sy

st
em

s

N
o

N
o

W
ill
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m
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et
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l. 

[3
2]

20
08
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D

et
er

m
in

e 
ra

te
 a

nd
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tu

re
 o

f 
in

pa
tie

nt
 A

E
s 

(m
ed

ic
al

, s
ur

gi
ca

l, 
ob

st
et

ri
c 

un
its

)

15
0 

co
ns

ec
ut

iv
e 

ad
m

is
si

on
s 

>
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h 

pe
r 

un
it 

(m
ed

ic
al

 a
nd

 s
ur

gi
ca

l 
un

its
 o

f 
1 

ho
sp

ita
l a

nd
 o

bs
te

tr
ic

 
ad

m
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si
on

s 
at

 m
at

er
ni

ty
 h

os
pi

ta
l)

, 
1 

m
on

th
 s

ta
rt

in
g 

Ju
ly

 1
 2
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4:

 
A

be
rd

ee
n,

 S
co

tla
nd

35
4

N
o:

 c
at

eg
or

iz
ed

 b
y 

se
ve

ri
ty
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ci
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 c
ar

e 
pr
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N
o
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o

Sa
ri

 e
t a

l. 
[3
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20
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D
et
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e 
an

d 
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f 

A
E
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ua

te
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ie

w
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R
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m
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e 
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 a

dm
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si
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s,
 

Ja
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ar
y–

M
ay
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4:
 o

ne
 la

rg
e 

ho
sp

ita
l i

n 
E

ng
la

nd

10
06

Y
es

: 5
.1

%
 o

f 
A

E
s

Y
es

: O
R

s 
an

d 
ka

pp
a 

ag
re

em
en

t
N

o

Diagnosis (Berl). Author manuscript; available in PMC 2015 June 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shenvi and El-Kareh Page 17

F
ir

st
 a

ut
ho

r
Y

ea
r

N
um

be
r 

of
 c
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ra
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s 
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d

D
et
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di
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st
ic

 e
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ed

?

V
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id
at
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n 
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A

ut
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at
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?
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l. 
[3

4]
20
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D
es

ig
n 
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y 
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e 
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A
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s 
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D
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s 
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d 
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, i
n 

20
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1 
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e 

N
et
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an
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84
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N
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 c
la

ss
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io
n 
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n 
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y 
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f 

m
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t 
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at
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n

N
o

N
o

R
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 e

t a
l. 

[3
5]

20
06
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Id

en
tif

y 
A

E
s 
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in
te

ns
iv

e 
ca

re
 u

ni
ts

10
 c

ha
rt

s 
pe

r 
m

on
th

, 8
0–

50
0 

pe
r 

or
ga

ni
za

tio
n,

 in
 2

00
1–

20
04

: 6
2 

IC
U

s 
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 5
4 

ho
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ita
ls
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 I
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ut
e 
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r 

H
ea

lth
ca

re
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m
pr

ov
em

en
t 
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bo
ra

tiv
e

12
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N
o:

 c
la

ss
if

ic
at

io
n 

on
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 b
y 

se
ve

ri
ty

Y
es

: P
PV

s 
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r 
6 
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 th

e 
23

N
o

H
er

re
ra

-
K

ie
ng

el
he

r 
et

 
al

. [
36

]

20
05

15
E

st
im

at
e 

th
e 

fr
eq

ue
nc

y 
of

 s
ev

er
e 

A
E

s 
in

 
ho

sp
ita

l s
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 a
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at
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ir
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y 

di
se
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e

A
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s 

fr
om
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20
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: o
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ho
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l d
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to
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di
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 M

ex
ic

o 
C

ity
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ex
ic

o
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Y
es

: “
de

la
ye

d 
di

ag
no

si
s 

an
d/

or
 

tr
ea

tm
en

t,”
 4

1/
41

5 
A

E
s 

(9
.8

%
)

Y
es

: P
PV

N
o

B
ak

er
 e

t a
l. 

[1
6]

20
04

18
D

et
er

m
in

e 
th

e 
in

ci
de

nc
e 

of
 A

E
s 
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 C

an
ad

a
R

an
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m
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pl

e 
of

 c
ha

rt
s,
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20
00

: 4
 h

os
pi

ta
ls

 in
 e

ac
h 
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 5

 
pr

ov
in

ce
s 

in
 C

an
ad

a

37
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Y
es

: 3
8/

36
0 

A
E

s 
(1

0.
6%

),
 d

is
cu

ss
ed

 a
s 

“f
ai

lu
re

 to
 c

ar
ry

 o
ut

 
ne

ce
ss

ar
y 

di
ag

no
si

s”

N
o

N
o

B
ra

ith
w
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te

 e
t 

al
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37
]

20
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1
D

et
er

m
in

e 
if

 m
ed

ic
al
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er
ge

nc
y 

te
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ac

tiv
at

io
n 
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oo
d 

in
di

ca
to

r 
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 e
rr

or

A
ll 

em
er

ge
nc

y 
re

sp
on

se
 te

am
 

ac
tiv

at
io

ns
, M

ay
–D

ec
em

be
r 

20
08

: 3
 c

on
ne

ct
ed

 h
os

pi
ta

ls
 a

t 
U

ni
ve

rs
ity

 o
f 

Pi
tts

bu
rg

h,
 

Pe
nn

sy
lv

an
ia

36
4

Y
es

: 6
7.

5%
 o

f 
A

E
s 

(e
rr

or
s 

th
at

 r
es

ul
te

d 
fr

om
 im

pr
op

er
 o

r 
de

la
ye

d 
di

ag
no

si
s,

 
fa

ilu
re

 to
 e

m
pl

oy
 

in
di

ca
te

d 
te

st
s,

 o
r 

fa
ilu

re
 to

 a
ct

 o
n 

th
e 

re
su

lts
 o

f 
m

on
ito

ri
ng

 
or

 te
st

in
g)

Y
es

N
o

Fo
rs

te
r 

et
 a

l. 
[3

8]
20

04
16

A
ss

es
s 

tim
in

g 
w

ith
in

 
ho

sp
ita

liz
at

io
n 

of
 A

E
s

R
an

do
m

 5
02

 a
dm

is
si

on
s 

ov
er

 1
 

ye
ar

 (
ex

ac
t y

ea
r 

N
/A

):
 O

tta
w

a 
H

os
pi

ta
l, 

O
tta

w
a,

 C
an

ad
a

50
2

Y
es

: 9
%

 o
f 

A
E

s 
(a

n 
in

di
ca

te
d 

te
st

 w
as

 n
ot

 
or

de
re

d 
or

 a
 

si
gn

if
ic

an
t t

es
t r

es
ul

t 
w

as
 m

is
in

te
rp

re
te

d)

N
o

N
o

M
ic

he
l e

t a
l. 

[3
9]

20
04

17
C

om
pa

re
 p

ro
sp

ec
tiv

e,
 

cr
os

s 
se

ct
io

na
l, 

an
d 

re
tr

os
pe

ct
iv

e 
m

et
ho

ds
 

of
 d

et
ec

tin
g 

A
E

s

(T
im

in
g 

N
/A

) 
37

 w
ar

ds
 in

 3
 

pu
bl

ic
 a

nd
 4

 p
ri

va
te

 h
os

pi
ta

ls
 in

 
A

qu
ita

in
e,

 F
ra

nc
e

77
8

N
o:

 c
at

eg
or

iz
ed

 o
nl

y 
by

 p
re

ve
nt

ab
ili

ty
N

o
N

o

C
ha

pm
an

 e
t a

l. 
[4

0]
20

03
14

+
op

tio
na

l 1
D

et
er

m
in

e 
fe

as
ib

ili
ty

 o
f 

re
vi

ew
in

g 
ca

se
 r

ec
or

ds
 

to
 id

en
tif

y 
cr

iti
ca

l 
in

ci
de

nt
s 

in
 ‘

re
al

 ti
m

e’

C
on

se
cu

tiv
e 

pa
tie

nt
s 

ov
er

 2
w

ee
ks

 
(e

xa
ct

 ti
m

in
g 

N
/A

):
 3

w
ar

ds
 in

 
on

e 
ho

sp
ita

l i
n 

L
on

do
n,

 U
ni

te
d 

K
in

gd
om

76
N

o:
 n

o 
ca

te
go

ri
za

tio
n 

of
 A

E
s 

gi
ve

n
N

o
N

o

M
ur

ff
 e

t a
l. 

[4
1]

20
03

11
 c

on
ce

pt
s,

 9
5 

tr
ig

ge
r 

w
or

ds
D

et
er

m
in

e 
if

 e
le

ct
ro

ni
c 

sc
re

en
in

g 
of

 d
is

ch
ar

ge
 

su
m

m
ar

ie
s 

ca
n 

de
te

ct
 

A
E

s

R
an

do
m

 a
dm

is
si

on
s,

 J
an

ua
ry

 1
–

Ju
ne

 3
0 

20
00

: B
ri

gh
am

 a
nd

 
W

om
en

's
 H

os
pi

ta
l, 

B
os

to
n,

 
M

as
sa

ch
us

et
ts

83
7

Y
es

: 7
.4

%
 o

f 
A

E
s

Y
es

: P
PV

s 
of

 tr
ig

ge
r 

w
or

ds
ye

s
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F
ir

st
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ut
ho

r
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ea
r
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be
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 c

ri
te

ri
a

St
ud
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in

te
nt

R
ec

or
d 

se
le

ct
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n,
 t

im
in

g,
 a

nd
 

ge
og

ra
ph

ic
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et
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ng
N

um
be

r 
of

 
re
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rd

s 
ap

pl
ie

d

D
et

ec
ti

on
 o

f 
di

ag
no

st
ic

 e
rr

or
 

re
po

rt
ed

?

V
al

id
at

io
n 

m
et

ri
cs

?
A

ut
om

at
ed

?

W
ol

ff
 e

t a
l.a 

[4
2]

20
01

8
D

et
er

m
in

e 
if

 a
 r

is
k 

m
an

ag
em

en
t p

ro
gr

am
 o

f 
de

te
ct

in
g 

an
d 

ac
tin

g 
on

 
A

E
s 

ca
n 

re
du

ce
 th

e 
ra

te
 

of
 h

ar
m

A
ll 

ad
m

is
si

on
s,

 J
ul

y 
19

91
–

Se
pt

em
be

r 
19

99
: o

ne
 r

ur
al

 
ho

sp
ita

l i
n 

W
im

m
er

a 
re

gi
on

 o
f 

V
ic

to
ri

a,
 A

us
tr

al
ia

49
,8

34
N

o:
 c

at
eg

or
iz

ed
 b

y 
lik

el
ih

oo
d 

an
d 

co
ns

eq
ue

nc
e 

(s
ev

er
ity

)

N
o

N
o

T
ho

m
as

 e
t a

l. 
[4

3]
20

00
18

D
et

er
m

in
e 

in
ci

de
nc

e 
an

d 
ty

pe
s 

of
 A

E
s 

in
 

U
ta

h 
an

d 
C

ol
or

ad
o,

 to
 

as
se

ss
 g

en
er

al
iz

ab
ili

ty
 

of
 f

in
di

ng
s 

of
 o

th
er

 
st

ud
ie

s

R
an

do
m

 n
on

-p
sy

ch
ia

tr
ic

 
di

sc
ha

rg
es

, i
n 

19
92

: s
am

pl
e 

of
 

ho
sp

ita
ls

 in
 U

ta
h 

an
d 

C
ol

or
ad

o

15
,0

00
Y

es
: i

nc
or

re
ct

 o
r 

de
la

ye
d 

di
ag

no
si

s,
 

6.
9%

 o
f 

A
E

s

N
o

N
o

W
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on
 e

t a
l. 

[1
3]
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E

st
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at
e 

pa
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nt
 in
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in

 A
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tr
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n 

ho
sp
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R
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m
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is
si

on
s,
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 1
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2:
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8 
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ita
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 in
 N

ew
 S

ou
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 W
al
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an
d 

So
ut

h 
A

us
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al
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14
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79
Y
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: 1
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 o
f 

A
E
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D
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in
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s 
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E
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 d
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at
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tiv
e 

ad
m

is
si
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 c
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R
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ra
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ie
w

 to
 

th
os

e 
po

si
tiv

e 
fo

r 
8 

sc
re

en
in

g 
cr

ite
ri

a

A
ll 

di
sc

ha
rg

es
, J

ul
y 

1 
19

91
–J

un
e 

30
 1

99
2:

 W
im

m
er

a 
B

as
e 

H
os

pi
ta

l i
n 

H
or

sh
am

, V
ic

to
ri

a,
 

A
us

tr
al

ia

51
15

N
o:

 o
nl

y 
as

se
ss

ed
 

ca
us

at
io

n 
an

d 
se

ve
ri

ty
Y

es
: P

PV
N

o

B
at

es
 e

t a
l. 

[4
6]

19
94

13
E

va
lu

at
e 

ab
ili

ty
 o

f 
co
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 m
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