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Abstract

Objectives—We sought to test reliability of two approaches to classify adverse events (AEs) 

associated with Helicopter EMS (HEMS) transport.

Methods—The first approach for AE classification involved flight nurses and paramedics (RN/

Medics) and mid-career emergency physicians (MC-EMPs) independently reviewing 50 randomly 

selected HEMS medical records. The second approach involved RN/Medics and MC-EMPs 

meeting as a group to openly discuss 20 additional medical records and reach consensus-based AE 

decision. We compared all AE decisions to a reference criterion based on the decision of three 

senior emergency physicians (Sr-EMPs). We designed a study to detect an improvement in 

agreement (reliability) from fair (kappa=0.2) to moderate (kappa=0.5). We calculated sensitivity, 

specificity, percent agreement, and positive and negative predictive values (PPV / NPV).

Results—For the independent reviews, the Sr-EMP group identified 26 AEs while individual 

clinician reviewers identified between 19 and 50 AEs. Agreement on the presence/absence of an 

AE between Sr-EMPs and three MC-EMPs ranged from K=0.20 to K=0.25. Agreement between 

Sr-EMPs and three RN/Medics ranged from K=0.11 to K=0.19. For the consensus/open-

discussion approach, the Sr-EMPs identified 13 AEs, the MC-EMP group identified 18 AEs, and 
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RN/Medic group identified 36 AEs. Agreement between Sr-EMPs and MC-EMP group was 

(K=0.30 95%CI −0.12, 0.72), whereas agreement between Sr-EMPs and RN/Medic group was 

(K=0.40 95%CI 0.01, 0.79). Agreement between all three groups was fair (K=0.33, 95%CI 0.06, 

0.66). Percent agreement (58-68%) and NPV (63-76%) was moderately dissimilar between 

clinicians, while sensitivity (25-80%), specificity (43-97%), and PPV (48-83%) varied.

Conclusions—We identified a higher level of agreement/reliability in AE decisions utilizing a 

consensus-based approach for review rather than independent reviews.
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INTRODUCTION

One-third of all hospital admissions involve an Adverse Event (AE),1 defined as an 

unintended injury caused by medical management.2 Little data exist on AEs outside the 

hospital setting. Helicopter Emergency Medical Services (HEMS) are an important setting 

for the study of AEs. Care in HEMS is complicated because its patients, who are critically ill 

or injured with time-sensitive and complex conditions, often present with limited 

information following transfer(s) of care in an uncontrollable setting. The United States 

National EMS Culture of Safety Strategy project (www.emscultureofsafety.org) established 

a need for safety awareness and improvement in EMS. Despite this effort, there has been 

limited research on identifying and categorizing AEs in prehospital ground or helicopter 

care delivery.

Approaches to detecting and categorizing AEs include review of medical records, direct 

observation, identification of sentinel events and anonymous reporting.3 Of these, direct 

observation has many advantages over other approaches and may be considered to have the 

highest level of predictive validity.3 It eliminates potential recall bias of clinicians 

associated with self-report and reduces the need to perform time-consuming retrospective 

record review. However, the use of direct observation is limited because it is costly.3 The 

most common approach is medical record review (supported by a trigger tool) conducted by 

nurses or physicians to determine if the delivery of care led to measurable harm.2,4 Although 

this approach is time consuming, it is the accepted quality assurance practice in most 

healthcare settings.3

A challenge with medical record review for AE identification in the prehospital setting is the 

lack of a standardized technique considered reliable, valid, and applicable. Current quality/

safety assurance in use by diverse EMS systems is physician-led review of medical records 

to identify excellence in care, medical error, and AEs,5-7 with no standardization across 

EMS systems. We have developed a content valid framework for AE identification using 

medical record review that incorporates an EMS-specific AE definition, use of a trigger tool, 

and a procedure for rating outcome categories of AEs.8 In this paper, we evaluate this tool 

by assessing reliability (agreement) with a criterion standard. We hypothesized that an 

approach to medical record review using consensus/open-discussion would result in higher 

reliability than reviews utilizing traditional independent clinician review.
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METHODS

Overview of Study and Design

The PittAETool provides a framework for performing medical record reviews.8 It includes a 

trigger tool and multi-step process for reviewing a medical record that is similar in overall 

structure to other processes used for medical record review, including those used in the 

Harvard Medical Practice studies.9 Use of these frameworks and a common structure 

promotes consistency, use of a common taxonomy, and improves the possibility of 

comparing results between different organizations/settings. Inconsistencies in clinician 

agreement regarding the presence/absence or severity of AEs after using a specific 

framework raise questions about the most appropriate or optimal application of a framework 

for reliability and validity purposes.

In our study, we used two approaches to assessing the reliability of the PittAETool. In the 

first approach, we asked emergency clinicians to review medical records independently and 

render an AE decision based only on their independent review (Figure 1). In the second 

approach, we separated the clinicians into two groups. One group of emergency clinicians 

included three prehospital flight nurses / flight paramedics (RN/Medics). The three RN/

Medics were certified flight paramedics or prehospital flight nurses with responsibilities as 

QA officers in a large HEMS organization. The second group included three mid-career 

emergency medicine physicians (MC-EMPs). The three MCEMPs were licensed emergency 

medicine physicians with an average of 15 years of EMS and emergency medicine 

experience. Each group met together to discuss a medical record and produce a consensus-

based decision regarding an AE. We identified a third group of senior emergency medicine 

physicians (Sr-EMPs) that we used to set our criterion standard for AE decisions. All Sr-

EMPs had prior experience leading quality assurance committees and a minimum of 15 

years experience with EMS organizations as a medical director or providing medical care 

and oversight. Analogous to previous research,9 we considered the decisions made by senior 

emergency medicine physicians as the reference criterion (aka: gold standard) for this study 

and for the purpose of comparing the reliability of two different approaches to medical 

record review. Adjudication by senior physicians is a criterion (gold) standard in medical 

decision-making and AE identification.9-13 Senior physician adjudication was the criterion 

standard for the Harvard Medical Practice studies.9

We powered the study to detect an improvement in agreement (reliability) from an estimated 

kappa=0.2 to 0.4 in the independent/blinded reviews to an estimated kappa=0.7 in the 

approach using open discussion and consensus-based AE decisions. We based our power 

calculations on data collected from a prior study of AEs in the EMS setting.14 For all power 

calculations, we used the KappSize package in R and a fixed alpha level of 0.05 and power 

of 0.80. Assuming three unique reviewers and a 50% likelihood of an AE in our sample of 

medical records, we required a minimum of 38 medical records to detect an improvement in 

agreement from kappa of 0.2 to 0.5 for the first approach (independent medical record 

reviews). To test our main hypothesis that agreement (reliability) would be higher utilizing a 

consensus-based (open-discussion) approach, a minimum of 14 cases would be required to 

detect an improvement from a kappa of 0.2 to 0.7. To ensure adequate power, we randomly 
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sampled 50 medical records for the approach using independent reviews, and 20 medical 

records for the open-discussion, consensus-based review approach. The University of 

Pittsburgh Institutional Review Board approved this study.

Study Setting and Data Source

We collected medical records from STAT MedEvac, a large HEMS agency with 17 base 

sites spread across Eastern Ohio, Pennsylvania, Northern Maryland, and the District of 

Columbia. The annual patient volume for STAT MedEvac is approximately 10,000 patients 

and includes emergent scene to hospital and interfacility air medical transports. STAT 

MedEvac follows a multi-step process for medical record review that includes a review of 

all medical records.

We obtained two random samples of STAT MedEvac medical records from 2008. We 

designed the first sample of 50 records to include an equivalent number of medical records 

from each month of 2008. Forty-percent of the sampled medical records had a preexisting 

Quality Assurance (QA) marker (A “QA flag”). A QA flag is a memo associated with a 

particular medical record by a medical director physician or his/her designee who is in 

charge of quality assurance and medical record review. A QA flag is most often used to 

direct the attention of the flight paramedic or nurse to a deviation in protocol, a 

documentation error, other errors or irregularities identified in the medical record during 

routine review. A QA flag may also be used to acknowledge exceptional performance on a 

challenging patient encounter. We designed the sampling of the second sample of 20 

medical records to include 10 with a QA flag. We purposely included both medical records 

with and without QA flags to increase the likelihood that some of our charts would include 

an AE. We selected records from 2008 in order to reduce the likelihood that any of our 

clinician reviewers would have had prior exposure to or memory of the selected medical 

records.

Study Protocol

We trained all nine clinicians to use our recently published framework for reviewing HEMS 

medical records.15 The PittAETool is a valid framework that includes a four-step process for 

medical record review and AE detection and classification (Figure 2). The advantages of 

using this framework for medical record review and AE detection include: 1) it incorporates 

a standard lexicon of safety terminology,16 2) it follows a standardized protocol based on 

previous research and preferred practice in patient safety,16 and 3) it is content valid.15 All 

clinicians in this study were involved in the development of the PittAETool and were 

familiar with it and the intended use. The first author (PDP) led a practice session with three 

actual HEMS medical records to ensure that all clinicians understood how to apply the 

PittAETool. Clinicians practiced documenting their AE decisions using a standard data-

recording sheet that can be located in a prior publication.15 During the practice session, we 

addressed questions regarding use of the PittAETool and emphasized that a “triggered” 

medical record should not – by itself – imply the presence of an AE, but rather prompt a 

detailed review of the entire medical record. We also emphasized the sensitive 

characteristics of our adopted AE definition in comparison to previously published 

definitions. That definition reads as: An adverse event in EMS is a harmful or potentially 
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harmful event occurring during the continuum of EMS care that is potentially preventable 

and thus independent of the progression of the patient’s condition.”14 In total, clinician 

reviewers accumulated an estimated 20+ hours of exposure to and training in use of the 

PittAETool; well beyond the 2-3 hours reported in other studies.9,17

As noted earlier, we asked the clinician reviewers to apply the PittAETool in two different 

ways. First, we asked the three MC-EMPs and three RN/Medics to follow the more 

traditional approach utilized in air-medical and ground-based EMS record reviews and to 

independently review 50 HEMS medical records and provide their own decisions about 

AEs. We referred to this approach as the “independent approach.” Second, we asked the 

three MC-EMPs to meet as a group and review 20 medical records and come to a consensus-

based decision regarding AEs using the PittAETool. We asked the RN/Medic group to do 

the same thing. We refer to this approach as the “consensus-based approach.” Finally, we 

asked our three Sr-EMPs to meet as a group and apply the PittAETool to all 70 medical 

records reviewed by both the MC-EMPs and RN/Medics. We considered the AE decisions 

of the Sr-EMPs as the reference criterion (aka: gold standard) to which the independent and 

consensus-based approaches would be compared.

Outcome Measures

Our primary measure of interest was agreement (reliability) of AEs decisions. Specifically, 

we were interested in determining if the agreement observed between the Sr-EMPs (our 

reference criterion) and independent reviews was better or worse than the agreement 

between the Sr-EMPs and the consensus-based reviews performed by MC-EMPs and RN/

Medics.

Data Analysis

We used Cohen’s Kappa and calculated percent agreement to quantify agreement between 

AE decisions made by clinician reviewers and the decisions made by our reference criterion 

Sr-EMPs. We used Fleiss’ multi-rater kappa and corresponding 95% confidence to calculate 

agreement between multiple (>2) clinicians.18 The percentage agreement, sensitivity, 

specificity, positive and negative predictive values of AE decisions made by MC-EMPs and 

RN/Medics were calculated by treating AE decisions as binary (yes/no AE present in a 

medical record). We used counts and frequencies to describe the number of unique events 

identified by reviewers, frequency of trigger selection, frequency of proximal cause 

selection, and frequency of each type of AE. Stata version 10 SE (StataCorp LLP, College 

Station, TX) and SAS version 9.2 (SAS Institute Inc., Cary, NC) were used to analyze study 

data.

RESULTS

In the first set of 50 medical records, the reference criterion Sr-EMPs identified one AE with 

evidence of harm and 25 AEs with potential for harm (Table 1). In the second set of 20 

medical records, the Sr-EMPs identified one AE with evidence of harm and 12 AEs with the 

potential for harm (Table 1). The first AE with harm was described as “a worsening trend in 

hemodynamics or mental status after administration of labetalol and fentanyl” (Medical 
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Record #11; Table 2). The trigger for this event was [T5] – “A worsening trend 

(deterioration) in patient hemodynamic or mental status indicators.” The Sr-EMPs 

determined that the proximal cause for this event involved clinicians at the referring or 

receiving facility (labeled the Non-HEMS crew in the PittAETool framework). The second 

AE with harm identified by Sr-EMPs was discovered in Medical Record #109 and described 

as “Cardizem bradycardic, hypotensive patient by Non-HEMS.” The trigger for this event 

was [T10] – “Suggestive evidence of deviation from standard of care by performing an 

intervention or administering a medication that appears to be outside of protocol, or failure 

to perform an intervention or provide a medication that is within the standard of care.” The 

Non-HEMS crew was again designated as the proximal cause for this event.

The Independent Review Approach

There was wide variation in the total number of medical records that each of the three RN/

Medic reviewers and MC-EMP reviewers determined to have an AE. There was also wide 

variation between reviewers in the total number of AEs identified (Table 1).

As noted above, in the first 50 medical records, there was one AE with harm identified by 

the reference criterion Sr-EMP group (Medical Record #11; Table 2). This specific AE was 

identified by all MC-EMPs, with two of the three MC-EMPs categorizing the AE as having 

evidence of harm, and the third MC-EMP categorizing it as having potential for harm. One 

RN/Medic identified an event in the same medical record (#11), yet did not classify the 

event as an AE (Table 2).

In the first 50 medical records, two additional AEs with harm were identified in Medical 

Record #23. Two of the RN/Medics and two of the MC-EMPs identified the first of two 

administrations of vecuronium (a neuromuscular blocking agent) and classified it as an AE. 

Both MC-EMPs classified this AE as “potential for harm.” One of the RN/Medics classified 

this AE as harm identified. Two RN/Medics and one MC-EMP identified the second AE in 

this medical record (#23) – a second dose of vecuronium to the same patient without 

adequate sedation. One RN/Medic (RN/Medic3) classified this second AE as harm 

identified, whereas RN/Medic2 and MC-EMP1 classified this event as potential for harm 

(Table 2). Notably, the Sr-EMP group did not identify these two additional AEs, both of 

which involved the administration of a vecuronium without adequate sedation (Table 2).

We also observed differences in the total number of AEs with potential for harm identified 

by the three RN/Medics and MC-EMPs. This number ranged from 19 to 36 for the three RN/

Medics, and from 5 to 50 for among the three MC-EMPs.

Agreement on the presence/absence of any AE (this includes those with evidence or 

potential for harm) ranged from (K=0.11; 95%CI −0.16-0.37) to (K=0.19; 95%CI 

−0.08-0.46) between the reference criterion Sr-EMPs and three RN/Medics (Table 1). 

Agreement between the Sr-EMPs and all independent decisions by the three RN-Medics was 

‘slight’ (Fleiss’ K=0.16; 95%CI 0.03-0.32; Figure 3). The mean percent agreement between 

the three RN/Medics and the reference criterion Sr-EMPs was 61.3% (min=58%, max=66%; 

Table 1). The mean sensitivity and specificity between the three RN/Medics and the 

reference criterion Sr-EMPs was 46.7% (sensitivity min=30%, max=60%) and 67.7% 
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(specificity min=60%, max=80%), respectively (Table 1). The positive and negative 

predictive values for RN/Medic1, RN/Medic2, and RN/Medic3 were comparable (Table 1).

Agreement on the presence/absence of any AE between the reference criterion Sr-EMPs and 

the three individual MC-EMP clinicians ranged from (K=0.20; 95%CI −0.07-0.48) to 

(K=0.25; 0.02-0.47; Table 1). The multi-rater agreement between the Sr-EMPs and all three 

MC-EMPs was ‘slight’ (Fleiss’ K=0.15; 95%CI 0.01-0.31; Figure 3). The mean percent 

agreement of MC-EMPs with the reference criterion Sr-EMPs was 62.7% (min=58%, 

max=68%; Table 1). The mean sensitivity and specificity of MC-EMPs with the reference 

criterion Sr-EMPs was 51.7% (sensitivity min=25%, max=80%) and 70% (specificity 

min=43%, max=97%), respectively (Table 1). Positive and negative predictive values varied 

widely between the three MC-EMPs (Table 1).

The three most common triggers selected by the three MC-EMPs and three RN/Medics 

included: 1) [T10] – deviation from protocol, or failure to perform an intervention, 2) [T1] – 

missing, incomplete, or unclear documentation; and 3) [T9] – use of medications or fluids: 

(e.g., blood products, vasopressors or inotrope). The three most common proximal causes 

for the described events with identifiable harm listed in Table 2 include: 1) HEMS provider 

(the flight paramedic or flight nurse); 2) Undetermined, and 3) Non-HEMS provider (a nurse 

or other clinician at the referring or receiving facility).

The Consensus-Based Review Approach

The reference criterion Sr-EMP group identified one AE with evidence of harm in the 

second set of 20 medical records (Medical Record #109; Table 2). The RN/Medic group 

identified this same AE in Medical Record #109 and also classified it as having evidence of 

harm. The MC-EMP group did not detect this AE and did not trigger this medical record for 

detailed review (Table 2). In this second set of 20 medical records, the RN/Medic group and 

MC-EMP group identified two additional AEs not identified by the reference criterion Sr-

EMPs. The first of two additional AEs not detected by the Sr-EMP group was identified in 

Medical Record #102 and described as “Failure to adequately manage hypotension” by the 

MC-EMP group and as “Norepinephrine dose below therapeutic range” by the RN/Medic 

group (Table 2). The MC-EMP group classified this AE has having evidence of harm, 

whereas the RN/Medic group classified it as having the potential for harm. The second AE 

not detected by the Sr-EMP group was identified in Medical Record #107 and described by 

both the RN/Medic group and MC-EMP group as a “Worsening trend-blood pressure, Vitals 

deterioration-hypotension.” The RN/Medic group and MC-EMP group classified the 

severity of this AE differently. The RN/Medic group classified this event as having the 

potential for harm, whereas the MC-EMP group classified it as harm identified (Table 2). 

Notably, the Sr-EMP group triggered this same medical record (#107) and described the 

event similarly to the RN/Medics and MC-EMPs, yet the Sr-EMPs did not find this to be an 

AE (Table 2).

For the second set of 20 medical records, agreement between reference criterion Sr-EMP 

group and the RN/Medic group on identification of any AE was fair to moderate (K=0.40, 

95% CI 0.01-0.79; Table 1). Agreement between the reference criterion Sr-EMP group and 

the MC-EMP group was ‘fair’ (K=0.30, 95% CI −0.12-0.72; Table 1). The multi-rater 
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agreement between all three groups (RN/Medics, MC-EMPs, and Sr-EMPs) on the presence/

absence of any AE at the medical record level was ‘fair’ (K=0.33; 0.06-0.66; Figure 3). The 

percent agreement between the reference criterion Sr-EMPs and the two review groups (RN/

Medics and MC-EMPs) was comparable; 70% and 65%, respectively (Table 1). The 

sensitivity between the Sr-EMPs and the two review groups (RN/Medics and MC-EMPs) 

was comparable; 80% and 70%, respectively (Table 1). Specificity between the Sr-EMPs 

and the two review groups (RN/Medics and MC-EMPs) was also similar at 60% each (Table 

1). Positive and negative predictive values were comparable for the RN/Medic group and 

MC-EMP groups (Table 1).

The three most common triggers were: 1) [T8] – A failed intervention or procedure; 2) [T1] 

– missing, incomplete, or unclear documentation; and 3) [T7] – use of advanced 

interventions (e.g., cardioversion, defibrillation, transcutaneous pacing). The most common 

causes for the triggered events included HEMS provider (the flight paramedic or flight 

nurse) and Non-HEMS provider (a nurse or other clinician at the referring or receiving 

facility).

DISCUSSION

Our data suggest that many HEMS medical records contain events that would be triggered 

for follow-up by a physician or other clinician reviewers; very few of these “triggers” appear 

to indicate an AE with evidence of harm to the patient. There is wide variation in assessment 

across reviewers, a finding observed in other settings.14,15,19-24 We observed that a 

consensus-based approach to medical record review utilizing open-discussion between 

reviewers is more reliable than an approach that relies solely on a clinician identifying AEs 

independently.

The degree of reliability (agreement) that we found for each approach was comparable to 

those of prior investigations, most of which focused on inpatient medical record review. For 

example, Schildmeijer and colleagues reported “slight agreement” on use of triggers and 

“fair agreement” on total number of AEs between five experienced teams comprised of two 

nurses and one physician.15 In the original study of the Institute for Healthcare Improvement 

Global Trigger Tool (GTT), investigators found a mean agreement on the presence/absence 

of an AE between physician and non-physician reviewers of K=0.49 after extensive training 

of clinician raters.17 In previous research of EMS medical records, four emergency 

physicians independently reviewed 250 ground-based EMS and achieved “fair” agreement 

(K=0.24; 95%CI 0.19, 0.29) on the presence/absence of an AE.14 Schildmeijer and 

colleagues also reported that out of 42 total AEs identified, only eight of the same AEs were 

detected by three of five clinician teams.15 A previous report in which 30 physicians 

reviewed 319 medical records concluded that complete agreement between independent 

reviewers is an unrealizable expectation.19 Forster and colleagues investigated medical 

record misclassification and concluded that relying on one clinician to review and identify 

AEs is unreliable.25 We too detected rather poor agreement between the reference criterion 

Sr-EMP group and other clinician reviewers regarding the same AE for both the independent 

approach and group-based approach to medical record review (Table 2).
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Our study raises a number of important questions regarding patient safety outcome 

measurement in the prehospital setting. The first has to do with the actual lack of reliability 

in AE measurement. How good can we get? What is our benchmark for reliability? The 

findings across all studies (in both the prehospital and hospital setting) are not very 

encouraging. The PittAETool was developed by emergency medicine clinicians, is content 

valid, and yet reliability in its application remains low. We cannot speculate on further 

uptake and effectiveness absent more data.

The second is a process question. Should AE identification in EMS clinical care be based on 

medical record review performed by groups of emergency medicine physicians? While our 

findings suggest “yes,” the factors that affect medical oversight and medical record review 

are complex and diverse across the estimated 19,000 EMS organizations nationwide.26 Most 

EMS agencies receive medical oversight from a single physician. Two national emergency 

medicine societies have published position statements identifying record review as a core/

routine function of the physician overseeing the agency.6,7 A survey of 1,425 local EMS 

administrative directors found that less than half of designated medical directors routinely 

reviewed medical records.27 This finding may be a resource issue, where designated medical 

directors are not afforded the compensation and resources needed to perform routine audits. 

The capability to perform routine medical record review may be more limited in rural 

communities and settings with constraints on EMS resources. One tactic that may be 

supported by our findings is the sharing of medical oversight between EMS systems, 

organized in a regionalized arrangement of medical oversight and AE detection. A 

potentially feasible first step option may be the embedding of the trigger tool component of 

the PittAETool into electronic medical record systems as a method of filtering only those 

medical records that may require detailed reviews. It may be possible to refine the trigger 

tool component to identify AEs with harm and to limit the number of “potential” AEs to 

those that are clearly deviations from protocol, but have an acceptably low likelihood of a 

negative outcome (i.e., missing or incomplete documentation).

Research addressing patient and provider safety in EMS is nascent, but improving patient 

safety in healthcare is a national priority and endorsed by the “National EMS Culture of 

Safety Strategy” (www.emscultureofsafety.org). Having reliable and valid techniques to 

measure safety in the EMS setting is a key first step to improvement. The EMS setting poses 

unique challenges not experienced in the in-hospital setting, where most currently used 

safety outcome measurement is based. In contrast to larger teams seen in hospital care, EMS 

care teams are almost exclusively two clinicians (a dyad). Patients are acutely ill or injured, 

information is often limited, resources to care for complex conditions are scarce, and odds of 

error or AE are high.28 Despite the inherent risk exposures in EMS, there is limited research 

on safety with a poorly defined total burden. Our study exposes a number of challenges 

associated with AE measurement and represents what we consider formative work in patient 

safety outcome measurement for the prehospital setting.

LIMITATIONS

We are limited by our convenience sample of clinicians affiliated with one large HEMS 

organization. Clinicians in other settings may have approached medical record reviews 
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differently impacting agreement observed in this study. We reduced potential bias associated 

with selection of our main data source (medical records) by incorporating random sampling, 

though we cannot entirely eliminate the threat of selection bias. Similarly, we reduced the 

potential impact of recall bias by the reviewers through limiting the inclusion of medical 

records to 2008 rather than a time period proximal to present day. We are also limited by 

human error and reviewer fatigue.

We did not formally collect the exact time a clinician devoted to each review of a medical 

record, but informally, many clinician reviewers self-reported to the lead investigator an 

average of 20 minutes per medical record; a time consistent with prior research.15 While 20 

minutes appears to be a norm, automation of the trigger tool component may helpful in 

preventing the potential for reviewer fatigue in future applications of the PittAETool. In 

addition, we also did not collect data on disagreements between physicians in the senior 

group. This group was instructed to produce a consensus-based decision for each medical 

record and each AE identified. In no instance did this group raise concerns of decisions that 

could not be resolved.

We used prior research as a model for this study,9 adapted based on limitations in time and 

resources. For example, unlike prior studies like that of Brennan and colleagues,9 we 

allowed for all three groups of reviewers (RN/Medics, MC-EMPs, and Sr-EMPs) to review 

all medical records simultaneously. Other studies followed a process whereby medical 

record administrators of nurses “screened” a medical record, sending on only those records 

selected at screening considered to possibly have an AE or error present.9,15 Our decision to 

have all three groups review all records may have contributed, in some way, to the finding 

where several AEs with harm were identified by RN/Medics or MC-EMPs and missed by 

Sr-EMPs. In a stepwise approach like that used in many previous studies,9,15 the physician 

may have been more attentive and detected AEs based solely on the impression that some 

error or AE may be present because at screening, the record was tagged for further review.

Many may not embrace our choice for a reference criterion. The Harvard Medical Practice 

studies are the cornerstone of AE research, and these investigators considered decisions by 

the “senior physicians” using open discussion and consensus to be the best approximation of 

a “gold standard”.9

Some may not agree methodologically with our choice to make direct comparisons between 

two diverse approaches to medical record review when the criterion standard is analogous to 

one of the approaches tested. Some may feel agreement between groups using consensus-

based approaches will be higher than other approaches because the criterion standard also 

uses consensus. We believe our approach is reasonable and the structure of our comparisons 

did not predetermine that the group / consensus-based approach would produce higher 

reliability. We reference research by Schildmeijer and colleagues that shows agreement 

between groups regarding AEs varies widely despite use of a grouped-based, consensus 

decision approach.15 Schildmeijer and colleagues studied agreement in AE decisions 

between five teams of two nurses and a physician from five different hospitals reviewing 50 

medical records.15 Clinicians used a trigger tool methodology analogous to the tool 

employed in the current study, and elements of their review approach required open-
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discussion and consensus-based decisions. Authors noted that all clinician reviewers were 

familiar with review methodology and had at least three years of experience using the 

trigger tool approach. Despite a high level of familiarity with a standardized approach and 

use of open-discussion, findings revealed wide variation in agreement between the teams 

(kappa=0.26 to 0.77) regarding the number of AEs detected.15

Another potential limitation is reviewer training. Numerous studies show poor agreement 

between clinicians attempting to identify and adjudicate AEs.9,17,29-31 Prior research 

suggests that training can lead to improved agreement.17 Studies that led to commonly used 

tools (e.g., the Global Trigger Tool) cite 2-3 hours of training and familiarity with an AE 

identification process as adequate.9,17 Other studies show agreement between reviewers may 

be poor despite years of familiarity with a specific method.15 We addressed the issue of 

training by having nine of the 10 clinicians involved in the development of the PittAETool 

take part in this study. We feel this strengthened our study because all clinicians were 

intimately familiar with the tool and intended use. We estimate a 20+ hour total period of 

training with tool development and practice sessions with actual medical records. Additional 

research with additional training may result in improved agreement.

Our data highlight the need to further the development of clear and measureable definitions 

of an adverse event and creation of a valid reference criterion. While the AE definition 

adopted for this study has face validity and was developed by emergency physicians,14 

inclusion of “potential” harm introduces potential ambiguity and threatens AE identification 

and reliability. A more clear and measurable “case definition” of an AE is needed, as is data 

that supports its application and utility for AE detection, no matter the approach or source of 

data (e.g., medical record review, direct observation, or other).

CONCLUSIONS

We identified a higher level of agreement in AE decisions utilizing a consensus/grouped-

based format for review as compared to an independent review format. Despite this 

observation, reliable and efficient AE detection remain a challenge.
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Figure 1. 
Illustration of medical record review process
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Figure 2. 
The PittAETool Framework for detecting and classifying Adverse Events
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Figure 3. 
Agreement on presence/absence of any Adverse Event in medical record
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