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Abstract 

Background  Emergency Medical Services (EMS) are a unique setting because care for the chief complaint 
is given across all ages in a complex and high-risk environment that may pose a threat to patient safety. Traditionally, 
a reporting system is commonly used to raise awareness of adverse events (AEs); however, it could fail to detect an AE. 
Several methods are needed to evaluate patient safety in EMS. In this light, this study was conducted to (1) develop 
a national ambulance trigger tool (ATT) with a guide containing descriptions of triggers, examples of use, and catego-
rization of near misses (NMs), no harm incidents (NHIs), and harmful incidents (HIs) and (2) use the ATT on randomly 
selected ambulance records.

Methods  The ambulance trigger tool was developed in a stepwise manner through (1) a literature review; (2) three 
sessions of structured group discussions with an expert panel having knowledge of emergency medical service, 
patient safety, and development of trigger tools; (3) a retrospective record review of 900 randomly selected journals 
with three review teams from different geographical locations; and (4) inter-rater reliability testing between reviewers.

Results  From the literature review, 34 triggers were derived. After removing clinically irrelevant ones and combining 
others through three sessions of structured discussions, 19 remained. The most common triggers identified in the 900 
randomly selected records were deviation from treatment guidelines (30.4%), the patient is non conveyed after EMS 
assessment (20.8%), and incomplete documentation (14.4%). The positive triggers were categorized as a near 
miss (40.9%), no harm (3.7%), and harmful incident (0.2%). Inter-rater reliability testing showed good agreement 
in both sessions.

Conclusion  This study shows that a trigger tool together with a retrospective record review can be used as a method 
to measure the frequency of harmful incidents, no harm incidents, and near misses in the EMS, thus complementing 
the traditional reporting system to realize increased patient safety.

Key messages 

What is already known on this topic: The EMS system is potentially a high-risk environment for harmful incidents, 
and a reporting system could fail to detect adverse events; thus, new methods are needed.
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Background
Over the recent decades, the Emergency Medical Ser-
vices (EMS) system in Sweden has transitioned from 
a transport service to an emergency care service that 
provides advanced care and patient assessments at the 
scene, including triaging to the most optimal level of care 
[1]. EMS clinicians can manage common complaints of 
patients of all ages in a variety of settings. As they oper-
ate in high-risk environments that involve the occurrence 
of adverse events (AE) and threats to patient safety [2], 
methods are needed for evaluating patient safety.

Various methods have been developed to measure 
patient safety and AE frequency [3]. Reporting systems 
are one of the most common methods; however, they are 
effective only if medical staff are aware of the occurrence 
of an AE [4, 5]. In EMS, a patient has few caregivers, and 
thus, the risk of an AE being missed is higher [6]. A struc-
tured retrospective record review (RRR) in combination 
with a trigger tool (TT) could complement a reporting 
system to detect up to 10 times more AEs [7]. Global 
Trigger Tool (GTT) is an example of a widely used tool of 
this type [8].

The report ‘To Err Is Human: Building a Safer Health 
System’ highlighted the need for working toward 
increased patient safety [9]. It was partly based on Har-
vard Medical Practice studies [9–11]. It revealed that 
44,000–98,000 annual deaths at American hospitals were 
attributable to medical errors mainly due to drug compli-
cations, wound infections, and technical complications.

Few studies have investigated the incidence of AEs in 
EMS, although studies have adopted various methods. 
One explored the endotracheal intubation procedure per-
formed by paramedics as it can easily be evaluated when 
arriving at the hospital; it found a fail rate of 25% [12]. 
Another study interviewed 15 EMS providers regarding 
events they recognized as an NM or AE; consequently, 
50 events were categorized into errors prone to clinical 
judgement (54%), skill performance (21%), medications 
(15%), choice of destination (5%), and other (5%) [13].

One study conducted in Sweden used a TT originally 
developed in America for Helicopter Emergency Medi-
cine Services (HEMS). It revealed a frequency of 4.3 
AEs per 100 EMS missions [14]. The most common AE 
categorizes were unclear documentation and deviation 
from guidelines caused by mistakes made by the EMS 

clinicians. It also found higher AE incidence in patients 
with life-threating conditions.

To the best of our knowledge, no TT has been adapted 
for road-based EMS in western Europe. In this light, the 
present study aims to [1] develop a national ambulance 
trigger tool (ATT) with a guide containing descriptions 
of triggers, examples of use and categorization of near 
misses (NMs), no harm incidents (NHIs), and harmful 
incidents (HIs) and [2] use the ATT on randomly selected 
ambulance records.

Methods
Design
The ATT was developed by a stepwise approach includ-
ing the [1] review of existing literature regarding patient 
safety and areas of risk for AEs in the prehospital field 
[2] expert panel discussions with adaptation of the ATT 
through a video link, and [3] clinical evaluation of the 
ATT through RRR (Fig. 1).

Setting
The EMS system in Sweden is funded by taxes across 
regions, resulting in local variations in guidelines and 
documentation systems. At a national level, it was speci-
fied that in each ambulance, one of the two EMS clini-
cians must be a registered nurse (RN) often with a degree 
of master in ambulance/intensive/anaesthesiologic care.

We invited the majority of EMS organizations and 
three services were recruited across Sweden: an urban 
service with 85,000 EMS missions each year and a 
median mission time of 70  min and two urban–rural 
mixed services with 53,000 and 41,000 EMS missions 
each year and median mission times of 78 and 66  min, 
respectively. Two of these services participated in the 
first two sessions of structured discussions and the other 
one participated in the third.

Terminology and definitions
We used the World Health Organization (WHO) termi-
nology for incidents including NM, NHI, and HI [15, 16] 
and categorized the incidents according to the National 
Coordination Council for Medication Error Reporting 
and Prevention index (NCC MERP) [17].

An NM incident (e.g. lack of documentation) neither 
affects nor harms the patient but poses the risk of an 

What this study adds: This study adds an ATT to the clinical practice to complement the reporting system 
for the detection of harmful incidents, no harm incidents, and near misses and thus realize increased patient safety 
in EMS.

How this study might affect research, practice, or policy: The detection of harmful incidents, no harm incidents, 
and near misses in EMS could serve as a foundation for improving patient safety.
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error and is categorized as (A) or (B) according to the 
NCC MERP.

An NHI (e.g. omission of electrocardiogram (ECG) 
in patient with chest discomfort not diagnosed with 
acute coronary syndrome) affects the patient but does 
not cause harm. It is categorized as (C) ‘An incident 
that affected the patient but did not cause any harm’ or 
(D) ‘An incident that affected the patient and demanded 
observation or treatment to assure that no harm 
occurred’.

NMs and NHIs are traditionally not used when using 
TTs but could be valuable in terms of evaluating the clin-
ical setting by receiving information about commonly 
occurring NMs and NHIs [18].

An HI (adverse event; e.g. omission of ECG in patient 
with chest discomfort and later diagnosed with ST-
elevated myocardial infarction, thus delaying time to 
causal treatment) harms the patient. It is categorized as 
(E) ‘Contributed to or resulted in temporary harm and 
required intervention’; (F) ‘Contributed to or resulted in 
temporary harm requiring outpatient care, readmission, 
or prolonged hospital care’; (G) ‘Contributed to or caused 
permanent patient harm’; (H) ‘An event that required 

lifesaving intervention within 60 min’; or (I) ‘Contributed 
to the patient’s death’.

Step 1. Literature review
Existing TTs for inpatients, homecare, paediatric care, 
and psychiatric care presented by the Swedish Asso-
ciation of Local Authorities and Regions (SKR) were 
reviewed for developing the new ATT [19]. To cover a 
prehospital context and to identify risk areas for patient 
safety, PubMed, Cinahl and Medline was searched with 
the following keywords: patient safety, prehospital, 
ambulance, trigger tool, and adverse event. Headlines and 
abstracts were read and included with the following crite-
ria (1) a description of incidents regarding patient safety 
in EMS measured with various methods, (2) ≥ 18 years of 
age, (3) not published before 1980.

Step 2. Expert panel and Structured discussions
Five experts, including RNs and medical doctors (MDs), 
were invited via email to contribute during the discus-
sions. The RNs were eligible to participate in the devel-
opment of the ATT if they had 10  years’ EMS clinical 
experience, previous experience in patient safety in an 
EMS organization, and experience regarding the usage 
of a TT. The MDs were recruited because of their knowl-
edge and experience in the methodology of developing 
TTs. They were also responsible for patient safety in the 
healthcare system at a regional or national level within 
their organization. All members of the panel where con-
fident in other methods used in the patient safety context 
such as incident reporting or root cause analysis. The 
experts were recruited on the authors opinions who was 
suitable but also depending on personal interest from the 
experts.

Three sessions of structured discussions was employed 
to reach a consensus among a panel of experts regard-
ing the ATT, where the collective opinion of the group 
is deemed stronger than that of each individual [20]. An 
expert is known to be a specialist in their field, an individ-
ual who has knowledge on a specific matter [21, 22]. Dur-
ing the three sessions, the discussions was structured as 
follows: each definition and trigger were analysed using 
a shared screen view for language, clinical relevance, and 
user-friendliness. The document was seen by all experts, 
and the removal, adaptation, or combination of triggers 
was done instantly. Each correction was approved by the 
experts before moving on to the next trigger. The session 
was video recorded so that the session would be viewable 
again and the corrections were emailed to the experts 
with the ability to give written feedback. Consensus was 
considered achieved when all experts had approved the 
ATT via email, and no further feedback was provided by 
them in writing.

Fig. 1  Flow chart of the development process of the EMS trigger 
tool. EMS, emergency medical services. RRR, retrospective record 
review
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Step 3. RRR process and Review teams
The measurement of patient safety with TTs requires 
access to patient records. In this light, review teams con-
sisting of an RN and an MD were formed, where the RN 
starts with a primary review of the patient record with 
guidance of a list of triggers. A trigger can be a clue that 
an incident has occurred. Each trigger comes with a defi-
nition containing criteria that need to be fulfilled for the 
trigger to be considered positive.

The RN searches the records for positive triggers, 
reviews them for a potential incident, and classifies the 
incident according to the three first steps (AB, C, D) of 
the NCC MERP [17]. Records with an incident graded 
C and D undergo a secondary review by the MD, who 
assesses them for an HI. If an HI is found, the MD clas-
sifies it according to the last five steps (E, F, G, H, I) of 
the NCC MERP. The MD also classifies the type of HI 
and whether it is preventable by using the following scale: 
(1) ‘not preventable’; (2) ‘probably not preventable’; (3) 
‘probably preventable’, and (4) ‘certainly preventable’.

The three EMS organizations each formed a review 
team consisting of a MD and a RN. The MD was in medi-
cal charge of their organization, and the RN had extensive 
experience of working in the EMS within this organiza-
tion. One organization used two RNs having comparable 
experience in working in the EMS in the primary review.

In a pilot study before session two of the structured dis-
cussions, two review teams from two different organiza-
tions randomized 150 records and performed an RRR to 
gain experience in using the ATT.

Before session three of the structured discussions, 
three review teams from different organizations rand-
omized 900 records and performed an RRR to further 
evaluate the ATT and to receive frequencies of positive 
triggers and incidents from their organizations. Before 
the RRR the review teams received training in how to 
extract and randomize data, how to use the ATT within 
Microsoft Access®, definitions of common terminology 
regarding a TT (e.g. positive trigger, NM, NHI, and HI), 
and examples with fictitious records. The reviewers had 
no previous experience in using a TT.

The criteria for inclusion in both RRR was 
age ≥ 18  years and a primary mission where a patient 
assessment takes place. Children were excluded in this 
study because several studies have shown that different 
triggers are required to study the paediatric population in 
EMS [23, 24]. There are plans to develop a set of triggers 
adapted for children.

Analysis
The positive triggers, NMs, NHIs, and HIs were pre-
sented in a frequency-based manner according to both 
the WHO and the NCC MERP. Each member of the 

review teams graded the triggers according to clinical 
relevance, comprehensibility, and utility with a 4-point 
Likert scale, where 1 = not relevant, 2 = somewhat rel-
evant, 3 = quite relevant, and 4 = highly relevant after the 
RRR. The item-level content validity index (I-CVI) was 
calculated for each trigger by summing the number of 
reviewers grading trigger 3 or 4 and divided by the total 
number of reviewers. I-CVI of 0.80 or higher was consid-
ered highly relevant [25]. The positive predictive value 
(PPV) was calculated for each trigger by how many times 
the trigger resulted in a near miss, no harmful or harmful 
incident divided by the total times the trigger was found 
multiplied by 100 [26]. The Mersenne Twister algorithm 
was used for randomizing the records [27].

Two sessions of independent inter-rater reliability (IRR) 
tests between two primary reviewers were conducted, 
with the triggers serving as the variable for testing. 
The total outcome of positive triggers was summed up 
and analysed in a confusion matrix with Cohen’s kappa 
(Table  3) [28]. Kappa values of 0.21–0.40, 0.41–0.60, 
0.61–0.80, and 0.81–1.00 were respectively considered 
fair, moderate, substantial, and almost perfect [29]. The 
ATT produces an overrepresentation of negative triggers 
when no incidents have occurred and creates a preva-
lence problem which causes Cohen’s kappa to be low [28, 
30]. Therefore, Cohen’s kappa was complemented with a 
prevalence-adjusted and bias-adjusted kappa (PABAK) 
[30]. The interpretation of PABAK and Cohen’s kappa is 
the same [31]. All analyses were performed with R studio 
version 2023.03.0 + 386.

Results
Literature review
The review of previous TTs from SKR and the literature 
search using PubMed, Cinahl and Medline revealed 32 
triggers (refer to supplement 1 and 2). The structure of 
the ATT was constructed to be the same as that of pre-
vious TTs from SKR, and each of the 32 triggers was 
defined and received definition for the trigger to be 
positive.

Structured discussion session one
The 32 triggers and definitions were emailed to the five 
experts two weeks before the planned session. After ses-
sion one, a total of ten triggers were removed, reducing 
the number to 22. This was achieved by removing clini-
cally irrelevant triggers or combining several triggers into 
one. These excluded triggers concerned areas that were 
either fully covered by other triggers after modifying their 
definition or were outside the scope of EMS. The major-
ity of the removed triggers were related to EMS organi-
zational quality aspects and were deemed beyond the 
scope of the EMS trigger review within the EMS record. 
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Examples include triggers related to resource allocation, 
dispatch actions, or inactions (refer to supplement 2).

RRR with 150 records
To receive feedback from the clinical professionals 
regarding the 22 triggers, they were evaluated with RRR 
in clinical practice. Two EMS organizations formed 
review teams consisting of an RN as a primary reviewer 
and an MD as a secondary reviewer. The review teams 
were asked to use the ATT when reviewing randomized 
records from their organization. The aim of the review 
teams was to evaluate the clinical relevance, utility, and 
comprehensibility of the ATT in a clinical setting but 
also the usability of the digital database. The teams also 
documented time in minutes for each record reviewed. 
The ATT presented the following top three positive trig-
gers from the 150 records, B1 Deviations from treatment 
guidelines in 47 (31%), A1 Incomplete documentation in 
33 (22%) and B6 The patient is non conveyed after EMS 
assessment in 34 (22.7%). The review time was median 
5 min per record with a range from 2 to 18 min. These 
experiences and result showed that the method was fea-
sible, and the digital database was sufficient which served 
as a foundation for the next session of discussion.

Structured discussion session two
Session two consisted of members of the review teams 
from the RRR with 150 records. The review teams used 
their knowledge, experience, and result from the previ-
ously performed RRR to further adapt the definitions of 
the triggers. This round resulted in changes in trigger 
definitions; however, no trigger was removed or added 
for example A1 Incomplete documentation received five 
criteria to be considered positive and B5 Inconsistency 
between the EMS clinicians and emergency physicians 
assessment and triage received criteria to be positive 
if the patient were taken from the ED to definitive care 
(thrombolysis, percutaneous coronary intervention, 
intensive care) directly after the physicians assessment. 
(refer to supplement 2).

IRR session one based on 90 records
The first session of IRR testing between two primary 
reviewers was carried out on 90 records (Table  1). 
Cohen’s kappa k = 0.5 and PAPAK k = 0.89.

RRR with 900 records
The final use of the ATT consisted of three EMS organi-
zations, where each organization formed review teams. 
The RNs categorized the records meeting the inclusion 
criteria by each month and randomized 25 per month 
in subject for review; 300 records per organization were 
used. Table  2 lists the demographics, and Table  3 lists 
the frequencies of positive triggers with PPV grouped by 
incidents, and Table 4 lists the classification of incidents 
according to the NCC MERP and WHO. Nine records 
were excluded from one mixed organization for not 
meeting the inclusion criteria. After the RRR, the mem-
bers of the review teams received an online form consist-
ing of the 4-point Likert scale in order to calculate I-CVI 
for each trigger presented in Table 5.

IRR session two based on 90 records
In the second session of IRR testing, the same primary 
reviewers as those in the previous session conducted an 
RRR of the same 90 records, producing Cohen’s kappa 
k = 0.3 and PAPAK k = 0.88 (Table 1).

Structured discussion session three
In session three, both the experts and review teams (in 
total 12) were invited for a video meeting. Because of dif-
ficulties in gathering both the panel of experts and review 
teams, this round was divided into two groups with 10 
participants. Two weeks before the session was sched-
uled, the experts and review team members received the 
frequencies from the previous RRR, including the I-CVI 
and IRR results. In this round, the number of triggers was 
reduced to 18 (refer to supplement 2), and the process of 
categorizing incidents was altered as follows. The primary 
examiner decided whether positive triggers in the patient 
records contributed to an incident, number of incidents, 
and whether the incident affected the patient with a risk 
of harm or not. Incidents that did not affect the patient 

Table 1  IRRa between two primary reviewers’ triggers when reviewing identical patient records (n = 90)

a Inter-rater reliability
b Registered nurse
c Prevalence-adjusted and bias-adjusted kappa

Session one RNb 1 Session two RNb 1

Positive Negative Positive Negative

RNb 2 Positive 59 69 RNb 2 Positive 31 53

 Negative 34 1818  Negative 60 1836

Cohen’s D 0.5 Accuracy 0.95 PABAKc 0.89 Cohen’s D 0.3 Accuracy 0.94 PABAKc 0.88
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or entail any risk of harm were classified according to the 
categories AB and C by the primary reviewer. An inci-
dent with a risk of the patient being harmed is secondary 
reviewed by a MD and no classification of the incident 
is made by the primary reviewer but left to the second-
ary reviewer. The secondary reviewer assessed incidents 
with a risk of harm and decided whether the patient was 
harmed or not. If the patient was not harmed, catego-
ries AB, C, and D were used. If the patient was harmed, 
the type of harm and degree of severity were assessed 
according to the categories E to I. Refer to supplement 3 
for a translated manual of the final ATT.

Discussion
Three structured discussion sessions were conducted 
with an expert panel, complemented by RRR, to develop 
the ATT. In this study, the sessions were held via video 
meetings, with trigger definitions displayed on a shared 
screen. The moderator made real-time changes to the 
document in consensus with the panel of experts. Several 
methods exist to achieve consensus among expert panels, 
with one of the most commonly used being the Delphi 
technique [32]. Anonymity is a key feature of conducting 
a Delphi survey, as it is argued to mitigate biases caused 
by hierarchy or individual dominance within the expert 

Table 2  Demographics of the retrospective record review (n = 891)

Mixed organization 1
(n = 300)

Mixed organization 2
(n = 291)

Urban organization 
(n = 300)

Age Median (quantile)a 73 (52–81) 69 (49–81) 63 (41–79)

Sex n (%)
   Female 152 (50.7) 154 (52.9) 155 (51.7)

   Male 148 (49.3) 137 (47.1) 145 (48.3)

Dispatcher priority n (%)
   Prio 1b 138 (46) 106 (36.4)a 118 (39.3) 

   Prio 2 150 (50) 169 (58.1) 166 (55.3)

   Prio 3 12 (4) 15 (5.2) 16 (5.3)

Prehospital triage colour according to RETTS-Acn(%)
   Red 23 (7.7) 35 (12) b 26 (8.7) a

   Orange 115 (38.3) 91 (31.3) 67 (22.3)

   Yellow 108 (36) 91 (31.3) 111 (37.0)

   Green 54 (18) 51 (17.5) 54 (18)

   Blue 0 (0) 3 (1.0) 2 (0.7)

Initial assessment of level of care n (%)
   Hospital 251(84) 225 (77.4) c 209 (69.7)

   Stay on scene 49 (16) 65 (22.3) 91 (30.3)

Mode of transport to hospital n (%)
   Ambulance 248 (83) 216 (74.2) c 183 (61)

   Patient transport 1 (0.003) 1 (0.3) 13 (4.3)

   Seated transport 1 (0.003) 2 (0.7) 9 (3)

   Single responder 0 (0.0) 0 (0.0) 3 (1)

   Own transportation 1 (0.003) 6 (2.1) 1 (0.3)

Top five prehospital field assessment according to RETTS-Acn(%)
   Respiratory distress/dyspnoea/breath-
ing difficulties

32 (10.7) 35 (12.0) 20 (6.7)

   Chest thoracic pain 23 (7.7) 32 (11.0) 34 (11.3)

   Abdominal/flank pain 17 (5.7) 24 (8.2) 22 (7.3)

   Injury/head trauma 15 (5.0)  12 (4.1) 16 (5.3)

   Infection 15 (5.0) 25 (8.6) 21 (7.0)

   Dizziness 14 (4.7) 14 (4.8) 11 (3.7)
a 25th and 75th quantiles
b Prio 1 (lights and sirens)
c Rapid Emergency Triage and Treatment 
System-Adult

a 1 missing
b 20 missing
c 1 missing

a 40 missing
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Table 3  Positive triggers and Positive predictive value (PPV) for each trigger grouped by near miss, no harmful incident and harmful 
incident after reviewing patient records in the three EMS organizations (n=891)

Positive triggers 
detected in 
primary review 
n (%)

Positive trigger 
related to near 
miss n 

PPV near 
miss (%)

Positive trigger 
related to no 
harmful incident 
n

PPV  no 
harmful 
incident (%)

Positive trigger 
related to harmful 
incident n

PPV harmful 
incident (%)

A1 Incomplete 
documentation

128 (14.4) 118 92,1 7 5,4 0 0

A2 Response time 
>20 min priority 1 
(lights and sirens)

26 (2.9) 21 80,7 1 3,8 1 3,8

A3 Time on site 
>10 min in case 
of life-threatening 
conditions 

19 (2.1) 16 84,2 0 0 0 0

A4 Weather 
and environment 
affect patient care 

0 (0) 0 0 0 0 0 0

A5 Breakdown 
or faulty/missing 
equipment

6 (0.7) 6 100 0 0 0 0

A6 Shortage 
of ambulance 
resources

3 (0.3) 3 100 0 0 0 0

A7 Other 0 (0.0) 0 0 0 0 0 0

B1 Deviations 
from treatment 
guidelines

271 (30.4) 238 87,8 24 8,8 1 0,3

B1A Assessment/
Interventions 
according to SX-
ABCDE a

96 (10.8) 84 87,5 11 11,4 1 1,0

B1B Assessment/
Interventions 
in specific condi-
tions 

24 (2.7) 16 66,6 8 33,3 0 0

B1C Absence 
of measured vital 
signs

70 (7.9) 60 85,7 6 8,5 0 0

B1D Absence 
of relevant clinical 
examination

144 (16.2) 131 90,9 9 6,25 0 0

B2 Physical harm 
during patient 
transport

0 (0.0) 0 0 0 0 0 0

B3 Deterioration 
of Patients Condi-
tion during Trans-
port

1 (0.1) 1 100 0 0 0 0

B4 Telephone inter-
preter has not been 
used in case of lan-
guage deficiency

12 (1.3) 10 83,3 1 8,3 0 0

B5 Inconsistency 
between the EMS 
clinicians and emer-
gency physicians 
assessment and tri-
age

8 (0.9) 4 50 4 50 0 0

B6 The patient 
is non conveyed 
after EMS assess-
ment 

185 (20.8) 102 55,1 5 2,7 1 0,5
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panel [33]. However, the technique has been modified in 
various ways, leading to questions regarding its method-
ology [34, 35].

The original methodology employs a paper-based 
approach, where questionnaires are distributed to a panel 
of experts [20]. The researcher analyzes the responses to 
generate statements and questions, which are then rated 
by the experts in subsequent rounds [32]. The original 
Delphi has been suggested to be ineffective and error-
prone [36].

The methodology used in this study has been suc-
cessfully employed in previous studies for developing 

TTs [26, 37]. We identify several advantages with this 
methodological approach compared to conducting a 
traditional Delphi survey. In Sweden, there is a limited 
number of experts regarding the use of trigger tools, 
especially within the context of EMS. While the size of 
a traditional Delphi panel can vary from 10 to 1000 [33], 
there is no standard number [38]. In this study, experts 
were selected based on personal invitations from the 
author using specific criteria (refer to the method sec-
tion), which may impact the homogeneity of the group. 
A diverse group may lead to a broader discussion, 
whereas a homogeneous group may result in more reli-
able outcomes, depending on the study’s aim [33]. How-
ever, including experts who are not knowledgeable about 
patient safety and the use of trigger tools in EMS could 
potentially negatively influence the identification of trig-
gers by excluding those that may identify incidents. We 
believe that the panel size, complemented by literature 
review RRR in this study, was sufficient to develop a com-
prehensive TT covering most aspects of patient safety 
incidents in EMS.

The use of video meetings to conduct structured dis-
cussions was considered a strength as it allowed experts 
from various geographical locations to participate, thus 
enabling a higher degree of participation and reducing 
dropouts. While face-to-face discussions lacked anonym-
ity, literature suggests that complete anonymity is chal-
lenging to achieve since the researcher knows the experts 
and there may be different relations between the experts 
not known by the researcher [34]. Due to the complexity 
of the triggers and definitions, we believe that there was 

Table 3  (continued)

Positive triggers 
detected in 
primary review 
n (%)

Positive trigger 
related to near 
miss n 

PPV near 
miss (%)

Positive trigger 
related to no 
harmful incident 
n

PPV  no 
harmful 
incident (%)

Positive trigger 
related to harmful 
incident n

PPV harmful 
incident (%)

B6 Patient return 
within 72 h

28 (15.1) 19 67,8 4 14,2 1 3,5

B7 Alternative 
mode of transport 
to definitive care 

32 (3.6) 13 40,6 0 0 0 0

B8 Ambulance 
destination devi-
ates from local 
guidelines

2 (0.2) 1 50 1 50 0 0

L1 Unfavourable/
Inappropriate drug 
treatment

2 (0.2) 0 0 2 100 0 0

L2 Mix-up of drugs 0 (0.0) 0 0 0 0 0 0

L3 Shortage 
of medicines due 
to absence/expiry 
date

0 (0.0) 0 0 0 0 0 0

a  Scene safety, eXanguinating bleeding, Airway, Breathing, Circulation, Disability, Exposure

Table 4  Classification of incidents after reviewing patient 
records in the three EMS a organizations (n = 891)

a Emergency Medical Services
b National Coordination Council for Medication Error Reporting and Prevention 
index
c World Health Organization

Incidents according to 
NCC MERPbn (%)

Incidents according 
to WHOcn (%)

No incident 492 (55.2)

AB 364 (40.9) Near miss 364 (40.9)

C 29 (3.3) No harm incident 33 (3.7)

D 4 (0.4)

E 1 (0.1) Harmful incident 2 (0.2)

F 0 (0.0)

G 1 (0.1)

H 0 (0.0)

I 0 (0.0)
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an advantage in discussing the triggers face-to-face in a 
qualitative manner, rather than making them quantifiable 
using surveys. We utilized RRR as a quantitative compo-
nent to gain clinical experience with the ATT to be used 
later in the structured discussions.

Face-to-face discussions are also utilized in other 
methodologies such as focus groups or the nominal 
group technique [39, 40]. The lack of anonymity also 
appears to motivate experts to participate in the sessions 
[41]. Experts and review teams participating in the struc-
tured discussions were given the opportunity to provide 
written feedback individually after the meeting, allowing 
for corrections if issues regarding lack of anonymity were 
present during the discussions. Our experience from the 
current discussions is that no member dominated the 
discussion, and all were given the opportunity to express 
their opinion. The written feedback provided less input to 
the TT compared to the structured discussions.

The use of a TT comes with reliability issues between 
the reviewers, and studies have shown that even experi-
enced review teams will review records differently [42]. 

The IRR also seems to decrease if the triggers are subjec-
tive [43]. To increase the IRR, it is recommended to use 
team training, a two-way review process, and reviews in 
consensus instead of independently [44, 45]. This study 
used team training, a two-way review process, as well as 
a manual with definitions of the triggers to increase the 
IRR.

The most common triggers identified in the records 
were incomplete documentation, deviation from guide-
lines, and termination of patient care after the EMS cli-
nician’s assessment. Incomplete documentation was 
found in 14% of patient records; although it might not 
contribute to an HI, it contributes substantially to NM, 
thus emerging as an important area for improvement in 
the EMS. One study [46] simulated the actions of EMS 
clinicians during medical or traumatic emergency care 
of a patient. The video-recorded actions were later com-
pared with the documentation, and they revealed missing 
documentation in 22% of medical cases and 14% of trau-
matic cases. Incomplete documentation could be caused 
by several reasons; a study has shown that incomplete 

Table 5  Triggers with I-CVI a after reviewing patient records in the three EMS b organizations (n=891)

a  Item-level Content Validity Index
b  Emergency Medical Services
c  Scene safety, eXanguinating bleeding, Airway, Breathing, Circulation, Disability, Exposure

Clinical relevance 
(CVI)

Comprehensibility (CVI) Utility (CVI)

A1 Incomplete documentation 1.00 1.00 1.00

A2 Response time >20 min priority 1 (lights and sirens) 0.66 1.00 0.83

A3 Time on site >10 min in case of life-threatening conditions 0.66 1 0.66

A4 Weather and environment affect patient care 0.33 0.83 0.33

A5 Breakdown or faulty/missing equipment 1 0.83 0.83

A6 Shortage of ambulance resources 0.66 0.66 0.5

A7 Other 0.83 0.5 0.5

B1 Deviations from treatment guidelines 1 1 1

B1A Assessment/Interventions according to SX-ABCDE c 1 1 1

B1B Assessment/Interventions in specific conditions 1 1 1

B1C Absence of measured vital signs 0.83 1 0.83

B1D Absence of relevant clinical examination 1 0.83 1

B2 Physical harm during patient transport 0.66 1 0.83

B3 Deterioration of Patients Condition during Transport 0.66 0.83 0.83

B4 Telephone interpreter has not been used in case of language deficiency 0.66 0.83 0.66

B5 Inconsistency between the EMS clinicians and emergency physicians assess-
ment and triage

1 0.83 1

B6 The patient is non conveyed after EMS assessment 1 0.83 0.83

B6 Patient return within 72 h

B7 Alternative mode of transport to definitive care 1 1 1

B8 Ambulance destination deviates from local guidelines 1 1 1

L1 Unfavourable/Inappropriate drug treatment 1 1 1

L2 Mix-up of drugs 0.83 0.83 0.66

L3 Shortage of medicines due to absence/expiry date 0.66 0.83 0.5
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documentation poses a risk of errors when transferring a 
patient from the EMS to the emergency department (ED) 
because of differences in the verbal report and what is 
later recorded [47].

Deviation from guidelines was found in 30% of records 
and was further categorized as assessment/interven-
tions according to SX-ABCDE (Scene safety, eXanguinat-
ing bleeding, Airway, Breathing, Circulation, Disability, 
Exposure), where (11%) of the deviations were found, 
along with absence of measured vital signs (8%), and 
absence of relevant clinical examination (16%). One 
record could have several positive triggers in the catego-
rization of deviation from guidelines which affect patient 
care negatively. The assessment/interventions according 
to SX-ABCDE was positive if the EMS examiner failed to 
assess the scene safety or the patient’s XABCDE or failed 
to address issues according to the algorithm. The ABCDE 
approach is widely accepted by expert consensus in the 
medical, surgical, and anaesthetics field to improve the 
quality and speed of patient treatment [48].

The absence of measured vital signs was positive if the 
record failed to display the common vital signs, rate of 
breathing, saturation, blood pressure, pulse, and tem-
perature. Blood-glucose was added if indicated for loss 
of consciousness or seizures. A study of non-conveyed 
patients showed vital signs data was missing in 6%–19% 
of patient records [49]. Studies have shown that both a 
lack of on-scene vital signs for trauma patients and a fail-
ure to notice deviations of vital signs at the ED were asso-
ciated with increased mortality [50–52].

The absence of relevant clinical examination was posi-
tive if a patient did not receive appropriate examination 
in relation to the chief complaint. For example, if the 
patient’s chief complaint was chest pain and they were 
not examined with an ECG, or the chief complaint was 
abdominal pain but they did not receive an abdominal 
examination (e.g. auscultation, palpation). The prehos-
pital ECG showed abnormalities in 19% of cases in com-
parison with the ECG at the ED, thus potentially affecting 
the prospective care of the patient [53, 54].

The trigger ‘patient care is terminated after the ambu-
lance nurse’s assessment’ was found in 20.8% of cases, 
and the trigger ‘patient contacted the ambulance or ED 
within 72 h for the same symptoms’ was found in 15.1% 
of cases, which correlates with previous findings [1, 55].

The reviewers identified HI in two records (0.2%), NHI 
in 33 records (3.7%), and NM in 366 records (40.6%). A 
previous study [2] reported a frequency of 4.3% (46 out 
of 1080) in prehospital records using a different terminol-
ogy with the AE potential for harm (43 out of 1080) and 
AE with harm identified (3 out of 1080). The different 
terminology used makes it difficult to make direct com-
parisons between the results of the studies; however, the 

HI in this study shows a similar result as AE with harm 
identified in the previous study.

Strengths and limitations
To our knowledge, this is the first study of EMS in which 
positive triggers are evaluated by a primary and second-
ary reviewer according to the NCC MERP [17]. This ena-
bles the categorization of the triggers into NMs, NHIs, 
and HIs according to the WHO, which could serve as a 
foundation for improvement within a given EMS organi-
zation [18].

One limitation in this study could be the number of 
participants of 12 which could affect the results in not 
recognizing possible areas of risk for patient safety in the 
prehospital environment. One limitation in reviewing 
records from the own organization thus creates a risk for 
underestimating the occurrence of positive triggers, NHs, 
NHIs, and HIs. Another limitation could be the failure to 
include a rural organization with a longer time of trans-
port to participate. None of Sweden’s rural organizations 
agreed to participate in this study.

Conclusions
The EMS environment poses significant risks to patient 
safety, yet it remains inadequately studied. Conventional 
incident reporting systems often fall short in captur-
ing these risks, necessitating a multifaceted approach to 
enhance patient safety. Our study introduces a tailored 
trigger tool for EMS, demonstrating its potential in iden-
tifying safety-threatening incidents. This tool provides 
a foundation for future research, offering a systematic 
means of incident detection and refinement. Beyond its 
immediate utility in incident detection within EMS, the 
trigger tool engenders a framework conducive to ongoing 
refinement and elucidation of trigger parameters and def-
initions, thus facilitating a deeper understanding of safety 
dynamics within the EMS.
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