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Abstract

to AEs in prehospital care.

medical service (EMS) crew.

to avoid.

Background: Prehospital emergency care has developed rapidly during the past decades. The care is given in a
complex context which makes prehospital care a potential high-risk activity when it comes to patient safety. Patient
safety in the prehospital setting has been only sparsely investigated. The aims of the present study were 1) To
investigate the incidence of adverse events (AEs) in prehospital care and 2) To investigate the factors contributing

Methods: We used a retrospective study design where 30 randomly selected prehospital medical records were
screened for AEs each month in three prehospital organizations in Sweden during a period of one year. A total of
1080 prehospital medical records were included. The record review was based on the use of 11 screening criteria.

Results: The reviewers identified 46 AEs in 46 of 1080 (4.3%) prehospital medical records. Of the 46 AEs, 43 were
classified as potential for harm (AE1) (4.0, 95% Cl=2.9-54) and three as harm identified (AE2) (0.3, 95% Cl=0.1-0.9).
However, among patients with a life-threatening condition (priority 1), the risk of AE was higher (16.5%). The most
common factors contributing to AEs were deviations from standard of care and missing, incomplete, or unclear
documentation. The most common cause of AEs was the result of action(s) or inaction(s) by the emergency

Conclusions: There were 4.3 AEs per 100 ambulance missions in Swedish prehospital care. The majority of AEs
originated from deviations from standard of care and incomplete documentation. There was an increase in the risk
of AE among patients who the EMS team assessed as having a life-threatening condition. Most AEs were possible
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Background
Patient safety among those who require care within a
hospital environment has attracted a great deal of atten-
tion following the Institute of Medicines’ report, To err
is human, in 2000 [1]. Even though the incidence of
adverse events in hospital settings is relatively well
known [2], hospital patient safety research struggles to
find methods for identifying adverse events and prioritiz-
ing effective patient safety interventions [3, 4].

The patient safety in the prehospital setting is even less
well documented. A report from the National Patient
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Safety Foundation [5] pointed at the slow progress in pa-
tient safety research and the lack of research outside the
hospital setting. Thus the knowledge gap is huge.

A number of factors highlight the urgent need for fur-
ther exploring how the assessment and care that is offered
by health care providers before arrival in hospital influ-
ence patient safety among those who call for Emergency
Medical Service (EMS) (see Additional file 1: Table S1 for
examples). This is partly explained by the fact that during
the past decades, with differences between organizations,
prehospital care has been transformed from a transport
organization to an integrated part of the health-care sys-
tem [6]. The rapid transition of prehospital care poses
great challenges for the involved organizations in terms of
education, equipment, methods and decision support. In
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addition to advanced care for critically ill or injured pa-
tients [7], the EMS clinicians make decisions on the level
of care for other patients; to stay at home with self-care
advice [8], to be transported to primary care [9], to be
transported to the nearest emergency department (ED) or
to bypassing the ED to be transported directly to a special-
ist assessment or treatment within the hospital [10]. Ex-
amples of the latter group are patients who suffer from
stroke and myocardial infarction. A limited recognition of
these diseases in the prehospital setting may delay the
time to reperfusion and thereby increase the risk of exten-
sive damage to the brain or the myocardium.

Prehospital care is a potentially high-risk activity. The
EMS clinicians assess patients of all ages with medical
conditions of all kinds and sometimes with a limited
capability to communicate. Care is given in sometimes
difficult environments, 24 h a day and generally far from
medical support [11, 12]. The complex context poses
many barriers to effective research [13]. The prehospital
organizations also have problems identifying, reporting
and disclosing adverse events [14, 15].

Based on this background, the goal of the present
study was to make a contribution to prehospital patient
safety research with the following aims:

1) To investigate the incidence of adverse events in
prehospital care.

2) To investigate the factors contributing to adverse
events in prehospital care.

Method

Design

We used a retrospective study design of prehospital medical
records from three prehospital organizations in Sweden be-
tween 1 Jan and 31 Dec 2016. As a result, 30 randomly se-
lected prehospital medical records were screened for
adverse events each month in each of the prehospital orga-
nizations. Eleven screening criteria were used for the med-
ical record review [16]. These criteria were:

1. Missing, incomplete, or unclear documentation for
the following: chief complaint, physical assessment,
vital signs, hemodynamic monitoring (e.g., ETC02),
allergies, pertinent history or medications, patient
condition at handoff of facility

2. Time from initial patient contact to transfer of care
exceeds accepted standards

3. Injury to patient or team member during patient
encounter/transport (e.g., stretcher drop, needle
stick, or other)

4. Request for additional resources, personnel, or
supervisor due to change in patient condition

5. A worsening trend (deterioration) in patient
hemodynamic or mental status indicators (e.g., vital
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signs, level of consciousness Glasgow Coma Scale
score)

6. Cardiac arrest during transport

7. Use of any of the following interventions:
cardioversion, defibrillation, transcutaneous pacing,
advanced airway attempt, surgical airway,
intraosseous access, chest decompression, chest
tube

8. Failure of any intervention or procedure during
patient care (some examples include: inability to
obtain vascular access after a reasonable amount of
time or number of attempts, failed intraosseous
access, failed nasogastric tube placement, failed
Foley placement, failed cardioversion, failed
defibrillation, failed transcutaneous pacing, failed
advanced airway or rescue airway, failed surgical
airway, failed chest decompression)

9. Use of following medications or fluids: (blood
products, vasopressors or inotropes [e.g.,
dobutamine, dopamine], naloxone, rapid sequence
intubation medications [e.g., succinylcholine])

10. Evidence suggestive of deviation from standard of
care by performing an intervention or administering
a medication that appears to be outside protocol or
failure to perform an intervention or provide a
medication that is within the standard of care

11. Medication error (e.g., administering wrong or
unapproved dose, administering wrong or
unapproved medication, administering medication
via wrong or unapproved route)

Settings

The study was conducted in three prehospital organiza-
tions in Sweden during a period of one year. The three
prehospital organizations were chosen to represent three
different types of organization; one urban environment,
with the majority of the ambulance missions having gen-
erally short transportation times. The second organiza-
tion represented a mixed area, with both rural and
urban missions, thereby including both short and long
mission times, and the last organization represented a
more rural area with longer mission times as compared
with the other two. The prehospital care was mainly
based on ground-based EMS units. There were also two
ambulance helicopters in the organizations which were
operated by a physician and a nurse. Prehospital care
given by physicians was not included in this study. The
included ambulance organizations constituted a reason-
able representation of prehospital care in Sweden (see
Table 1 for organizational differences).

Population
The ambulance personnel in the three participating or-
ganizations included registered nurses (RN), with and



Hagiwara et al. BMC Emergency Medicine (2019) 19:14

Page 3 of 10

Table 1 Demographic information on the three included emergency medical service organizations

Urban organization

Mixed organization Rural organization

Area 900 km2
Population 660,000
Population/km2 733
EMS missions/year 82419
Mission time (minutes) (median) 47
Proportion of RN 88%

6464 km?2 28,030 km2
302441 284,531

47 10

39,517 37,149

62 78

96% 89%

The data are based on the organizations’ reports from 2016
EMS emergency medical service, RN registered nurse

without specialist education in prehospital care, and
emergency medical technicians (EMT). Prehospital care
in Sweden is divided into regions and the Swedish Na-
tional Board of Health and Welfare allows the respective
region to a large extent to plan and execute prehospital
care according to its own needs [17]. In the past, ambu-
lance care was executed by EMTs with a short education
in prehospital care (20—40 weeks), but, since 2005, all
ambulances are staffed by at least one RN with medical
responsibility, in accordance with Swedish law [18]. In
Sweden, RNs have three years’ education ending up with
a bachelor’s degree. At the present time, there are no re-
quirements for a specialist nurse in prehospital emer-
gency care (with one year of additional training). An
ambulance team in Sweden may consist of the combina-
tions of RN, prehospital emergency care nurse, RN with
another specialist education such as anaesthesia or in-
tensive care and EMT [19]. The RN independently ad-
ministers around 30 different drugs according to written
guidelines and general delegation. The proportion of
RNs in Swedish prehospital care has been estimated at
68-78%. The proportion of RNs with specialist educa-
tion varies widely between regions from 20 to 85% [20].
RNs in prehospital care in Sweden are a fairly stable
group. For example, 42% of the RNs in the study popula-
tion had worked for more than ten years in prehospital
care. In this study, we use the expression “EMS clini-
cians” for all types of prehospital staff.

Inclusion and exclusion criteria

The inclusion criterion was a ground based ambulance

mission which included patient assessment and care.
The exclusion criteria were:

1) Patient < 18 years

2) Ambulance missions without patient contact

3) Ambulance missions which represented support to
another ambulance team

4) Ambulance transportation between health-care
facilities

5) Patient deceased upon EMS arrival

The reason for excluding children was that patient
safety issues among paediatric patients are unique [21]
and experience with other trigger tools has revealed that
paediatric populations frequently require different trig-
gers [22].

Materials

The sample comprised 30 prehospital records each
month based on recommendations from the Institute for
Healthcare Improvement [23]. The 30 records were se-
lected by a random number generator. The records were
first screened for inclusion and exclusion criteria. In
cases in which the records were excluded, the
randomization procedure was repeated until 30 records
which fulfilled the inclusion criterion and without exclu-
sion criteria were sampled. A total of 1080 ambulance
missions were included in the study.

Demographic data (age and gender) on the patients
were noted, together with the discharge diagnosis, time
of year and emergency priority level of the mission; pri-
ority 1 — life-threatening conditions; priority 2 — urgent
but not life-threatening conditions; priority 3 — neither
life-threatening nor urgent conditions.

When an adverse event was detected in the prehospital
record, the relevant hospital record was reviewed to de-
termine whether the adverse event was an adverse event
1 — potential for harm or an adverse event 2 — harm
identified. The definition of an adverse event was “An
adverse event in the EMS is a harmful or potentially
harmful event occurring during the continuum of EMS
care that is potentially preventable and thus independent
of the progression of the patient’s condition” [24].

The screening instrument was a trigger tool originally
designed for helicopter-based emergency care developed
by Patterson et al. [16]. We applied this trigger tool to
30 prehospital records in a pilot test. Based on this ex-
perience, it was agreed that the instrument could also be
suitable for ground-based prehospital care. The trigger
tool was translated into Swedish by a professional trans-
lator with English as his/her native language. No other
adjustments to the trigger tool were made.
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Each participating organization had one responsible
primary reviewer (N = 3). These reviewers were all active
ambulance nurses working in the organization with
knowledge of the particular organization’s routines, pro-
cesses, medical record systems and guidelines. In
addition to the three primary reviewers, the review team
consisted of two researchers/ prehospital emergency care
nurse, one cardiologist and one anaesthesiologist. The
three primary reviewers had one initial rater-training
session that lasted for three hours. The complete review
team had four sessions during the study period. During
the meetings, experiences were exchanged between the
reviewers and difficult medical records were discussed
and resolved by consensus in the team. Outside the four
official meetings, the three primary reviewers had con-
tinuous contact during the study period via mail and
telephone. All medical records which included any ad-
verse event (adverse event 1 or adverse event 2) were
screened and discussed in the complete review team and
the final decision was made through consensus meetings
during the study period.

To assess inter-rater reliability, the three primary re-
viewers independently reviewed the same thirty records
from one month. The review took place in their respective
home offices without any communication during the
review.

The prehospital record screening process was conducted
in three steps. In the first step, the reviewer used a list of 11
triggers. A trigger is not by definition an adverse event. The
function of the trigger is to alert the rater to something that
might point to an adverse event. If any triggers were found
in the first step, they were classified in five different cat-
egories in the next step. Category 1: The trigger was the re-
sult of action(s) by the patient. Category 2: The trigger was
the result of action(s) or inaction(s) by the crew. Category
3: Failure of the equipment, failure to troubleshoot and cor-
rect common problems with the equipment, or failure to
remove defective equipment from service. Category 4: Fac-
tors that may result from weather conditions or factors on
the ground/at the scene (or other). Category 5: The prox-
imal cause of the trigger (regardless of severity) cannot be
determined by the information available in the chart. In the
last step, the trigger was categorized by severity; adverse
events 1 = adverse events present — potential for harm but
there is no evidence that any harm occurred or adverse
event 2 = adverse event present — harm was identified re-
gardless of severity. One or more triggers can point to the
same adverse event.

More information on the study can be found in a previ-
ously published study protocol [25].

Statistical analysis
All the data were recorded in a database designed for
this project. Data are presented as the mean (standard
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deviation (SD)), ratio, frequencies (percent, 95% confi-
dence interval [CI])) or unadjusted odds ratios (OR, 95%
CI). We used cross-tabulation to assess the distribution
of the trigger number and category number of the inde-
pendent variables with the dependent variables adverse
event 1 and adverse event 2, as well as to assess the dis-
tribution of the independent variables of gender, age,
discharge diagnosis group, time of year, EMS organiza-
tion and priority levels with the dependent variable ad-
verse event (adverse event 1 and adverse event 2
combined). We constructed two univariate logistic re-
gression models with the dependent variable adverse
event and the independent variables triggers 1-11 and
categories 1-5. For the more exploratory variables of
gender, age, discharge diagnosis group, time of year,
EMS organization and EMS priority, a univariate logistic
regression model was constructed for each variable and
significant variables (p <0.05) were then included in a
multivariate model with the forward conditional method.
The model calibration analysis was carried out with
Hosmer-Lemeshow statistics. A P value of <0.05 was
regarded as statistically significant.

The degree of agreement between reviewers on
whether or not the medical records indicated an adverse
event was determined by Light’s kappa [26]. Kappa was
computed for each coder pair and then averaged to pro-
vide a single index of inter-rater rating, IRR.

For all statistical analyses and data processing, the SAS
package, version 9.1, and the SPSS 21.0 statistical software
program (SPSS Inc., Chicago, IL) were used.

Results

During the study period, the prehospital organizations
had 159,085 ambulance missions. Of them, 107,968 were
primary missions that included patient contact and pa-
tient assessments. Of the primary missions, 78% of the
patients were transported to a health-care facility and
the rest (22%) stayed on the scene with self-care advice
or were referred to primary care. During the sampling
process, 1664 prehospital medical records were col-
lected. Of them, 584 (35%) medical records were ex-
cluded because of exclusion criteria (Fig. 1). The
reviewers gathered complete data from 1080 prehospital
medical records and, for those transported to hospital,
the associated hospital medical records. Among the in-
cluded patients, 49% were women. The patients’ mean
age was 64 years (SD =22). The mean of the total pre-
hospital time (from dispatch to hand-over) was 57 min
(SD =25), the mean time from dispatch to first patient
contact was 16 min (SD=9) and the mean on-scene
time was 24 min (SD=17). The inter-rater reliability
analysis between the reviewers showed x=0.74 (good
agreement).
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prehospital medical
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n=360

Medical records reviewed
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n=360

Fig. 1 Flow chart showing the inclusion process of prehospital records for review

Potential for harm (adverse event 1) and harm identified
(adverse event 2)

The reviewers identified 46 medical records with adverse
events. Only one adverse event was detected per affected
patient. These patients constituted 4.3% of the total sam-
ple. Of the 46 adverse events, 43 were classified as poten-
tial for harm (adverse event 1) (4.0, 95% CI = 2.9-5.4) and
three as harm identified (adverse event 2) (0.3, 95% CI =
0.1-0.9).

Trigger origin for cases with adverse events

The two most used triggers which identified an adverse
event were 1) T10; Evidence suggestive of deviation from
standard of care by performing an intervention or ad-
ministering a medication that appears to be outside
protocol, or failure to perform an intervention or provide
a medication that is within the standard of care and 2)
T1: Missing, incomplete, or unclear documentation. Two
triggers were associated with a significant increased risk
of adverse events: T2; Time from initial patient contact
to transfer of care exceeds accepted standards, with an
OR of 7.9 (95% CI =3.0-20.1), and T10; with an OR of
20.8 (95% CI =9.3-55.9). In Table 2, the association be-
tween each trigger and the risk of an adverse event is de-
scribed for both adverse event 1 and adverse event 2
(Table 2).

Possible cause of adverse events

Category 2: The adverse event was the result of action(s)
or inaction(s) by the crew was the most frequent cause of
an adverse event (Table 3). A univariate logistic regres-
sion showed that the category with the highest risk of an
adverse event was Category 3: Failure of the equipment,
failure to troubleshoot and correct common problems
with the equipment, with an OR of 49.7 (95% CI =5.8—
359.8). The second highest odds for an adverse event
was Category 2 with an OR of 4.8 (95% CI=2.2-12.8).
In Table 3, the association between patients with a trig-
ger within each of the five categories of possible under-
lying causes and the risk of an adverse event with 95%
CI is described for both adverse event 1 and adverse
event 2.

Gender, age, discharge diagnosis, time of year, EMS
organization and priority level

A multivariate logistic regression analysis including the
significant variables, EMS organization and priority dur-
ing EMS transport, in univariate models as independent
variables, shows that there was an significant increase in
OR for adverse events (adverse event 1 and adverse
event 2 combined) among patients classified as priority
1 during EMS transport (OR=6.40; 95% Cl=2.10-
19.46). The absolute risk for adverse events among pa-
tients classified as priority 1 was 16.5%. There was also
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Trigger Triggers  Triggers related to potential ~ Triggers related to harm

(n) for harm (AE 1) (n (% (95% identified (AE 2) (n (% (95%
(@))] an

T1: Missing, incomplete, or unclear documentation 652 35 (54 (3.9-7.6)) 3 (0.5 (0.1-1.5))

T2: Time from initial patient contact to transfer of care exceeds accepted 47 8(17.0 (8.1-31.3)) 1(210.1-127)

standards.

T3: Injury to patient or team member during patient encounter/transport 1 0 (0 (0-0)) 0 (0 (0-0))

T4: Request for additional resources, personnel, or supervisor due to change 3 0 (0 (0-0)) 0 (0 (0-0))

in patient condition

T5: A worsening trend in patient hemodynamic or mental status indicators 7 1 (14.3 (0.7-58.0)) 1(14.3 (0.7-58.0))

Té: Cardiac arrest during transport 4 0 (0 (0-0)) 1(25.0 (1.3-78.1))

T7: Use of any of the following interventions: cardioversion, defibrillation, 7 1 (14.3 (0.7-58.0)) 0 (0 (0-0))

transcutaneous pacing, advanced airway attempt, surgical airway,

intraosseous access, chest decompression, chest tube

T8: Failure of any intervention or procedure during patient care 9 2 (22.2 (3.9-59.8)) 1(11.1 (06-49.3))

T9: Use of following medications or fluids: blood products, vasopressors 10 1 (10 (0.5-45.9)) 0 (0 (0-0))

or inotropes, naloxone

T 10: Evidence suggestive of deviation from standard of care by performing 305 37 (12.1 (88-16.6)) 3 (1.0 (0.3-3.1))

an intervention or administering a medication that appears to be outside

protocol or failure to perform an intervention or provide a medication

that is within the standard of care

T 11: Medication error 24 4 (16.7 (5.5-38.2)) 1 (4.2 (0.2-23.1))

One AE can be connected to several triggers
AE adverse event
Cl confidence interval

an increase in OR for adverse events in the mixed EMS
organization (OR = 8.98; 95% Cl = 2.68-30.11) (Table 4).

Discussion

In comparison to hospital trigger tool studies, the
present study revealed lower frequencies of adverse
events (4.3%). The latest Swedish review of hospital pa-
tient safety reported an adverse event rate of 14% [26].
Several factors might contribute to the finding that pre-
hospital care appears to have a lower risk rate. The pre-
hospital care phase is much shorter in terms of time and
there is one clinician who can give the patient their full
attention during this period. In hospital care, the care

Table 3 Categorization of adverse events

event can last for weeks with many handovers with the
risk of communication errors, potentially dangerous sur-
gical interventions and medication treatments and the
risk of hospital-related infections. The patients in pre-
hospital care have varied levels of care needs. It has been
estimated that 16 to 52% of EMS missions are unneces-
sary [27]. This contextual difference might contribute to
the marked difference from the previously reported
adverse event prevalence. In connection with the devel-
oping process of a prehospital trigger tool, Howard et al.
[28] found an adverse event rate of 0.6/100 patient en-
counters among a sample of 159 prehospital medical
records from an ambulance organization in Qatar. The

Category Patients  Triggers  Patients related to potential for  Patients related to harm

(n) (n) harm (AE 1) (n (% (95% Cl)) identified (AE 2) (n (% (95%
an

Category 1: The AE was the result of action(s) by the patient. 68 102 344 (1.1-13.2) 0 (0 (0-0))

Category 2: The AE was the result of action(s) or inaction(s) 622 898 36 (5.8 (4.1-8.0)) 2 (0.3 (0.1-1.3))

by the crew.

Category 3: Failure of the equipment, failure to troubleshoot and 5 5 2 (40.0 (7.3-83.0)) 0 (0 (0-0))

correct common problems with the equipment

Category 4: Factors that may result from weather conditions or 0 0 0 (0 (0-0)) 0 (0 (0-0))

factors on the ground/at the scene

Category 5: The cause of the AE cannot be determined by the 40 64 2 (5.0 (0.9-182) 1(25(0.1-14.7))

information available in the chart.

AE adverse event
Cl confidence interval
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Table 4 Frequencies of adverse events in different categories (potential for harm (AE1) and harm identified (AE2) combined)

Categories Patients Adverse events
N (1,080) % /100 missions
Gender
Female 528 489 34
Male 546 506 49
Missing information 6
Age
18-39 203 188 15
40-69 323 299 56
70 + 554 513 45
Discharge diagnosis group
Traumatic injury 138 12.8 43
Neurological 134 124 3,0
Cardiovascular 134 124 8.2
Gastrointestinal and urinary tract 104 9.6 29
Infections 96 89 73
Respiratory 46 43 22
Psychiatric 43 4.0 2.3
Endocrine system 14 13 143
Intoxication 11 1.0 9.1
Gynecological 6 06 0
Other diagnoses 87 8.1 46
Patient left at home or transported to primary care 267 247 22
Time of year
January-April 360 333 22
May-August 360 333 4.8
September-December 360 333 58
EMS organization
Urban 360 333 33
Mixed 360 333 857
Rural 360 333 09
Priority to hospital
Priority 1 127 1.8 16.5°
Priority 2 550 509 24
Priority 3 168 15.6 48
No transport by EMS 206 19.1 19
Missing information 28 26

2Significant odds ratio
EMS emergency medical service

sample only included low-risk/high-frequency cases.
Meckler et al. [29] included 378 prehospital records in a
chart review of the most severely ill or injured paediatric
patients. They found unintended injuries, near misses,
suboptimal actions, errors, or management complica-
tions in 70% of the charts in that population. In an
agreement test where EMS medical director physicians

reviewed 250 prehospital medical records from a con-
venience sample, Patterson et al. [24] found adverse
events in 48% of the records.

These studies are difficult to compare with the present
study. The main reason is the study sample. The former
studies used directed sampling with paediatric patients,
patients with severe conditions or low-risk patients. The
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main conclusion from these previous studies is that ad-
verse events appeared to be more common among pa-
tients with severe conditions. This is confirmed by a study
which reviewed reports from an anonymous prehospital
reporting system. In the system, 82% of the reports
describe incidents in patients with life-threatening or po-
tentially life-threatening situations [30]. Moreover, in the
present study, patients classified as priority level 1 (life
threatening) by the EMS clinicians had a higher risk of
adverse events compared with lower priority levels.

Adherence to guidelines

There can be several reasons for deviations from guide-
lines. Previous prehospital patient safety studies have
found that bias in clinical reasoning and decision-making
is a large-scale risk for prehospital patient safety [6, 31—
34]. The reason for this could be the rapid development of
prehospital care which imposes heavy demands on the
prehospital assessment. There is a risk that prehospital or-
ganizations have not adapted to this rapid development in
educational issues, for example.

In addition to educational reasons, the lack of appro-
priate tools to support prehospital clinicians is a possible
reason for the problem with deviation from standards
[32]. Another identified issue is the lack of compliance
with protocols and guidelines [35-39]. In a systematic
review, Ebben et al. [40] found that compliance with
prehospital guidelines varied from 7.8 to 95%. The low-
est compliance was seen in cardiology treatment recom-
mendations related to myocardial infarction and cardiac
arrest and the highest compliance was found in connec-
tion with treatment recommendations related to oxygen
administration and septicaemia and to monitoring rec-
ommendations related to oxygen administration. There
are several possible reasons for poor compliance. EMS
clinicians are dependent on guidelines and protocols [11,
12] but paper-based format of the tools has been an obs-
tacle to using them explicitly in the patient assessment.
Studies have showed that compliance increases when the
same guidelines and protocols are integrated in a com-
puterized decision-support system [41, 42]. Another rea-
son for a poor compliance rate could be the lack of
control from the prehospital organization’s perspective,
since in some organizations, structured audit of the pre-
hospital records is not conducted [11].

Missing, incomplete, or unclear documentation

The quality of documentation in the prehospital medical
records has an effect on patient safety. There are some
previous indications that prehospital documentation is
problematic. For example, missing physiological data at
the scene in connection with trauma have been associ-
ated with increased mortality [43]. One study [44] found
that up to 30% of critical information in connection with
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the handover of trauma patients was lost. This also high-
lights the need for high-quality prehospital medical
records. Another study [45] found that, in most cases,
the prehospital medical records were unavailable when
critical medical decisions were made at the ED. The rea-
son was that the EMS clinicians first used a paper-based
documentation system in the field and, after handover at
the ED, they produced the final version in a digital sys-
tem. Poorly designed systems can foster errors instead of
reducing them [46].

Adverse events in prehospital care

To be able to strengthen the prehospital system, more
knowledge of the nature of adverse events in prehospital
care is needed. More research on prehospital clinical
reasoning and decision-making is also important. This
knowledge is crucial for the development of future pre-
hospital information technology. We need more know-
ledge of the effect of different education strategies and
the impact on patient safety. There is also a need to
strengthen user involvement when developing new tech-
nology and new methods for prehospital care. One way
of accomplishing user involvement is to use highly con-
textual simulation laboratories in the development and
implementation process [47, 48]. The differences be-
tween different EMS organizations found in this study
have to be further investigated.

Limitations

The present study has limitations. The risk of disagree-
ment between reviewers can lead to bias in the use of trig-
ger tools [49]. Classen et al. [50] recommend a two-stage
review process in which primary reviewers conduct the
first review, followed by two physicians who determine
the final results in consensus. Patterson et al. [51] found
that group-based consensus had greater reliability in com-
parison with an independent reviewer system. In the
present study, a mixture of independent reviews and
group-based reviews has been used to increase the reli-
ability of the study. Another method for strengthening
study design is reviewer training and tests for inter-rater
reliability.

One potential source of bias was that the primary re-
viewers reviewed the reports from their own organization.
There is a risk that they could minimize the identification
of adverse events to protect the organization and col-
leagues. To minimize this bias, we performed an IRR
measurement and re-reviewed 10% of the medical records
in a group of two other ambulance nurses. Unclear re-
cords were further reviewed by two physicians. In our
opinion, it was important that the primary reviewer had
experience of organizational routines and guidelines.

Another potential source of bias is the use of medical
records as a data source. As in all retrospective record
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review studies, adverse events that were not documented
in the medical records could not be detected. The inci-
dence of adverse events is probably underestimated
compared with direct observation [52]. The risk could
be potentially even more extensive when it comes to
prehospital care, as, on many occasions, the medical re-
cords are completed a long time after the first patient
contact [45] and there are known quality problems with
prehospital documentation [53]. It is likely that reviews
of medical records underestimate the rates of adverse
events in prehospital care. To minimize the risk of bias,
the study has been influenced by the framework formu-
lated by Kaji et al. [54].

By using a randomized sample, we included ambu-
lance missions at all urgency levels, with a large part of
the sample comprising patients with little or no need of
emergency care. These patients run a low risk of adverse
events due to their small care needs. This can lead to
underestimations of risks in prehospital health care.

It is our judgement that the present study method
poses a risk of misappraising the rates of adverse events
rather than overestimating them.

Conclusions

There were 4.3 adverse events per 100 ambulance mis-
sions in Swedish prehospital care. The majority of ad-
verse events originated from deviations from standard of
care and incomplete documentation. There was an in-
crease in the risk of adverse event among patients who
the EMS team assessed as having a life-threatening con-
dition (priority 1). Most adverse events were possible to
avoid.
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