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Methods

Performance Characteristics of
a Methodology to Quantify
Adverse Events over Time in
Hospitalized Patients

Paul J. Sharek, Gareth Parry, Donald Goldmann, Kate Bones,
Andrew Hackbarth, Roger Resay, Frances A. Griffin, Dale Rhoda,
Cathy Murphy, and Christopher P Landrigan

Objective. To assess the performance characteristics of the Institute for Healthcare
Improvement Global Trigger Tool (GTT) to determine its reliability for tracking local
and national adverse event rates.

Data Sources. Primary data from 2008 chart reviews.

Study Design. A retrospective study in a stratified random sample of 10 North Car-
olina hospitals. Hospital-based (internal) and contract research organization—hired
(external) reviewers used the GTT to identify adverse events in the same 10 randomly
selected medical records per hospital in each quarter from January 2002 through
December 2007.

Data Collection/Extraction. Interrater and intrarater reliability was assessed using x
statistics on 10 percent and 5 percent, respectively, of selected medical records. Ad-
ditionally, experienced GTT users reviewed 10 percent of records to calculate internal
and external teams’ sensitivity and specificity.

Principal Findings. Eighty-eight to 98 percent of the targeted 2,400 medical records
were reviewed. The reliability of the GTT to detect the presence, number, and severity
of adverse events varied from x =0.40 to 0.60. When compared with a team of
experienced reviewers, the internal teams’ sensitivity (49 percent) and specificity
(94 percent) exceeded the external teams’ (34 and 93 percent), as did their performance
on all other metrics.

Conclusions. The high specificity, moderate sensitivity, and favorable interrater and
intrarater reliability of the GTT make it appropriate for tracking local and national
adverse event rates. The strong performance of hospital-based reviewers supports their
use in future studies.
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Despite extensive documentation of risk to hospitalized patients (Kohn, Co-
rrigan, and Donaldson 2000; Leape and Berwick 2005; Joint Commission on
the Accreditation of Healthcare Organizations 2009; Ornstein 2007) and sub-
stantial efforts to improve in-hospital patient safety (Milstein et al. 2000; Ber-
wick et al. 2006; Catalano 2006; McCannon, Hackbarth, and Griffin 2007,
Vemula, Robyn Assaf, and Al-Assaf 2007; Jha et al. 2008), progress in this area
has been slow (Leape and Berwick 2005; Vincent et al. 2008). Indeed, recent
studies suggest that adverse events due to hospital care remain common
(Rozich, Haraden, and Resar 2003; Resar et al. 2006; Sharek et al. 2006; Griffin
and Classen 2008; Takata et al. 2008). Assessment of the impact of large-scale
patient safety initiatives requires generally accepted, rigorous, standardized,
and practical measures of adverse events (Leape and Berwick 2005; Vincent
etal. 2008). Such measures are also necessary for individual hospitals to assess
their own adverse event rates, as well as the results of their improvement efforts.

A number of approaches to measuring adverse event rates have been
used historically, including voluntary reports (“incident reports”), mining of
administrative databases, and the two-stage review process used in the Har-
vard Medical Practice Study (Brennan, Localio, and Laird 1989; Brennan et al.
1991; Thomas et al. 2002; Sharek and Classen 2006). Each of these methods
has limitations. The “trigger tool” approach to measuring adverse event rates,
by guiding chart reviewers to specific times and events during a patient’s
hospitalization more likely to contain an adverse event, appears to provide a
more efficient and focused variation on retrospective chart reviews and may
overcome many of these limitations (Rozich, Haraden, and Resar 2003;
Resar et al. 2006; Sharek and Classen 2006; Sharek et al. 2006; Griffin and
Classen 2008; Takata et al. 2008; Office of the Inspector General March 2010).

Address correspondence to Paul J. Sharek, M.D., M.P.H., Division of General Pediatrics, De-
partment of Pediatrics, Lucile Packard Children’s Hospital and Stanford University School of
Medicine, 700 Welch Rd., Suite #227, Palo Alto, CA 94304; e-mail: psharek@Ipch.org. Gareth
Parry, M.Sc., Ph.D., is with the Institute for Healthcare Improvement, Department of Pediatrics,
Harvard Medical School, Cambridge, MA. Donald Goldmann, M.D., is with the Institute for
Healthcare Improvement, Department of Pediatrics, Harvard Medical School, Divisions of Im-
munology, Infectious Diseases, and Epidemiology, Harvard School of Public Health, Cambridge,
MA. Kate Bones, Roger Resar, M.D., and Frances A. Griffin, R R.T., M.P.A., are with the Institute
for Healthcare Improvement, Cambridge, MA. Andrew Hackbarth, is with the Pardee RAND
Graduate School, RAND Corporation, Santa Monica CA. Dale Rhoda, M.A.S., M.S., M.P.P., and
Cathy Murphy, are with the Centers for Public Health Research and Evaluation, Battelle Me-
morial Institute, Durham NC. Christopher P. Landrigan, M.D., M.P.H., is with the Departments of
Medicine, Brigham and Women’s Hospital and Children’s Hospital Boston, Harvard Medical
School, Boston, MA.


mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org
mailto:psharek@lpch.org

656 HSR: Health Services Research 46:2 (April 20717)

Abnormal laboratory results, prescriptions for antidote medications, and other
medical record-based “hints” can all serve to “trigger” the suggestion that an
adverse event might have occurred, and that a more thorough review of the
medical record is indicated. The Institute for Healthcare Improvement’s
(IHDs) Global Trigger Tool (GTT) is a single, comprehensive, operational-
ized, and well-described tool (Table 1; Griffin and Resar 2007) currently used
by a number of hospitals in the United States and abroad (Classen et al. 2008)
for executive and medical leadership to determine the level of safety in their
organization and if improvement has occurred over time. We have performed
the current study to provide further data on the performance characteristics,
practicality, and generalizability of the GTT to evaluate its potential for track-
ing adverse events rates at institutional, as well as regional and national levels.
This study adds to the present trigger tool literature by tracking adverse events
over a 6-year time span, involving a large random sample of eligible patients
hospitalized in North Carolina, and comparing hospital-based versus exter-
nally hired chart review teams.

The current report presents the results of a study of the GTT in a rep-
resentative stratified random sample of 10 hospitals in North Carolina. This
study had two principal aims: (1) to determine the performance characteristics
(including reliability, sensitivity, and specificity) of the GTT and (2) to com-
pare the medical record abstraction performance of internal hospital-selected
reviewers with similarly trained external reviewers selected and supervised by
a contract research organization (CRO).

METHODS

To determine the performance characteristics of the GTT, we conducted a
retrospective chart review study in 10 stratified, randomly selected hospitals in
North Carolina. A CRO (Battelle Centers for Public Health Research and
Evaluation, Durham, NC, U.S.A.) was contracted to oversee most study lo-
gistics, including hiring and supervising the external reviewers, providing da-
tabase and analytical support, managing all study-related data, and producing
the initial analyses. Institutional review board (IRB) approval was obtained for
the entire study using the IRB infrastructure at Battelle, and locally by par-
ticipating hospitals.

An independent scientific advisory group (SAG) discussed, reviewed,
and recommended the study methodology and protocol before study initi-
ation, and adjudicated protocol modifications during the study. The SAG
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included patient safety experts, health services researchers, statisticians, care-
givers, and health care administrators.

Participants

Hospitals were eligible if they were identified in the American Hospital As-
sociation (AHA) database (AHA Hospital Survey 2004) as an acute care hos-
pital in North Carolina caring for adult inpatients. We limited the potential
sample pool to North Carolina hospitals to reduce project travel costs and
logistical complexity. Hospitals caring exclusively for pediatric, rehabilitation,
psychiatric, or nonacute patients were excluded. Of the 167 North Carolina
hospitals in the starting pool, 14 were ultimately removed: 11 because of
missing data and 3 because the facility had closed. Based on current Health-
care Cost and Utilization Project (HCUP) National Inpatient Sample (NIS)
definitions (Agency for Healthcare Research and Quality 2009), all remaining
hospitals in the sample pool were assigned to one of nine categories based on
teaching/urban/rural status (“rural,” “urban nonteaching,” “urban teaching”)
and bed size (“small,” “medium,” “large”). Using the 2000 NIS dataset, the
shares of total national discharges associated with each of these nine categories
were calculated (e.g., 26 percent of national discharges that year occurred in
large urban nonteaching hospitals) and the appropriate number of sample
hospitals from each category, rounded as necessary, were randomly selected.
Same category replacements were preselected randomly as well. The chief
executive officers of these selected hospitals were notified first by the North
Carolina Hospital Association, followed by a letter and conference call from
the study investigators and members of the North Carolina Center for Hos-
pital Quality and Patient Safety, and asked to participate. Once committed,
each hospital was provided a U.S.$10,000 stipend to support its involvement.
If a hospital declined participation, another hospital from the appropriate
stratum was randomly selected and the recruitment process was reinitiated as
described above.

Patients retrospective records were eligible for selection if they were admit-
ted for a minimum of 24 hours to one of the selected hospitals and discharged
between January 1, 2002 and December 31, 2007. Patients were excluded if
they were <18 years of age on admission or admitted with the primary di-
agnosis related to psychiatric illness or rehabilitation. Ten eligible patients were
randomly selected for each calendar year quarter from each of the 10 partic-
ipating hospitals, providing a total of 240 charts per hospital or 2,400 total
charts over the 6-year study time frame. An intentional 20 percent random
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oversampling provided two extra charts per quarter eligible for review if any of
the 10 identified charts were not available. Random study identification num-
bers were assigned to each chart selected, and neither names nor medical
record numbers were abstracted to ensure patient confidentiality.

Reviewers. On committing to participate, each hospital identified between
two and four primary and exactly two physician reviewers from its staff who
were interested in participating as “internal reviewers.” Primary reviewers
were nonphysician clinical personnel (nurses or clinical pharmacists) with
experience reviewing patient records at their institution. They were required
to have sufficient clinical experience to navigate the record quickly,
understand the trigger definitions, and link the triggers to potential adverse
events. Physician reviewers were actively practicing clinical medicine and
were recruited primarily from the target group of chief patient safety officers,
medical directors of quality, or the physicians overseeing peer review. Eight
primary and two physician reviewers, with similar characteristics though
unaffiliated with the 10 selected hospitals, were hired independently as
“external reviewers” by the CRO. Finally, four primary and two physician
reviewers comprised the “experienced reviewers.”

Training

In accordance with GTT methods (Griffin and Resar 2007), training of all
primary and physician reviewers for both internal and external review teams
included the following:

1. Orientation: Reviewers read the IHI GTT white paper (Griffin and
Resar 2007) and participated in a 1-hour web-based review with THI
faculty with extensive experience using the GTT (F. G., R. R.).

2. Review of standardized set of training medical records: Nonphysician re-
viewers then reviewed 10 sample Health Insurance Portability and
Accountability Act (HIPAA)-compliant training patient records (de-
signed to cover a broad range of triggers and adverse events), as
described below. Physician reviewers reviewed a random selection of
5 of the 10 training patient records. Reviewers documented the trig-
gers and adverse events identified in each training record and graded
the severity of each adverse event. Each trainee then participated in a
1-hour web-based training session with IHI faculty (F. G., R. R.) to
debrief the results of their record reviews, focusing on the cause and
remediation of errors in trigger and adverse event identification and
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classification. Faculty answered questions related to the record review
process and reviewed frequently asked questions from previous
training sessions.

3. Review of site-specific hospital medical records: Internal review teams then
reviewed 10 inpatient records from their own organizations. Non-
physician reviewers conducted the initial primary record review
looking through the chart for the occurrence of any of the triggers
listed on the GTT to guide them to potential adverse events. Sus-
pected adverse events, either associated with a trigger or identified by
other means, were then reported to their physician reviewers for
physician review. External review teams conducted a similar review
on 10 patient records from the first hospital to which they were
assigned. All trainees, internal and external, participated in a final
1-hour conference call to review the findings from these individual
hospital record reviews.

In addition to the GTT training process, training on the web application
and data collection instruments was conducted by the CRO via a webinar.

Data Collection

External and internal review teams performed a two-stage review of the same
2,400 patient records: One nonphysician reviewer conducted a primary re-
view (Stage 1), and if this primary reviewer suspected an adverse event, then
two physician reviewers independently performed the secondary, definitive
review (Stage 2, Figure 1). Based on previous experience using the GTT, each
chart was estimated to require approximately 20 minutes for primary review,
beyond which few additional triggers and adverse events would be detected.
Accordingly, the protocol specified that primary reviewers would not spend
more than 20 minutes reviewing any individual medical record. The depth of
electronic medical record penetration varied across the 10 study sites; elec-
tronic and paper records were reviewed using the same standard methodology
across all sites.

Stage 1. In Stage 1, the primary reviewer (external and internal teams)
reviewed the chart in the following order:

1. Coding summary (looking for e-codes and obvious events)
2. Discharge summary
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Figure 1: Description and Number of Medical Record Reviews, by Reviewer
Type (AE, Adverse Event)

‘ 2400 charts randomly selected ’

from 10 hospitals between 2002 and 2007
v
Internal Primary Reviewer External Primary Reviewer Experienced Reviewer
2341 charts 2374 charts 202 charts
AE suspected AE suspected
No AE suspected 866 harms in No AE suspected 537 AEs in
1745 charts 596 charts 1912 charts 462 charts

Internal MD1 | Internal MD2 External MD1 | External MD2

MD consensus: MD consensus:
588 AEs in 429 AEs in
423 charts 368 charts

=

|

v v

Experienced MD
consensus:
74 AEs in
61 charts

49 AEs in 32 AEs in

MD consensus: MD consensus:
31 charts

38 charts

Lab results

Medication administration record
Orders

Radiology reports

Procedure notes
Nursing/multidisciplinary notes

© N W

For each record reviewed, the primary reviewer completed an electronic
“chart review” form on a secure encrypted website. This form was used to
record demographic information on the patient and initial information on any
triggers or adverse events identified. For each “suspected” adverse event
identified, the primary reviewer completed an “adverse event” electronic
form, including study ID, patient demographic data, adverse event date, hos-
pital location where the adverse event occurred (including before admission),
primary hospital service when the adverse event occurred, free text descrip-
tion of the adverse event, determination whether the adverse event was iden-
tified by a GTT trigger, severity level of the adverse event, immediate
response to the adverse event, category of the adverse event, and a specific
adverse event code.
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Stage 2. In Stage 2 (external and internal review teams), each suspected
adverse event was presented verbally by the primary reviewer to the two
physician reviewers. Each physician reviewer then independently completed
a “physician reviewer classification form.” Components of this form included
the following: determination (yes/no) of whether each individual suspected
adverse event was an actual adverse event, determination of the total number
of adverse events based on the sum of all physician confirmed adverse events,
adverse event severity level (level E-I, Table 2), and adverse event
preventability assessment (definitely preventable, probably preventable,
probably not preventable, and definitely not preventable). The determination
of preventability was subjective, consistent with previous studies using the
implicit review methods of the trigger tool process (Sharek et al. 2006; Takata
et al. 2008). After independent physician review of each event, the two
physician reviewers reached consensus for each of the listed adverse events.
One of the two physician reviewers then completed the second half of the
“physician reviewer classification form,” listing final consensus regarding
adverse event, severity level, and preventability.

Assessing the Quality of Documentation. In each study hospital, the quality of
documentation was assessed for one randomly selected record from each
quarter (10 percent sample; 240 records total) by the primary reviewer from
the external review team. The quality of documentation within the entire

M

medical record was measured by a subjective rating of “available,” “not
available,” or “not applicable” for each of the following components: (1)

initial medical assessment, (2) medical progress notes, (3) nursing progress

Table2: Severity Categories of Adverse Events Based on the System Used
for Classifying Medication Errors by the National Coordinating Council for
Medication Error Reporting and Prevention (National Coordinating Council
for Medication Error Reporting and Prevention 2001)

Category E: contributed to or resulted in temporary harm to the patient and required
intervention

Category F: contributed to or resulted in temporary harm to the patient and required initial
or prolonged hospitalization

Category G: contributed to or resulted in permanent patient harm

Category H: required intervention to sustain life

Category I: contributed to or resulted in the patient’s death
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notes, (4) procedure documentation, (5) pathology reports, (6) discharge
summary, and (7) “other” (representing any other critical documentation not
listed above identified by the reviewer). The summary score of “percent of
charts with zero required components missing” was then determined.
Similarly a summary score of percent of charts with 1, 2, 3, 4, 5, 6, or 7
required components missing was calculated.

PERFORMANCE CHARACTERISTICS

To assess the reliability of the GTT, we compared levels of agreement between
several individuals and groups. Our chart review was completed in the
following way:

e Two types of individual reviewers (primary nonphysician screeners,
physicians)

e Organized into teams (one primary screener with two physician
reviewers)

e With three different team types (internal, external, and experienced)
We identified levels of agreement by calculating the following xs:

o Between individual reviewers within each team
e Between teams of the same team type

e Between teams of different team types

Interrater reliability (between individual reviewers within each team): To ex-
amine interrater reliability between the individual reviewers within each team,
agreement between the following reviewer types was assessed with « statistics
using the same 24 randomly selected charts: (1) physician reviewers versus
primary reviewers for adverse event severity and (2) physician reviewer #1
versus #2 regarding “any adverse event occurred,” “total number of adverse
” “adverse event severity,” and “preventability” (definitely prevent-
able, probably preventable, probably not preventable, and definitely not pre-
ventable).

Interrater reliability (between teams of the same type): Similarly, for both the
internal and external team types, we assessed agreement of the initial review
with a second full review by a distinct team of the same type (an indepen-

events,

dent external team for external team reviews, and an independent internal
team for internal team reviews). This comparison was carried out on a random
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selection of 10 percent (24 charts) of each hospital’s 240 selected records. The
same 24 charts were used for both the external and internal review teams.
Agreement between teams of the same type in detecting adverse events was
measured using « statistics (Landis and Koch 1977).

Reliability between teams of different types: Comparisons for number of
adverse events suspected, number of adverse events confirmed, and consen-
sus adverse event severity were evaluated between teams of different types
(external and internal) using « statistics (Landis and Koch 1977).

Comparison of external and internal review teams to an experienced review team:
Primary reviewers and physician reviewers experienced and skilled in the use
of the GTT served as a third review team for further evaluating the reliability
of the external and internal review processes. For that purpose, one of four
experienced primary reviewers (F. G., N. K, M. M., and D. R.) and two
experienced physician reviewers (R. R., L. A.) reviewed a 10-percent random
sample (n = 24) of study records in each hospital adhering to the same meth-
ods used by the internal and external review teams. Specifically, an experi-
enced primary reviewer reviewed all charts using the GTT for potential
adverse events and then presented these potential adverse events to the ex-
perienced physician reviewers who confirmed or rejected each adverse event.
Sensitivity and specificity were determined based on the outcome of “patient
with 1 or more adverse events” for both internal and external review teams
using their first review of those specific charts as compared with the expe-
rienced review team.

Intrarater reliability (between primary reviewers): Finally, to examine the
reliability of individual reviewers over time, we assessed agreement at the level
of the primary reviewers by conducting a rereview of the first 5 percent of
medical records (12 records) at each site. The original primary reviewer (in-
ternal and external) of the selected charts rereviewed each selected chart and
extracted all relevant information in the same manner as previously. x sta-
tistics (Landis and Koch 1977) were used to assess the levels of agreement
between the first review and the rereview with regard to total number of
adverse events.

Statistical Methods

Power. With two groups of reviewers, internal and external, each reviewing
2,400 charts, and an anticipated rate of 40 adverse events per 100 admissions
based on data previously obtained using the GTT (McCannon, Hackbarth,
and Griffin 2007), we anticipated 89 percent power to detect a 10 percent



666 HSR: Health Services Research 46:2 (April 20717)

difference in rates of adverse events detected between the two reviewer
groups with a .05 significance level. A random sample of 240 (10 percent) of
the 2,400 charts was also reviewed by the experienced review team. This was
anticipated to provide 80 percent power to detect a 33 percent difference in
rates of adverse events detected between the internal and external reviewers
and the experienced review team with a .05 significance level.

Kappas (ic). Simple ks, and when considering multiple categories weighted xs
(using Fleiss—Cohen x weights; Fleiss and Cohen 1973), with 95 percent
confidence intervals (Cls) were calculated using SAS software (SAS Institute,

Inc., Cary, NC).

RESULTS
Participants

Hospitals. Based on AHA descriptors, our stratified random sample of 10
hospitals had the following characteristics: medium rural nonteaching (1), large
rural nonteaching (1), medium urban nonteaching (1), large urban nonteaching
(3), small urban nonteaching (1), and large urban teaching (3). Of the ten
hospitals initially contacted, three declined to participate due to resource
constraints, and one declined for unspecified reasons. Although not ideal, a 60
percent participation rate is reasonable given the demands on participating
institutions and their internal reviewers to meet the requirements of this
comprehensive study. Replacement hospitals were then contacted to fill those
slots, with all four replacement hospitals agreeing to participate.

Patients. The total number of reviews included the following: (1) 2,400 total
medical charts for review, (2) 240 charts for interrater reviews, and (3) 120
charts for intrarater reviews. The actual reviews completed for each of the
relevant categories were 2,341, 212, and 108 for the internal review teams,
and 2,374, 217, and 117 for the external review teams, respectively. Of the
240 targeted experienced review team charts, 202 were completed. Thus, in
total, 98 percent of targeted primary chart reviews, 89 percent of interrater
reliability reviews, 94 percent of intrarater reliability reviews, and 88 percent
of experienced review team reviews were completed. Demographic
characteristics of the study patients are described in Table 3.

Training. All primary and physician reviewers involved in the study
completed the GTT training.
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Table 3: Patient Characteristics by External and Internal Review Teams

Internal Total Number (%)

External Total Number (%)

Gender

Male 857 (37) 874 (37)

Female 1,484 (63) 1,500 (63)
Age

65+ 1,008 (43) 1,037 (44)

<65 1,333 (57) 1,337 (56)
Race

Black 445 (19) 454 (19)

White 1,631 (70) 1,692 (71)

Other and unknown 265 (11) 228 (10)
Length of stay (days)

1 262 (11) 971 (11)

2-7 1,743 (74) 1,777 (75)

8-14 237 (10) 242 (10)

15+ 99 (4) 84 (4)
Admitted to an intensive care unit

Yes 96 (4) 49 (2)

No 2,245 (96) 2,325 (98)
Surgery

Yes 466 (20) 454 (19)

No 1,875 (80) 1,920 (81)
Obstetrics/ Gynecology

Yes 341 (15) 312 (13)

No 2,000 (85) 2,062 (87)
Insurance

Private 1,169 (50) 1,282 (54)

Public 968 (41) 885 (37)

All others 204 (9) 207 (9)
Total 2,341 2,374
Intervention

Quality of Documentation. Of the 240 charts randomly selected, the external
primary reviewers scored 87 percent as having no missing relevant
documentation. An additional 9.2 percent of charts were scored as missing
only one component, and 3.4 percent were missing two components. Only
one chart (0.4 percent) was rated as missing more than two relevant
components of documentation.

Interrater and Intrarater Reliability. The weighted ks with 95 percent Cls for all
tested comparisons between internal reviewers and between external

reviewers are depicted in Figure 2. The range of these weighted «s places
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them in the categories of “moderate” to “almost perfect” agreement between
reviewers (Landis and Koch 1977). Of particular note is that the internal
teams’ «s were uniformly higher than the external teams’.

Intergroup Comparisons (Internal versus External Reviewers). The external
primary reviewers identified 537 suspected adverse events (2,374 charts
reviewed), of which 429 (79.9 percent) were confirmed by external MD
consensus for an overall adverse event rate of 18.1 per 100 patients (95
percent CI: 16.4, 19.9). Internal reviewers identified 866 suspected adverse
events (2,341 charts reviewed), of which 588 (67.9 percent) were confirmed
by internal MD consensus, resulting in an overall internal review team
adverse event rate of 25.1 per 100 patients (95 percent CI: 23.1, 27.2) (Table
4; Figure 1). Using a random effects Poisson regression model, with number
of adverse events as the outcome, this represents an increase in the relative
detection rate of adverse events between the internal and external review

Figure 2: Level of Agreement within the Internal and External Reviewer
Teams Using the Same Subjects
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team of 1.37 (95 percent CI: 1.23, 1.53). This difference did not vary
significantly over time (interaction term for reviewer type and year explained
an additional model deviance of 0.37, 5df, p = .996), indicating no evidence
of instability in the detection rate over time between the internal and external
reviewers. The agreement between internal reviewer teams and
external reviewer teams for number of adverse events suspected (n = 2,336
charts), number of adverse events confirmed (n=2,336 charts), and
adverse event severity (n=276 charts) was moderate (Landis and Koch

1977, Figure 3).

Comparing Internal and External Review Teams to the Experienced Review
Team. Of the 24 randomly selected charts targeted for experienced team
review in each of the 10 hospitals, 202 total charts were ultimately reviewed
by all three teams (internal, external, and experienced). Of these 202 charts,
the experienced review team identified 30.2 percent of patients as having one
or more adverse events, while the external team identified one or more
adverse events in 15.3 percent and the internal review team in 18.8 percent.
The total number of adverse events identified in these 202 charts by the
experienced team was 74 (rate 36.6 per 100 patients), while the external team
identified 32 (rate 15.8 per 100 patients), and the internal team identified 49
(rate 24.3 per 100 patients). Using a random effects Poisson regression model,
with number of adverse events as the outcome, compared with the

Figure 3: Level of Agreement between the Internal and External
Reviewer Teams
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experienced team, the relative detection rate of the internal and external
review teams was lower by 0.66 (95 percent CI: 0.55, 0.80) and 0.43 (95
percent CI: 0.31, 0.61), respectively. These differences did not vary
significantly over time (interaction term for reviewer type and year
explained an additional model deviance of 1.44, 8df, p=.994), indicating
no evidence of instability in the detection rate over time between the internal,
external, and experienced reviewers. The level of agreement between the
experienced team and the external or internal teams was “fair” to
“moderate,” with the internal team performing better than the external
team (Figure 4). The sensitivity and specificity of the review teams using the
experienced team as the comparison group were 34 percent and 93 percent
(external) and 49 percent and 94 percent (internal), respectively. Thus,
although it appears that both the internal and external teams identified fewer
adverse events than the experienced team (a reflection of their sensitivity),
those adverse events that were identified by the internal and external review
teams were frequently identified by the experienced review team as well (high
specificity). We did not identify enough adverse events in the more severe
categories of G, H, and I to determine with confidence the sensitivity and
specificity of the internal and external team reviews for these more severe
adverse events (Table 4).

Figure 4: Level of Agreement between Internal and External Review
Teams and the Experienced Review Team
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DISCUSSION

With almost 2,400 charts from 10 North Carolina hospitals over a 6-year time
frame evaluated by internal, external, and experienced review teams, this
report represents the largest and most systematic study performed to date
using the GTT adverse event measurement methodology. The results suggest
that the GTT methodology provides reproducible estimates of adverse event
rates and thus can be used reliably by individual hospitals, states, and the
nation to estimate rates of adverse events and trends over time. In addition,
the findings of this study may guide the use of the GTT for future large-scale
evaluations of adverse events.

Most important, both interrater and intrarater reliability were signifi-
cantly higher for the internal review team than for the external review team in
every comparison made, with internal weighted ks ranging from 0.64 (“sub-
stantial” agreement) to 0.93 (“almost perfect” agreement; Landis and Koch
1977). Moreover, internal review teams identified significantly more adverse
events than did the external review teams. More specifically, internal primary
reviewers identified 38 percent more suspected adverse events than their ex-
ternal counterparts, and internal physician reviewers identified 25 percent
more consensus adverse events than their external counterparts. This trans-
lated into higher sensitivity of internal reviewers compared with the experi-
enced review team (49 percent versus 34 percent), while specificity was
comparable (94 percent versus 93 percent). Levels of agreement between
same team physicians regarding preventability classification were also higher
for internal teams compared with external teams (k= 0.83 versus 0.54),
reaching a level of agreement higher than previously published (Baker et al.
2004, x = 0.69). Overall, the levels of agreement for the internal team chart
reviews were equal to or better than those seen in other studies using similar
methods as exemplified in the levels of agreement between physician review-
ers that an adverse event occurred (Classen et al. 2008, x = 0.847; Brennan
et al. 1991, k = 0.61; Baker et al. 2004, x = 0.47; Sari et al. 2007, x = 0.76).

The superiority of internal reviewers was not anticipated. One possible
explanation is that internal reviewers are more familiar with their local chart-
ing format and language, and thus more adept at finding triggers than the
external reviewers. A second explanation could be that internal teams’ con-
clusions were not independent and were discussed among themselves before
data submission. We believe this to be unlikely because each team had differ-
ent personnel, were provided strict instructions to function and report inde-
pendently from the others, and entered all study data independently without
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access to other team’s data. These results suggest that internal hospital re-
viewers may be preferable to teams of external reviewers when undertaking
large-scale national or regional studies. Additional potential advantages of
using internal reviewers include lower cost, reviewer availability, familiarity
with local charting habits, and the opportunity to train and continue to use
these reviewers to identify local adverse event rates routinely over time. In-
deed, hospitals that wish to estimate and track their rates of adverse events
over time should be reassured that internal reviewers perform with high re-
liability, and that adverse event detection by internal reviewers is highly spe-
cific and reasonably sensitive.

However, even the internal reviewers failed to detect adverse events
found by the experienced team reviewers. The experienced team identified
36.6 adverse events per 100 patients, approximately 1.5- and 2.3-fold more
than the internal and external review teams, respectively. It is likely that more
intensive training, including monitoring and feedback regarding performance
of reviewers over time, would improve reliability and sensitivity of both ex-
ternal and internal reviewers in detecting adverse events (Classen et al. 2008).
It is also possible that external and internal reviewers more accurately detect
the most severe adverse events, but the number of records with these higher
levels of adverse events reviewed by the experienced team was insufficient to
address this important issue.

This study has several limitations. First, although the GTT appears to be
a suitable methodology for detecting and tracking adverse events, there re-
mains no true “gold standard” for adverse event identification. We anticipated
that the experienced users of the GTT (the experienced team) would identify
higher numbers of adverse events than did the newly trained internal and
external reviewers; however, we recognize that even the experienced team
reviewers may have missed some adverse events. In addition, we were unable
to ascertain whether the experienced team reviewers were more aggressive in
classifying borderline cases as adverse events (false-positives). Alternatively it
is conceivable that the experienced team reviewers, some of whom helped
create the GTT and may be invested in demonstrating its superior sensitivity,
may have been subconsciously biased to overestimate the number and se-
verity of adverse events. Second, by confining chart reviews to 20 minutes, we
recognize that some adverse events could be missed. However, previous
studies have suggested that the vast majority of adverse events can be detected
within 20 minutes, even in complex charts (Griffin and Resar 2007; Classen
et al. 2008). Third, the physician reviewers heard the primary reviewer’s
summaries of all suspected adverse events at the same time so may not have
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rated these cases completely independently before concluding consensus.
This potential bias would have minimal effect on the primary focus of the
study, which was the reliability between internal, external, and experienced
reviewer teams rather than the reliability of the physician reviewers individ-
ually. Finally, the training period was relatively short, and reviewers may have
worked along a steep learning curve during the initial part of the study.

CONCLUSION

Based on the satisfactory interrater and intrarater reliability at the primary
review stage, high levels of agreement between physician reviewers, high
specificity, and reasonable and stable sensitivity when comparing the internal
and external review teams with the experienced review team, we conclude that
the GTT is a reliable and practical method for estimating the occurrence of
adverse events to hospitalized patients. Our study suggests that the GTT can be
used in a random sample of hospitals to determine regional or national rates of
adverse events. Additionally, the GTT could be used to assess the effectiveness
of interventions to improve patient safety over time. Future studies related to
the performance of the IHI GTT, in particular the establishment of a true gold
standard to which various approaches to GTT use could be compared, may be
warranted. In this study, the internal teams performed better than the external
teams, suggesting that internal teams could form the basis of future large-
scale adverse event studies. Internal review teams are also advantageous with
respect to cost, availability of personnel, and the ability to continue local
adverse event measurements over time. A future publication will describe the
burden and types of overall adverse events (preventable and total), as well the
change in rates of adverse events over time, in North Carolina.
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