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ABSTRACT
Background Extensive research has been conducted into 
the effects of feedback interventions within many areas of 
healthcare, but prehospital emergency care has been relatively 
neglected. Exploratory work suggests that enhancing 
feedback and follow- up to emergency medical service (EMS) 
staff might provide staff with closure and improve clinical 
performance. Our aim was to summarise the literature on 
the types of feedback received by EMS professionals and its 
effects on the quality and safety of patient care, staff well- 
being and professional development.
Methods A systematic review and meta- analysis, including 
primary research studies of any method published in peer- 
reviewed journals. Studies were included if they contained 
information on systematic feedback to emergency ambulance 
staff regarding their performance. Databases searched from 
inception were MEDLINE, Embase, AMED, PsycINFO, HMIC, 
CINAHL and Web of Science, with searches last updated on 
2 August 2022. Study quality was appraised using the Mixed 
Methods Appraisal Tool. Data analysis followed a convergent 
integrated design involving simultaneous narrative synthesis 
and random effects multilevel meta- analyses.
Results The search strategy yielded 3183 articles, with 48 
studies meeting inclusion criteria after title/abstract screening 
and full- text review. Interventions were categorised as audit 
and feedback (n=31), peer- to- peer feedback (n=3), postevent 
debriefing (n=2), incident- prompted feedback (n=1), patient 
outcome feedback (n=1) or a combination thereof (n=4). 
Feedback was found to have a moderate positive effect on 
quality of care and professional development with a pooled 
effect of d=0.50 (95% CI 0.34, 0.67). Feedback to EMS 
professionals had large effects in improving documentation 
(d=0.73 (0.00, 1.45)) and protocol adherence (d=0.68 (0.12, 
1.24)), as well as small effects in enhancing cardiac arrest 
performance (d=0.46 (0.06, 0.86)), clinical decision- making 
(d=0.47 (0.23, 0.72)), ambulance times (d=0.43 (0.12, 0.74)) 
and survival rates (d=0.22 (0.11, 0.33)). The between- study 
heterogeneity variance was estimated at σ2=0.32 (95% CI 
0.22, 0.50), with an I2 value of 99% (95% CI 98%, 99%), 
indicating substantial statistical heterogeneity.
Conclusion This review demonstrated that the evidence 
base currently does not support a clear single point estimate 
of the pooled effect of feedback to EMS staff as a single 
intervention type due to study heterogeneity. Further research 
is needed to provide guidance and frameworks supporting 
better design and evaluation of feedback interventions within 
EMS.
PROSPERO registration number CRD42020162600.

INTRODUCTION
The phenomenon of feedback is well 
researched within healthcare, including, 
for example, debriefing, patient experi-
ence feedback and feedback from incident 
reporting.1–3 The feedback type investi-
gated most frequently in clinical settings is 
audit and feedback, also known as clinical 
performance feedback, which is defined 
as: ‘any summary of clinical performance 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ Within the wider healthcare context, 
interventions based on audit and feedback 
are well researched, with systematic 
reviews suggesting that feedback results 
in small to moderate improvements to 
patient care through enhancing clinical 
performance. Existing reviews have 
not included studies within prehospital 
emergency care, despite a growing body 
of research suggesting that feedback 
to emergency medical service (EMS) 
personnel could improve staff well- being 
and patient safety.

WHAT THIS STUDY ADDS

 ⇒ This review summarises the literature on 
the types of feedback received by EMS 
personnel and its effects on quality of care 
and professional development.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ The review findings suggest that feedback 
to EMS professionals may improve 
performance and patient care; and 
highlight the need for more sophisticated 
feedback designs and robust evaluations 
within EMS.
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over a specified time period’.4 A Cochrane review 
published in 2012 suggested that audit and feedback 
results in small to moderate improvements in patient 
care by enhancing healthcare professionals’ compli-
ance with desired clinical practice.5

Patient outcome feedback is also increasingly used 
to support reflection and self- evaluation of clinical 
performance.6 This information enables clinicians 
to gain insight and knowledge, and may improve 
diagnostic ability and prompt other behaviour 
changes.7 It may also improve calibration, that is, 
the relationship between a clinician’s confidence in 
their diagnostic accuracy and the true accuracy of 
the diagnosis, thereby improving patient care and 
patient safety.6–8

Feedback and follow- up on patients and perfor-
mance is particularly difficult for emergency medical 
service (EMS) personnel. Although their work 
involves engaging and communicating with other parts 
of the health service during handover and referral of 
patients, EMS operate largely in silos with a geograph-
ically dispersed workforce delivering discrete episodes 
of care without direct supervision.9 This disconnect 
from the subsequent care team and episodic nature of 
autonomous EMS work means that EMS staff struggle 
to obtain feedback.

Extensive research has been conducted into the 
effects of feedback interventions within many health-
care settings; however, in 2012 relatively little work 
had been undertaken within EMS, as illustrated by 
the lack of EMS studies eligible for inclusion in the 
Cochrane review of audit and feedback.5 Since then, a 
growing body of literature has been published on feed-
back within EMS suggesting that enhancing feedback 
and follow- up for EMS staff might improve clinical 
performance and staff well- being,10–12 but this has not 
yet been synthesised comprehensively.

Our aim was to summarise the literature on the 
types of feedback received by EMS professionals and 
their effects on quality and safety of patient care. The 
following questions were addressed:

 ► What are the intervention types, design elements, poten-
tial mechanisms and reported effects of feedback inter-
ventions to EMS professionals?

 ► How do EMS professionals perceive current feedback 
provision?

 ► What are the reported contextual factors (eg, barriers, 
facilitators, opportunities) for effective feedback to EMS 
staff?

METHODS
The study was defined as a ‘systematic mixed studies 
review’, as preliminary searches identified important 
quantitative, qualitative and mixed- methods studies of 
relevance to the review aims.13 The review was regis-
tered on PROSPERO (CRD42020162600) and the 
protocol published a priori.14

Search strategy
The search strategy was developed in collaboration 
with an ambulance service librarian and included 
three facets: ambulance staff, feedback and feedback 
content (online supplemental appendix 1). Ovid 
(MEDLINE, Embase, AMED, PsycINFO, HMIC), 
EBSCO (CINAHL) and Web of Science were searched 
from their respective inception dates and searches last 
updated on 2 August 2022.

Study inclusion and exclusion criteria
English language primary studies of qualitative, quanti-
tative and mixed- methods methodology were included 
if they described, evaluated or discussed feedback to 
EMS professionals. Reasons for excluding non- English 
studies were pragmatic (ie, lack of funding for trans-
lation, reducing the number of retrieved articles and 
therefore screening time) and theoretical (ie, the review 
targeted the Anglo- American EMS system involving 
paramedics rather than physicians). Morrison et al15 
and Moher et al16 provided reassurance that this exclu-
sion would not introduce bias in systematic reviews 
within medicine and healthcare.

Feedback was defined as the systematic provision 
of information to EMS professionals regarding their 
performance using process metrics, patient outcome 
metrics or both types. Grey literature was excluded 
along with articles focused on automated feedback 
by devices (eg, automated external defibrillators) and 
feedback based on hypothetical data as these were 
considered distinct cases of feedback with their own 
existing literature syntheses.17–25 Educational settings 
were excluded as the review focused on real- world 
performance.

Study selection
CW independently screened the full set of titles and 
abstracts retrieved in two passes: (1) setting (prehos-
pital emergency care) and (2) intervention (feedback 
to EMS professionals). Emily Parker independently 
screened a random 10% subset and disagreements 
were resolved through discussion. Although inde-
pendent review of all search results by two reviewers 
is recommended to reduce the probability of missing 
relevant studies, dual screening a small percentage 
of records is an acceptable alternative that pragmat-
ically balances thoroughness and resource use.26 27 
Cohen’s kappa was calculated to determine the level 
of agreement between reviewers for screening (strong 
agreement for setting kS=0.85, moderate agreement 
for intervention kI=0.78). CW assessed eligibility of 
articles selected for full- text review with JB verifying 
articles excluded at this stage.

Study quality assessment
CW appraised the methodological quality of individual 
studies using the Mixed Methods Appraisal Tool.28 This 
tool allowed for the appraisal of qualitative research, 
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randomised controlled trials, non- randomised studies, 
quantitative descriptive studies and mixed- methods 
studies within a single framework. JB confirmed the 
ratings assigned to each study and disagreements were 
resolved through discussion.

Data extraction
CW performed data extraction using a compre-
hensive, standardised extraction template that was 
tested and iterated by the review team (online supple-
mental appendix 2). A second researcher (GJ, RL or 
JB) checked the data extraction forms for accuracy 
and detail for a total of 20% (n=10) of studies. CW 
contacted four authors for missing data to enable inclu-
sion in the meta- analysis, with one providing addi-
tional data, two unable to provide data due to study 
methods or governance issues and one not responding. 
We included the study where additional data were 
provided in the meta- analysis, while effect sizes of the 
remaining three studies were reported descriptively.

Data synthesis
Studies were divided into three a priori defined cate-
gories:
1. Empirical studies reporting feedback interventions with-

in EMS, subcategorised into evaluative studies and de-
scriptive case studies.

2. Empirical non- interventional studies of feedback within 
EMS.

3. Empirical studies in which feedback to EMS was one, but 
not the sole or primary focus of the study—these studies 
were not included in the analysis but are introduced in 
the discussion to highlight opportunities for enhanced 
feedback interventions.

The resulting groupings contained quantitative, 
qualitative and mixed- methods studies. As the review 
questions could be addressed by both qualitative and 
quantitative data, a convergent integrated approach 
was chosen, which involved synthesis occurring simul-
taneously (‘convergent’) and data being transformed 
to combine quantitative and qualitative data (‘inte-
grated’).13 29 30 Specifically, we transformed quanti-
tative data into qualitative data by converting it into 
textual descriptions to be included in our narrative 
synthesis.29 An example of this would be 41.7% of 
respondents in the Cash et al31 survey reporting to 
have received patient outcome feedback, compared 
with 54.7% receiving medical care feedback, which 
we converted to ‘patient outcome feedback was less 
frequent than clinical performance feedback’.

We performed a narrative synthesis for data relating 
to feedback types and design elements, EMS profes-
sionals’ perceptions of feedback provision and key 
contextual factors. In line with guidance for narrative 
synthesis32 and best practices within the broader field 
of implementation science, we used theory to further 
understand the mechanisms of effective feedback.33 34 
To describe feedback design elements we used clinical 

performance feedback intervention theory (CP- FIT), 
which is a prominent and widely adopted theory within 
the implementation science literature based on a meta- 
synthesis of 73 feedback interventions.35 Our own 
qualitative work on feedback to emergency ambulance 
staff found CP- FIT to have good face validity when 
exploring causal mechanisms at an abstract level, for 
example, ‘processing and reflection’.12

To identify potential mechanisms at a more detailed 
level for this review, we used behaviour change theory, 
which aims to identify active ingredients of interven-
tions seeking to change behaviour36 and has previously 
been used to synthesise evidence from audit and feed-
back interventions.37 38 CW identified potential causal 
mechanisms deductively using an established list of 
mechanisms of action from behaviour change theory,36 
with a researcher experienced in behaviour change 
theory coding (RL) verifying the assigned codes of 
a 20% (n=10) random sample. Disagreements were 
resolved through discussion. Once agreement was 
reached, CW reviewed the remaining studies.

Lastly, we analysed feedback effects by conducting 
post hoc random- effects multilevel meta- analyses 
of quantitative evaluative studies, including tabula-
tion and aggregation of standardised mean differ-
ences (Cohen’s d) and corresponding 95% CIs using 
the package ‘metafor’ in R V.4.1.3.39 Cohen’s d is an 
effect size that evaluates the difference between two 
means and is interpreted as small (d=0.2), medium 
(d=0.5) or large (d=0.8).40 Cohen’s d is particularly 
useful in meta- analyses of studies that assess the same 
(continuous) outcome but measure it using different 
scales, as it allows each study result to be standardised 
to a uniform scale and therefore allows studies to 
be combined.27 Effect sizes were extracted directly, 
approximated from median and IQRs or calculated 
from raw data.27 41–44 Individual meta- analyses were 
conducted for each outcome category, as well as a 
combined meta- analysis to quantify the effects of 
feedback overall on EMS care quality and safety.45 A 
multilevel approach was chosen for the overall meta- 
analysis to account for including multiple effect sizes 
from individual studies.46 Where studies reported 
multiple effect sizes within a single outcome category, 
the largest effect size was chosen, in line with a ‘proof 
of concept’ approach.47 Relationships in the data 
were meta- analysed using subgroup analyses informed 
by CP- FIT’s desirable feedback intervention design 
elements, feedback type and study quality.35

Between- study heterogeneity was assessed using χ2 
test, I2, τ2 and prediction intervals (PIs), following 
guidance to use multiple measures to characterise 
statistical heterogeneity in meta- analyses due to the 
relative strengths and weaknesses of the different 
measures available.27 48 The χ2 test (Cochran’s Q) is 
the traditional test to detect whether heterogeneity is 
present in meta- analyses and examines the null hypoth-
esis that all studies are evaluating the same effect.49 
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Cochran’s Q has low power to detect differences 
with small numbers of studies and high power when 
there are many studies, so alpha was set to p<0.10 
for the individual meta- analyses of each outcome cate-
gory and p<0.05 for the overall meta- analysis.27 To 
describe the extent of between- study variability due 
to heterogeneity, the I2 statistic was calculated and 
interpreted as: not important (0%–40%), moderate 
(30%–60%), substantial (50%–90%) and considerable 
(75%–100%).27 I2 can be biased in small and large 
meta- analyses,50 51 so τ2 was used to quantify the vari-
ance of the true effect sizes underlying our data in a 
way that was insensitive to the number of studies.48 
Due to our overall meta- analysis being a multilevel 
analysis, between- study heterogeneity variance is 
denoted as σ2 instead of τ2.48 As τ2 and σ2 are difficult 
to interpret, we used their results to calculate 95% PIs, 
which provide an estimate of the expected range of 
true effects in future studies using the same scale as the 
effect size metric (ie, Cohen’s d).27 52

Quality of evidence
As this review’s convergent synthesis design required 
data transformation and integration, the certainty 
associated with the whole body of literature was not 
assessed and instead individual study quality reported. 
This aligns with recent guidance, warning against 
using Grading of Recommendations Assessment, 
Development and Evaluation (GRADE)/Confidence 
in Evidence from Reviews of Qualitative research 
(CERQual) in mixed- studies systematic reviews.29

RESULTS
Our cumulative search identified 4891 results 
(figure 1). Once duplicates were removed, 3183 titles 
and abstracts were screened for inclusion. Of these, 
2195 were excluded based on the setting and 611 
based on the intervention criteria. The remaining 377 
articles underwent full- text review, resulting in 329 
exclusions and a total of 48 articles included in the 
analysis.

Study characteristics
An overview of included studies is presented in table 1 
with a detailed breakdown in online supplemental 
appendix 3. There were 42 interventional studies and 
six non- interventional studies. Studies were published 
between 1989 and 2022 with 73% (n=35) published 
in the last 10 years, and originated most frequently 
in the USA (n=19, 40%). The most common study 
design was cross- sectional (n=30, 63%). Most studies 
were situated within paramedic emergency services 
(n=39, 81%), but emergency operations centres (n=6, 
13%) were also represented.

Quality assessment
All studies were assessed as having clear research 
questions and collected data addressing these (online 

supplemental appendices 3 and 4). The qualitative and 
mixed- methods studies were of high quality. Several 
quantitative descriptive studies (n=5, 10%) omitted 
reporting on non- response bias, and were therefore of 
high- to- moderate quality, with the remaining being of 
high quality. Many of the quantitative non- randomised 
studies were of moderate quality due to confounders 
not being accounted for in the study design and anal-
ysis (n=23, 48%), as well as not reporting on repre-
sentativeness of participants (n=6, 13%) and interven-
tion fidelity (n=30, 63%).

Feedback intervention types and designs within EMS 
(interventional studies)
The interventional studies (n=42) described 37 
unique EMS feedback interventions. Sources of feed-
back included researchers (n=17, 40%), ambulance 
service managers (n=14, 33%), peers (n=6, 14%) and 
external databases (n=1, 2%). Feedback was provided 
to organisations (n=8, 19%), ambulance crews/
teams (n=16, 38%), individual clinicians (n=10, 
24%) or a combination (n=7, 17%). An example of 
an organisational- level intervention provided ambu-
lance services with feedback on their care bundle 
performance for myocardial infarction and stroke via 
monthly teleconferences and weekly control charts of 
performance data.53 Weston et al, on the other hand, 
provided individual paramedics with a single page 
of written feedback on their performance in cardiac 
arrests, including chest compression depth and rate.54

Feedback was delivered as a stand- alone initia-
tive (n=17, 40%), or as part of wider organisational 
(n=12, 29%) or educational (n=13, 31%) interven-
tions. An example of a stand- alone initiative was the 
provision of hospital- directed feedback to an EMS 
organisation on compliance with state protocols and 
documentation.55 Other studies described feedback 
being implemented alongside training56 or new equip-
ment and guidelines.57

The clinical topic was varied with the most frequent 
being cardiac arrest (n=13, 31%), myocardial infarc-
tion (n=10, 24%), stroke (n=3, 7%) and trauma (n=2, 
5%). Other studies included multiple conditions or all 
patients (n=12, 29%), with the remaining focusing 
on paediatrics (n=1, 2%) and non- conveyed patients 
(n=1, 2%). Overall, interventional studies described 
six different feedback types according to the typology 
developed in our previously published exploratory 
interview study12: audit and feedback (n=31, 74%), 
postevent debriefing (n=2, 5%), peer- to- peer feed-
back (n=3, 7%), incident- prompted feedback (n=1, 
2%), audit and patient outcome feedback (n=4, 10%) 
and patient outcome feedback (n=1, 2%) (table 2).

Feedback was provided on individual (n=18, 43%), 
aggregate (n=10, 24%) or individual and aggregate 
patient cases (n=6, 14%) and in all but one study 
consisted of ‘push’ model feedback, that is, not in 
response to recipients actively seeking feedback.58 Only 
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six studies (14%) reported that recipients were offered 
a comparison or benchmark alongside the feedback. 
The format of feedback interventions included written 
(n=14, 33%), verbal (n=10, 24%) or a combination 
of strategies (n=5, 12%). Visual elements were seldom 
reported but included line charts, viewing recordings 
of resuscitation performance and green/red high-
lighting on written reports. Frequency varied from 
after each call to only once or every 6 months, with 
lag time similarly varying from 48 hours to 3 months.

Many of the design characteristics discussed in the 
audit and feedback literature, for example, timeliness, 
user- friendly designs and inclusion of patient- level 
data, were not explicitly considered and no studies 
compared different feedback types. No studies reported 
using existing feedback theory (eg, CP- FIT); although 
one paper referenced audit and feedback literature,59 

five used quality improvement methods,53 60–62 and a 
further paper acknowledged the challenge of sustain-
ability within implementation science.63

Outcomes and effectiveness of feedback interventions 
(interventional studies)
The feedback interventions reported in the evalua-
tive interventional studies (n=36) measured a number 
of quality and safety outcomes, including process 
metrics—such as ambulance times (n=13, 36%, eg, 
arrival times, on- scene times, call- to- needle times), 
protocol adherence (n=12, 12%), cardiac arrest 
performance (n=10, 28%), clinical decision- making 
including non- conveyance decisions (n=6, 17%) 
and documentation (n=5, 14%)—as well as patient 
outcomes such as survival rates (n=8, 22%) and patient 
satisfaction (n=1, 3%). The remaining descriptive case 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram.
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studies (n=6) simply demonstrated that feedback was 
possible in the prehospital emergency care setting, for 
example, Stella et al,58 who reported how incident 
reporting data could be used to provide feedback to 
EMS professionals.58

Of the 36 evaluative interventional studies, 30 (83%) 
provided sufficient data to calculate standardised effect 
sizes and were tabulated according to study outcomes 
(figure 2). All 30 studies were quantitative and non- 
randomised with the majority providing before- and- 
after comparison. Feedback to EMS professionals was 
found to have statistically significant positive effects in 
73% (n=40) of the 55 extracted outcome measures, 
with the remaining outcome measures indicating non- 
significant effects in a positive direction (n=7, 13%), 
negative direction (n=4, 7%) or no effect (n=4, 7%). 
Outcome measures are listed in online supplemental 
appendix 3 and included, for example: stroke care 
bundle delivery (protocol adherence),53 satisfaction 
level of patients (patient satisfaction),64 survival to 
hospital discharge (survival rates),65 adequate docu-
mentation pertaining to physical examination (docu-
mentation),66 patients transported directly to the 
catheterisation laboratory (clinical decision- making),67 
chest compressions per minute (cardiac arrest perfor-
mance)62 and EMS run time (ambulance times).68

Overall, feedback had a moderate positive effect 
with a standardised mean difference for all outcome 
measures of d=0.50 (95% CI 0.34, 0.67). There 
was evidence of substantial between- study heteroge-
neity (I2=99%, 95% CI 98%, 99%) at a statistically 
significant level (Q=2650.26, p<0.001). Variance 
of between- study heterogeneity was estimated at 
σ2=0.32 (95% CI 0.22, 0.50), resulting in a wide PI 
(−0.64, 1.64), indicated in dotted lines on either side 
of the pooled effect size in figure 2. Our calculated PI 
illustrates the uncertainty in the pooled estimate for 
EMS feedback effects and crosses the line of no effect, 
so the true effect in future studies may be negative, 
null or higher than our pooled estimate.52

Separate meta- analyses for each outcome category 
revealed that feedback had a large effect in improving 
documentation (d=0.73 (0.00, 1.45)) and protocol 
adherence (d=0.68 (0.12, 1.24)), as well as small effects 
in enhancing cardiac arrest performance (d=0.46 
(0.06, 0.86)), clinical decision- making (d=0.47 (0.23, 
0.72)), ambulance times (d=0.43 (0.12, 0.74)) and 
survival rates (d=0.22 (0.11, 0.33)). Heterogeneity 
was substantial for all outcome categories except for 
survival rates (I2=35.2%) and clinical decision- making 
(I2=48.2%), which fell into the moderate range of the 
I2 index. Our results indicated moderate between- study 

Table 1 Characteristics of included studies

Characteristic

Interventional feedback studies
(n=42)

Non- interventional feedback studies
(n=6)

Total
(N=48)

n %* n %* n %*

Year

  1989–1999 6 14 1 17 7 15

  2000–2009 3 7 – 3 6

  2010–2019 26 62 2 33 28 58

  2020–2022 7 17 3 50 10 21

Country

  USA 16 38 3 60 19 40

  Germany 6 14 – – 6 13

  UK 4 10 2 33 6 13

  Sweden 3 7 – – 3 6

  Netherlands 2 5 – – 2 4

  Australia 2 5 – – 2 4

  Other or multiple countries 9 21 1 17 10 21

Study design

  Cohort study 4 10 – – 4 8

  Case–control study 1 2 – – 1 2

  Cross- sectional study 30 71 – – 30 63

  Quantitative descriptive study 4 10 3 50 7 15

  Qualitative study 1 2 3 50 4 8

  Mixed- methods study 2 5 – – 2 4

Context

  Paramedic emergency services 33 79 6 100 39 81

  Emergency operations centre 6 14 – – 6 13

  Ambulance service organisation 2 5 – – 2 4

  Other or multiple contexts 1 2 – – 1 2

*Sections of individual columns may not add up to exactly 100% due to rounding.
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Figure 2 Forest plot of standardised mean differences and corresponding 95% CIs for feedback interventions in emergency medical service (EMS). RE, 
random effects.
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heterogeneity at a statistically significant level for clin-
ical decision- making (Q=9.84, p=0.080), but not for 
survival rates (Q=9.66, p=0.209). This was supported 
by the PI for clinical decision- making not including 
the null point, suggesting future studies will demon-
strate positive effects, whereas the PI for survival rates 
included no effect. One study64 suggested feedback to 
EMS personnel may improve patient satisfaction, but 
was low quality and effect sizes did not reach statistical 
significance. The number of studies in the subgroup 
analyses (online supplemental appendix 5) was small 
and results not statistically significant.

The remaining six evaluative interventional studies 
were not included in the meta- analysis due to three 
not providing sufficient data to calculate effect 
sizes,60 69 70 two not including a comparison71 72 and 
one conducting qualitative analysis.73 The unstan-
dardised effect sizes of the three studies with insuf-
ficient data indicated positive effects in the areas of 
protocol adherence, ambulance times and clinical 
decision- making (online supplemental appendix 
6).60 69 70 The other three studies provided descriptive 
data on subjective self- reported measures, such as job 
satisfaction (‘making clinical shifts more enjoyable’,71 
‘increased motivation’72), team climate (‘improved 
relationships with colleagues’,71 73 ‘increased organi-
sational commitment’72) and clinical decision- making 
(‘avoid repeating experienced colleagues’ mistakes’,73 
‘improved confidence’71 73).

Mechanisms of feedback effects (interventional and 
non-interventional studies)
Mechanisms of EMS feedback effects were poorly 
reported in interventional and non- interventional 
studies, with none exploring how mechanisms linked 
to study outcomes. Figure 3 presents deductive anal-
ysis of causal mechanisms for reported feedback effects 

based on coding to an established list of 26 mecha-
nisms from behaviour change theory.36

Some mechanisms, such as knowledge, skills and 
feedback processes, were identified across different 
feedback types, while others, such as professional 
role and identity, environmental context and decision 
processes, were unique to specific feedback types. 
Audit and feedback interventions appeared to achieve 
their effects by influencing intentions and goals; 
while interventions, also including patient outcome 
information, appeared to include beliefs about conse-
quences and decision processes. Meanwhile, poste-
vent debriefing, peer- to- peer feedback and patient 
experience feedback interventions included causal 
mechanisms used by audit and patient outcome feed-
back, such as social influences and emotions. Without 
inferring causal mechanisms from limited information, 
no potential mechanisms could be identified for nine 
studies, including the incident- prompted feedback 
intervention.

EMS professionals’ evaluation of feedback provision 
(non-interventional studies)
The non- interventional studies all reported that EMS 
professionals were dissatisfied with current feedback 
provision and desired more feedback, particularly 
patient outcome feedback.10–12 31 74 75 Concerns were 
that feedback was skewed towards the negative10 75 
and only triggered by highly traumatic incidents,11 
while EMS professionals desired routine, frequent and 
high- quality feedback.10–12 One UK study suggested 
that EMS professionals desired ‘pull’-type feedback, 
that is, initiated by individual clinicians, delivered elec-
tronically or involving staff mediators.11 In addition to 
the feedback types identified in interventional studies 
(table 2), non- interventional studies also discussed 
patient experience feedback, which involved EMS 

Figure 3 Potential mechanisms of feedback effects by feedback type.
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professionals receiving feedback from patients or rela-
tives on the care they provided.

Key contextual factors for feedback interventions 
(non-interventional studies)
The main barriers reported were practical, such as the 
lack of linkage between EMS and in- hospital informa-
tion systems68 and the time and resources required for 
generating feedback.75 Potential social barriers were 
also highlighted, including how staff interact with and 
respond to feedback, especially within EMS culture 
where feedback may be perceived as linked to disci-
plinary action or being of questionable value.10 12 A 
reported ethical barrier was sharing of confidential 
patient details, especially for non- hospital- affiliated 
EMS agencies in the USA.10 75

Potential facilitators for effective feedback interventions 
were use of electronic health records to reduce demands 
of information capture and feedback delivery, thereby 
promoting sustainability.11 76 77 It was further reported 
that having clearly defined performance measures may 
support the provision of high- quality feedback.68 One 
study described a shift in EMS culture towards being more 
accepting of discussing mistakes, which may encourage 
clinicians to engage with feedback.10

DISCUSSION
The present review aimed to address a gap in existing 
evidence synthesis for feedback within EMS by 
summarising the literature on the types and effects 
of feedback received by EMS professionals. Previous 
reviews in the prehospital emergency care setting 
have focused on automated feedback from defibrilla-
tors17–20 and debriefing after simulation.21–25 Further 
to this, a non- systematic literature review from 2018 
descriptively summarised a selection of the published 
literature relating to EMS clinical feedback.78 The 
present review sought to overcome previous reviews’ 
limitations by not restricting inclusion to randomised 
controlled trials, taking a broader view on feedback, 
drawing on explanatory theory and employing system-
atic search and evidence synthesis methods.

The reviewed interventional studies indicate that the 
source, content and mode of feedback interventions 
within EMS vary greatly, while design elements are 
poorly reported. Feedback interventions within EMS 
targeted and measured a number of quality and safety 
outcomes, including protocol adherence, patient 
satisfaction, survival rates, documentation, clinical 
decision- making, cardiac arrest performance and 
ambulance times. The meta- analyses of 30 evaluative 
interventional studies revealed substantial heteroge-
neity, so the moderate positive effect overall (d=0.50 
(0.34, 0.67)) must be treated with caution, although 
it is comparable with recent systematic reviews within 
audit and feedback reporting (d=0.40).5 47 Our anal-
ysis indicated high heterogeneity for the majority 
of outcome categories, but found only moderate 

heterogeneity for clinical decision- making, which 
suggests existing evidence may more consistently 
support the positive point estimate in this outcome 
category. The high proportion of positive effects 
across individual studies and pooled effects for clinical 
decision- making suggests feedback to EMS personnel 
has a positive impact; however, the current evidence 
does not support a single point estimate of the aggre-
gated effect of EMS feedback across multiple interven-
tion types and outcomes. The high levels of clinical 
and statistical heterogeneity indicate a clear need to 
further examine different feedback types and identify 
which mechanisms are most effective within EMS.

Reviewed studies indicate that the current design of 
feedback interventions within EMS is for the large part 
atheoretical, which is a significant barrier to under-
standing feedback design and effectiveness. Analysis 
using behaviour change theory suggested there may 
be unique mechanisms for different feedback types, 
that is, audit and feedback (intention/goals), patient 
outcome feedback (beliefs about consequences) and 
peer- to- peer feedback (professional role/self- image), 
though we were unable to demonstrate a statistical 
difference between interventions due to small numbers 
of studies in each subgroup.

Implications and recommendations
Interventions within EMS that explore patient outcome 
and patient experience feedback are needed as these 
were desired by staff in non- interventional studies yet 
under- represented in interventional studies. Considerable 
opportunity exists to enhance feedback provision to EMS 
personnel through data linkage and integrated data sets 
that span service boundaries.76 77 Similarly, enhancing 
existing electronic record systems might facilitate disag-
gregation of data to an individual level and enable targeted 
queries that support ‘pull model’ feedback, thereby 
making feedback more relevant to the recipient.11 76 As 
part of designing and implementing feedback interven-
tions, information governance and ethical concerns linked 
to patient confidentiality should be addressed by bringing 
together relevant stakeholders.11 12

Beyond the literature included in this review, the prolif-
eration of unpublished local feedback initiatives within 
EMS suggests that a review of current practice is needed to 
understand whether the published evidence is being imple-
mented in current feedback provision. Poor reporting of 
intended mechanisms of action and a lack of theoretical 
underpinning indicate limited understanding of feedback 
mechanisms, consistent with the wider literature.79 80

The broader literature suggests specific opportuni-
ties for enhanced feedback to EMS personnel, such 
as combined audit and patient outcome feedback to 
improve decision- making81–84 for specific patient 
presentations (eg, cardiac arrest,85–93 myocardial infarc-
tion,94–96 stroke,97 98 abdominal pain,99 paediatrics,100 
trauma101 102). Furthermore, patient outcome feedback 
may improve staff mental health and learning103–109 for 
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patients not conveyed to hospital,110 with non- specific 
complaints,111 with significant differences between 
EMS and in- hospital diagnoses112 and patients referred 
to the coroner,113 while increased audit and feedback 
of particular skills (eg, intubation,114 ultrasound115) or 
situations (eg, handover,116 117 triage118) may improve 
performance. Lastly, increasing peer- to- peer and 
patient outcome feedback for certain staff groups may 
provide peer support and improve patient manage-
ment skills for newly qualified119 120 and specialist 
paramedics.121–126

Strengths and limitations
This is the first systematic review to investigate feedback 
within EMS, by adopting a broad definition of feedback 
and a rigorous methodology, which was published and 
registered a priori. The search strategy was developed 
from Cochrane reviews in audit and feedback, with the 
addition of subject matter expertise to increase sensitivity 
to the prehospital emergency care setting. The inter- rater 
reliability check indicated good reliability, with the lower 
kappa value for the intervention criterion potentially being 
explained by its more complex nature. Despite adopting 
a rigorous, systematic approach, the search strategy may 
not have identified every relevant article. Excluding arti-
cles without full- text English language translations may 
have removed potentially relevant studies and as with all 
systematic reviews, findings are subject to publication bias.

Although we were able to conduct a meta- analysis of 
a subset of quantitative evaluative studies (n=30, 83%), 
heterogeneity and variations in reporting quality limit the 
ability to recommend prioritisation of any specific feed-
back intervention or design feature. Our meta- analysis 
synthesised the available evidence, which did not include 
any randomised controlled trials and indicated high levels 
of heterogeneity; therefore, evidence for effects must 
be treated with caution despite using robust synthesis 
methods. Due to feedback interventions within EMS 
frequently being reported as part of multifaceted inter-
ventions with interacting components, it was not always 
possible to identify clearly whether a potential mecha-
nism related to the feedback aspect of the intervention.

CONCLUSIONS
In summary, this review demonstrated that the evidence 
base currently does not support a clear single point esti-
mate of the pooled effect of feedback within EMS. Our 
meta- analysis revealed moderate positive effects but 
substantial heterogeneity across a range of quality and 
safety outcomes, including protocol adherence, patient 
satisfaction, survival rates, documentation, clinical 
decision- making, cardiac arrest performance and ambu-
lance times. Viewed in the context of the existing audit 
and feedback literature, feedback within EMS is still in 
its infancy. Further research is needed to provide guid-
ance and frameworks supporting better design and eval-
uation of feedback interventions within EMS in order 
to strengthen the evidence base. There is a clear need to 

develop a consensus about the key active components and 
mechanisms in feedback to EMS professionals.

Twitter Caitlin Wilson @999_Caitlin, Gillian Janes 
@DrGillianJanes, Rebecca Lawton @LawtonRebecca and 
Jonathan Benn @JonathanBenn8

Acknowledgements The authors acknowledge Matt Holland, 
Library and Knowledge Service for NHS Ambulance Services in 
England, for assistance with developing the search string, and 
Emily Parker, School of Psychology, University of Leeds, for 
being the second reviewer for the screening process.

Contributors CW conceived the study and designed its 
protocol under supervision and guidance from GJ, RL and JB. 
CW led on data collection and analysis, with contributions and 
supervision from GJ, RL and JB. JB was the main supervisor 
for this project. CW drafted the article and all authors 
contributed substantially to its revision and approved the final 
version. CW acts as guarantor.

Funding This research was funded by the National Institute for 
Health Research (NIHR) Yorkshire and Humber Patient Safety 
Translational Research Centre (NIHR Yorkshire and Humber 
PSTRC).

Disclaimer The views expressed are those of the authors and 
not necessarily those of the NIHR, or the Department of 
Health and Social Care.

Competing interests None declared.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally 
peer reviewed.

Data availability statement All data relevant to the study 
are included in the article or uploaded as supplementary 
information.

Supplemental material This content has been supplied by 
the author(s). It has not been vetted by BMJ Publishing 
Group Limited (BMJ) and may not have been peer- reviewed. 
Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ 
disclaims all liability and responsibility arising from any 
reliance placed on the content. Where the content includes 
any translated material, BMJ does not warrant the accuracy 
and reliability of the translations (including but not limited 
to local regulations, clinical guidelines, terminology, drug 
names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or 
otherwise.

Open access This is an open access article distributed in 
accordance with the Creative Commons Attribution 4.0 
Unported (CC BY 4.0) license, which permits others to copy, 
redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link 
to the licence is given, and indication of whether changes were 
made. See: https://creativecommons.org/licenses/by/4.0/.

ORCID iDs
Caitlin Wilson http://orcid.org/0000-0002-9854-4289
Gillian Janes http://orcid.org/0000-0002-1609-5898
Rebecca Lawton http://orcid.org/0000-0002-5832-402X
Jonathan Benn http://orcid.org/0000-0001-5919-9905

REFERENCES
 1 Tannenbaum SI, Greilich PE. The debrief imperative: building 

teaming competencies and team effectiveness. BMJ Qual Saf 
2023;32:125–8. 

 2 Marsh C, Peacock R, Sheard L, et al. Patient experience 
feedback in UK hospitals: what types are available and what 
are their potential roles in quality improvement (Qi)? Health 
Expect 2019;22:317–26. 

 on A
pril 10, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2022-015634 on 7 A

pril 2023. D
ow

nloaded from
 

https://twitter.com/999_Caitlin
https://twitter.com/DrGillianJanes
https://twitter.com/LawtonRebecca
https://twitter.com/JonathanBenn8
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-9854-4289
http://orcid.org/0000-0002-1609-5898
http://orcid.org/0000-0002-5832-402X
http://orcid.org/0000-0001-5919-9905
http://dx.doi.org/10.1136/bmjqs-2022-015259
http://dx.doi.org/10.1111/hex.12885
http://dx.doi.org/10.1111/hex.12885
http://qualitysafety.bmj.com/


12 Wilson C, et al. BMJ Qual Saf 2023;0:1–15. doi:10.1136/bmjqs-2022-015634

Systematic review

 3 Benn J, Koutantji M, Wallace L, et al. Feedback from incident 
reporting: information and action to improve patient safety. 
Qual Saf Health Care 2009;18:11–21. 

 4 Jamtvedt G, Young JM, Kristoffersen DT, et al. Does telling 
people what they have been doing change what they do? A 
systematic review of the effects of audit and feedback. Qual 
Saf Health Care 2006;15:433–6. 

 5 Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: 
effects on professional practice and healthcare outcomes. 
Cochrane Database Syst Rev 2012;2012:CD000259. 

 6 Cifra CL, Sittig DF, Singh H. Bridging the feedback gap: a 
sociotechnical approach to informing clinicians of patients’ 
subsequent clinical course and outcomes. BMJ Qual Saf 
2021;30:591–7. 

 7 Fernandez Branson C, Williams M, Chan TM, et al. 
Improving diagnostic performance through feedback: the 
diagnosis learning cycle. BMJ Qual Saf 2021;30:1002–9. 

 8 Lavoie C, Croskerry P, et al. Outcome feedback and patient 
safety. In: Croskerry P, Cosby KS, Schenkel SM, eds. Patient 
Safety in Emergency Medicine. Philadelphia, PA, USA: 
Lippincott Williams & Wilkins, 2009: 251–8.

 9 McCann L. The paramedic at work: a sociology of A new 
profession. Oxford: Oxford University Press, 2022. 

 10 Morrison L, Cassidy L, Welsford M, et al. Clinical 
performance feedback to paramedics: what they receive and 
what they need. AEM Educ Train 2017;1:87–97. 

 11 Eaton- Williams P, Mold F, Magnusson C. Exploring 
paramedic perceptions of feedback using a phenomenological 
approach. Br Paramed J 2020;5:7–14. 

 12 Wilson C, Howell A- M, Janes G, et al. The role of feedback 
in emergency ambulance services: a qualitative interview 
study. BMC Health Serv Res 2022;22:296. 

 13 Pluye P, Hong QN, Vedel I. Toolkit for mixed studies reviews 
(V3). 2016. Available: http://toolkit4mixedstudiesreviews. 
pbworks.com [Accessed 16 Dec 2019].

 14 Wilson C, Janes G, Lawton R, et al. The types and effects of 
feedback received by emergency ambulance staff: protocol 
for a systematic mixed studies review with narrative synthesis. 
IJES 2021;10:247–65. 

 15 Morrison A, Polisena J, Husereau D, et al. The effect of 
english- language restriction on systematic review- based 
meta- analyses: a systematic review of empirical studies. Int J 
Technol Assess Health Care 2012;28:138–44. 

 16 Moher D, Pham B, Klassen TP, et al. What contributions do 
languages other than english make on the results of meta- 
analyses? J Clin Epidemiol 2000;53:964–72. 

 17 Yeung J, Meeks R, Edelson D, et al. The use of CPR feedback/
prompt devices during training and CPR performance: a 
systematic review. Resuscitation 2009;80:743–51. 

 18 An M, Kim Y, Cho WK. Effect of smart devices on the 
quality of CPR training: a systematic review. Resuscitation 
2019;144:145–56. 

 19 Kirkbright S, Finn J, Tohira H, et al. Audiovisual feedback 
device use by health care professionals during CPR: a 
systematic review and meta- analysis of randomised and non- 
randomised trials. Resuscitation 2014;85:460–71. 

 20 Wang S- A, Su C- P, Fan H- Y, et al. Effects of real- time feedback 
on cardiopulmonary resuscitation quality on outcomes in 
adult patients with cardiac arrest: a systematic review and 
meta- analysis. Resuscitation 2020;155:82–90. 

 21 Abelsson A, Rystedt I, Suserud B- O, et al. Mapping the use 
of simulation in prehospital care- a literature review. Scand J 
Trauma Resusc Emerg Med 2014;22:22. 

 22 Mundell WC, Kennedy CC, Szostek JH, et al. Simulation 
technology for resuscitation training: a systematic review and 
meta- analysis. Resuscitation 2013;84:1174–83. 

 23 Garden AL, Le Fevre DM, Waddington HL, et al. Debriefing 
after simulation- based non- technical skill training in 
healthcare: a systematic review of effective practice. Anaesth 
Intensive Care 2015;43:300–8. 

 24 Levett- Jones T, Lapkin S. A systematic review of the 
effectiveness of simulation debriefing in health professional 
education. Nurse Educ Today 2014;34:e58–63. 

 25 Sahu S, Lata I. Simulation in resuscitation teaching and 
training, an evidence based practice review. J Emerg Trauma 
Shock 2010;3:378–84. 

 26 Stoll CRT, Izadi S, Fowler S, et al. The value of a second 
reviewer for study selection in systematic reviews. Res Synth 
Methods 2019;10:539–45. 

 27 Higgins J, Thomas J. Cochrane handbook for systematic 
reviews of interventions. Cochrane, 2022.

 28 Hong QN, Fàbregues S, Bartlett G, et al. The mixed 
methods appraisal tool (MMAT) version 2018 for 
information professionals and researchers. EFI 
2018;34:285–91. 

 29 Stern C, Lizarondo L, Carrier J, et al. Methodological 
guidance for the conduct of mixed methods systematic 
reviews. JBI Evid Synth 2020;18:2108–18. 

 30 Lizarondo L, Stern C, Carrier J, et al. Chapter 8: mixed 
methods systematic reviews. In: Aromataris E, Munn Z, eds. 
Joanna Briggs Institute Reviewer’s Manual. The Joanna Briggs 
Institute, 2017.

 31 Cash RE, Crowe RP, Rodriguez SA, et al. Disparities 
in feedback provision to emergency medical services 
professionals. Prehosp Emerg Care 2017;21:773–81. 

 32 Popay J, Roberts H, Sowden A, et al. Guidance on the 
conduct of narrative synthesis in systematic reviews: a 
product from the ESRC methods programme. Lancaster, UK 
University of Lancaster; 2006. Available: http://citeseerx.ist. 
psu.edu/viewdoc/download?doi=10.1.1.178.3100&rep= 
rep1&type=pdf [Accessed 13 Dec 2019].

 33 Ivers NM, Sales A, Colquhoun H, et al. No more “business 
as usual” with audit and feedback interventions: towards 
an agenda for a reinvigorated intervention. Implement Sci 
2014;9:14. 

 34 Ivers NM, Grimshaw JM, Jamtvedt G, et al. Growing 
literature, stagnant science? Systematic review, meta- 
regression and cumulative analysis of audit and 
feedback interventions in health care. J Gen Intern Med 
2014;29:1534–41. 

 35 Brown B, Gude WT, Blakeman T, et al. Clinical performance 
feedback intervention theory (CP- FIT): a new theory for 
designing, implementing, and evaluating feedback in health 
care based on a systematic review and meta- synthesis of 
qualitative research. Implement Sci 2019;14:40. 

 36 Carey RN, Connell LE, Johnston M, et al. Behavior change 
techniques and their mechanisms of action: a synthesis of 
links described in published intervention literature. Ann 
Behav Med 2019;53:693–707. 

 37 Gardner B, Whittington C, McAteer J, et al. Using theory 
to synthesise evidence from behaviour change interventions: 
the example of audit and feedback. Soc Sci Med 
2010;70:1618–25. 

 38 Tuti T, Nzinga J, Njoroge M, et al. A systematic review of 
electronic audit and feedback: intervention effectiveness and 
use of behaviour change theory. Implement Sci 2017;12:61. 

 on A
pril 10, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2022-015634 on 7 A

pril 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1136/qshc.2007.024166
http://dx.doi.org/10.1136/qshc.2006.018549
http://dx.doi.org/10.1136/qshc.2006.018549
http://dx.doi.org/10.1002/14651858.CD000259.pub3
http://dx.doi.org/10.1136/bmjqs-2020-012464
http://dx.doi.org/10.1136/bmjqs-2020-012456
http://dx.doi.org/10.1093/oso/9780198816362.001.0001
http://dx.doi.org/10.1093/oso/9780198816362.001.0001
http://dx.doi.org/10.1002/aet2.10028
http://dx.doi.org/10.29045/14784726.2020.06.5.1.7
http://dx.doi.org/10.1186/s12913-022-07676-1
http://toolkit4mixedstudiesreviews.pbworks.com
http://toolkit4mixedstudiesreviews.pbworks.com
http://dx.doi.org/10.1108/IJES-09-2020-0057
http://dx.doi.org/10.1017/S0266462312000086
http://dx.doi.org/10.1017/S0266462312000086
http://dx.doi.org/10.1016/s0895-4356(00)00188-8
http://dx.doi.org/10.1016/j.resuscitation.2009.04.012
http://dx.doi.org/10.1016/j.resuscitation.2019.07.011
http://dx.doi.org/10.1016/j.resuscitation.2013.12.012
http://dx.doi.org/10.1016/j.resuscitation.2020.07.024
http://dx.doi.org/10.1186/1757-7241-22-22
http://dx.doi.org/10.1186/1757-7241-22-22
http://dx.doi.org/10.1016/j.resuscitation.2013.04.016
http://dx.doi.org/10.1177/0310057X1504300303
http://dx.doi.org/10.1177/0310057X1504300303
http://dx.doi.org/10.1016/j.nedt.2013.09.020
http://dx.doi.org/10.4103/0974-2700.70758
http://dx.doi.org/10.4103/0974-2700.70758
http://dx.doi.org/10.1002/jrsm.1369
http://dx.doi.org/10.1002/jrsm.1369
http://dx.doi.org/10.3233/EFI-180221
http://dx.doi.org/10.11124/JBISRIR-D-19-00169
http://dx.doi.org/10.1080/10903127.2017.1328547
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.178.3100&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.178.3100&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.178.3100&rep=rep1&type=pdf
http://dx.doi.org/10.1186/1748-5908-9-14
http://dx.doi.org/10.1007/s11606-014-2913-y
http://dx.doi.org/10.1186/s13012-019-0883-5
http://dx.doi.org/10.1093/abm/kay078
http://dx.doi.org/10.1093/abm/kay078
http://dx.doi.org/10.1016/j.socscimed.2010.01.039
http://dx.doi.org/10.1186/s13012-017-0590-z
http://qualitysafety.bmj.com/


13Wilson C, et al. BMJ Qual Saf 2023;0:1–15. doi:10.1136/bmjqs-2022-015634

Systematic review

 39 Viechtbauer W. Conducting meta- analyses in R with the 
metafor package. J Stat Softw 2010;36:1–48. 

 40 Cohen J. Statistical power analysis for the behavioural 
sciences. New York: Academic Press, 1969.

 41 Lenhard W, Lenhard A. Computation of effect sizes: 
psychometrica. 2016. Available: https://www.psychometrica. 
de/effect_size.html [Accessed 24 Feb 2022].

 42 Wilson DB. Practical meta- analysis effect size calculator. 
2022. Available: https://www.campbellcollaboration.org/ 
escalc/html/EffectSizeCalculator-Home.php [Accessed 24 Feb 
2022].

 43 Lin H. Effect size converter. 2022. Available: https://www. 
escal.site/ [Accessed 24 Feb 2022].

 44 Wan X, Wang W, Liu J, et al. Estimating the sample mean and 
standard deviation from the sample size, median, range and/
or interquartile range. BMC Med Res Methodol 2014;14:135. 

 45 Borenstein M, Hedges LV, Higgins J, et al. When does it make 
sense to perform a meta- analysis? Introduction to meta- 
analysis. Chichester: John Wiley & Sons, 2009: 357–64.

 46 Assink M, Wibbelink CJM. Fitting three- level meta- analytic 
models in R: a step- by- step tutorial. TQMP 2016;12:154–74. 

 47 Hysong SJ. Meta- analysis: audit and feedback features impact 
effectiveness on care quality. Med Care 2009;47:356–63. 

 48 Harrer M, Cuijpers P, Furukawa TA, et al. Doing meta- 
analysis with R: a hands- on guide. 1st ed. Boca Raton, FL and 
London: Chapman & Hall/CRC Press, 2021. 

 49 West SL, Gartlehner G, Mansfield AJ, et al. AHRQ methods 
for effective health care. In: Comparative Effectiveness 
Review Methods: clinical Heterogeneity. Rockville (MD): 
Agency for Healthcare Research and Quality (US), 2010.

 50 von Hippel PT. The heterogeneity statistic I (2) can be biased 
in small meta- analyses. BMC Med Res Methodol 2015;15:35. 

 51 Rücker G, Schwarzer G, Carpenter JR, et al. Undue reliance 
on I (2) in assessing heterogeneity may mislead. BMC Med 
Res Methodol 2008;8:79. 

 52 IntHout J, Ioannidis JPA, Rovers MM, et al. Plea for 
routinely presenting prediction intervals in meta- analysis. 
BMJ Open 2016;6:e010247. 

 53 Siriwardena AN, Shaw D, Essam N, et al. The effect of a 
national quality improvement collaborative on prehospital 
care for acute myocardial infarction and stroke in England. 
Implement Sci 2014;9:17. 

 54 Weston BW, Jasti J, Mena M, et al. Self- assessment feedback 
form improves quality of out- of- hospital CPR. Prehosp Emerg 
Care 2019;23:66–73. 

 55 Choi B, Tsai D, McGillivray CG, et al. Hospital- directed 
feedback to emergency medical services improves prehospital 
performance. Stroke 2014;45:2137–40. 

 56 Hardeland C, Skåre C, Kramer- Johansen J, et al. 
Targeted simulation and education to improve cardiac 
arrest recognition and telephone assisted CPR in an 
emergency medical communication centre. Resuscitation 
2017;114:21–6. 

 57 Hopkins CL, Burk C, Moser S, et al. Implementation of pit 
crew approach and cardiopulmonary resuscitation metrics for 
out- of- hospital cardiac arrest improves patient survival and 
neurological outcome. J Am Heart Assoc 2016;5:e002892. 

 58 Stella J, Bartley B, Jennings P. Introduction of a prehospital 
critical incident monitoring system -- final results. Prehosp 
Disaster Med 2010;25:515–20. 

 59 Lindström V, Karlsten R, Falk A- C, et al. Feasibility of a 
computer- assisted feedback system between dispatch centre 
and ambulances. Eur J Emerg Med 2011;18:143–7. 

 60 Riney LC, Schwartz H, Murtagh Kurowski E, et al. 
Improving administration of prehospital corticosteroids for 
pediatric asthma. Pediatr Qual Saf 2021;6:e410. 

 61 Lukas R- P, Gräsner JT, Seewald S, et al. Chest compression 
quality management and return of spontaneous circulation: a 
matched- pair registry study. Resuscitation 2012;83:1212–8. 

 62 Olasveengen TM, Tomlinson A- E, Wik L, et al. A failed 
attempt to improve quality of out- of- hospital CPR 
through performance evaluation. Prehosp Emerg Care 
2007;11:427–33. 

 63 Oostema JA, Chassee T, Baer W, et al. Brief educational 
intervention improves emergency medical services stroke 
recognition. Stroke 2019;50:1193–200. 

 64 Persse DE, Key CB, Baldwin JB. The effect of a quality 
improvement feedback loop on paramedic- initiated 
nontransport of elderly patients. Prehosp Emerg Care 
2002;6:31–5. 

 65 Bobrow BJ, Spaite DW, Vadeboncoeur TF, et al. 
Implementation of a regional telephone cardiopulmonary 
resuscitation program and outcomes after out- of- hospital 
cardiac arrest. JAMA Cardiol 2016;1:294–302. 

 66 Joyce SM, Dutkowski KL, Hynes T. Efficacy of an EMS 
quality improvement program in improving documentation 
and performance. Prehosp Emerg Care 1997;1:140–4. 

 67 Scholz KH, Hilgers R, Ahlersmann D, et al. Contact- to- 
balloon time and door- to- balloon time after initiation of a 
formalized data feedback in patients with acute ST- elevation 
myocardial infarction. Am J Cardiol 2008;101:46–52. 

 68 Daudelin DH, Sayah AJ, Kwong M, et al. Improving use 
of prehospital 12- lead ECG for early identification and 
treatment of acute coronary syndrome and ST- elevation 
myocardial infarction. Circ Cardiovasc Qual Outcomes 
2010;3:316–23. 

 69 Gropen TI, Gazi M, Minor M, et al. Centrally guided 
identification of patients with large vessel occlusion: 
lessons from trauma systems. J Stroke Cerebrovasc Dis 
2019;28:2388–97. 

 70 DelliFraine J, Langabeer J, Segrest W, et al. Developing an 
ST- elevation myocardial infarction system of care in dallas 
county. Am Heart J 2013;165:926–31. 

 71 Gevers L, Makkink A. Peer- assisted learning in the 
prehospital educational setting in South Africa. AJHPE 
2020;12:6. 

 72 Noble HE, Scott JW, Nyinawankusi JD, et al. The impact of 
data feedback on continuous quality improvement projects 
in rwanda: a mixed methods analysis. Afr J Emerg Med 
2020;10:S78–84. 

 73 Brink P, Bäck- Pettersson S, Sernert N. Group supervision 
as a means of developing professional competence within 
pre- hospital care. Int Emerg Nurs 2012;20:76–82. 

 74 Mock EF, Wrenn KD, Wright SW, et al. Feedback to 
emergency medical services providers: the good, the bad, 
and the ignored. Prehosp Disaster Med 1997;12:145–8.

 75 McGuire SS, Luke A, Klassen AB, et al. It’s time to talk 
to prehospital providers: feedback disparities among 
ground- based emergency medical services providers 
and its impact on job satisfaction. Prehosp Disaster Med 
2021;36:486–94. 

 76 Porter A, Badshah A, Black S, et al. Electronic health records 
in ambulances: the era multiple- methods study. Health Serv 
Deliv Res 2020;8:1–140. 

 77 Cuk S, Wimmer H, Powell LM. Problems associated 
with patient care reports and transferring data 

 on A
pril 10, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2022-015634 on 7 A

pril 2023. D
ow

nloaded from
 

http://dx.doi.org/10.18637/jss.v036.i03
https://www.psychometrica.de/effect_size.html
https://www.psychometrica.de/effect_size.html
https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php
https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php
https://www.escal.site/
https://www.escal.site/
http://dx.doi.org/10.1186/1471-2288-14-135
http://dx.doi.org/10.20982/tqmp.12.3.p154
http://dx.doi.org/10.1097/MLR.0b013e3181893f6b
http://dx.doi.org/10.1201/9781003107347
http://dx.doi.org/10.1201/9781003107347
http://dx.doi.org/10.1186/s12874-015-0024-z
http://dx.doi.org/10.1186/1471-2288-8-79
http://dx.doi.org/10.1186/1471-2288-8-79
http://dx.doi.org/10.1136/bmjopen-2015-010247
http://dx.doi.org/10.1186/1748-5908-9-17
http://dx.doi.org/10.1080/10903127.2018.1477887
http://dx.doi.org/10.1080/10903127.2018.1477887
http://dx.doi.org/10.1161/STROKEAHA.114.005679
http://dx.doi.org/10.1016/j.resuscitation.2017.02.013
http://dx.doi.org/10.1161/JAHA.115.002892
http://dx.doi.org/10.1017/s1049023x00008694
http://dx.doi.org/10.1017/s1049023x00008694
http://dx.doi.org/10.1097/MEJ.0b013e328341edac
http://dx.doi.org/10.1097/pq9.0000000000000410
http://dx.doi.org/10.1016/j.resuscitation.2012.03.027
http://dx.doi.org/10.1080/10903120701536628
http://dx.doi.org/10.1161/STROKEAHA.118.023885
http://dx.doi.org/10.1080/10903120290938742
http://dx.doi.org/10.1001/jamacardio.2016.0251
http://dx.doi.org/10.1080/10903129708958807
http://dx.doi.org/10.1016/j.amjcard.2007.07.078
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.895045
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.06.042
http://dx.doi.org/10.1016/j.ahj.2013.02.005
http://dx.doi.org/10.7196/AJHPE.2020.v12i1.005
http://dx.doi.org/10.1016/j.afjem.2020.07.007
http://dx.doi.org/10.1016/j.ienj.2011.04.001
http://dx.doi.org/10186999
http://dx.doi.org/10.1017/S1049023X21000601
http://dx.doi.org/10.3310/hsdr08100
http://dx.doi.org/10.3310/hsdr08100
http://qualitysafety.bmj.com/


14 Wilson C, et al. BMJ Qual Saf 2023;0:1–15. doi:10.1136/bmjqs-2022-015634

Systematic review

between ambulance and hospitals from the perspective 
of emergency medical technicians. Issues Inf Syst 
2017;18:16–26.

 78 Eaton- Williams P, Mold F, Magnusson C. Effective clinical 
feedback provision to ambulance clinicians: a literature 
review. J Paramed Pract 2020;12:109–17. 

 79 Colquhoun HL, Carroll K, Eva KW, et al. Advancing the 
literature on designing audit and feedback interventions: 
identifying theory- informed hypotheses. Implement Sci 
2017;12:117. 

 80 Gude WT, Brown B, van der Veer SN, et al. Clinical 
performance comparators in audit and feedback: a review of 
theory and evidence. Implement Sci 2019;14:39. 

 81 Ulrich Hansen M, Vejzovic V, Zdravkovic S, et al. Ambulance 
nurses’ experiences of using prehospital guidelines for 
patients with acute chest pain- a qualitative study. Int Emerg 
Nurs 2022;63:101195. 

 82 O’Hara R, Johnson M, Hirst E, et al. A qualitative study of 
decision- making and safety in ambulance service transitions. 
Health Serv Deliv Res 2014;2:1–138. 

 83 Hörberg A, Lindström V, Kalén S, et al. Striving for balance- a 
qualitative study to explore the experiences of nurses new 
to the ambulance service in sweden. Nurse Educ Pract 
2017;27:63–70. 

 84 Wihlborg J, Edgren G, Johansson A, et al. Reflective and 
collaborative skills enhances ambulance nurses’ competence- a 
study based on qualitative analysis of professional 
experiences. Int Emerg Nurs 2017;32:20–7. 

 85 Bång A, Ortgren P- O, Herlitz J, et al. Dispatcher- assisted 
telephone CPR: a qualitative study exploring how dispatchers 
perceive their experiences. Resuscitation 2002;53:135–51. 

 86 Bobrow BJ, Vadeboncoeur TF, Clark L, et al. Establishing 
Arizona’s statewide cardiac arrest reporting and educational 
network. Prehosp Emerg Care 2008;12:381–7. 

 87 Davis DP, Fisher R, Buono C, et al. Predictors of intubation 
success and therapeutic value of paramedic airway 
management in a large, urban EMS system. Prehosp Emerg 
Care 2006;10:356–62. 

 88 Dyson K, Bray JE, Smith K, et al. Paramedic resuscitation 
competency: A survey of australian and new zealand 
emergency medical services. Emerg Med Australas 
2017;29:217–22. 

 89 Henry K, Murphy A, Willis D, et al. Out- of- hospital cardiac 
arrest in cork, ireland. Emerg Med J 2013;30:496–500. 

 90 Larsson R, Engström Å. Swedish ambulance nurses’ 
experiences of nursing patients suffering cardiac arrest. Int J 
Nurs Pract 2013;19:197–205. 

 91 van Diepen S, Abella BS, Bobrow BJ, et al. Multistate 
implementation of guideline- based cardiac resuscitation 
systems of care: description of the heartrescue project. Am 
Heart J 2013;166:647–53. 

 92 Yost D, Phillips RH, Gonzales L, et al. Assessment of CPR 
interruptions from transthoracic impedance during use of 
the LUCAS (TM) mechanical chest compression system. 
Resuscitation 2012;83:961–5. 

 93 Lee SCL, Mao DR, Ng YY, et al. Emergency medical dispatch 
services across pan- asian countries: a web- based survey. BMC 
Emerg Med 2020;20:1. 

 94 Bradley EH, Curry LA, Spatz ES, et al. Hospital strategies for 
reducing risk- standardized mortality rates in acute myocardial 
infarction. Ann Intern Med 2012;156:618–26. 

 95 Landman AB, Spatz ES, Cherlin E, et al. Abstract 246: 
emergency medical services and hospital collaboration in 

the care of patients with acute myocardial infarction. Circ 
Cardiovasc Qual Outcomes 2012;5. 

 96 Martin LK, Lewis VJ, Clark D, et al. Frontline barriers 
to effective paramedic and emergency nursing STEMI 
management: clinician perspectives. Australas Emerg Care 
2020;23:126–36. 

 97 Brunton L, Boaden R, Knowles S, et al. Pre- hospital stroke 
recognition in a UK centralised stroke system: a qualitative 
evaluation of current practice. Br Paramed J 2019;4:31–9. 

 98 Magdon- Ismail Z, Benesch C, Cushman JT, et al. Establishing 
recommendations for stroke systems in the thrombectomy 
era: the upstate new york stakeholder proceedings. Stroke 
2017;48:2003–6. 

 99 Tegelberg A, Muntlin Å, Juhlin C, et al. Engagement under 
difficult conditions: caring for patients with acute abdominal 
pain across the acute- care chain: a qualitative study. Int 
Emerg Nurs 2020;52:100910. 

 100 Brown SA, Hayden TC, Randell KA, et al. Improving 
pediatric education for emergency medical services providers: 
a qualitative study. Prehosp Disaster Med 2017;32:20–6. 

 101 Hoogervorst EM, van Beeck EF, Goslings JC, et al. 
Developing process guidelines for trauma care in the 
netherlands for severely injured patients: results from a 
delphi study. BMC Health Serv Res 2013;13:79. 

 102 Repas SJ, McCarthy M, Parikh P, et al. Trauma- specific 
performance improvement activities for emergency medical 
services providers: a statewide perspective. J Surg Res 
2022;279:474–9. 

 103 Whitley TW, Benson NH, Allison EJ, et al. Occupational 
stress and job satisfaction among flight nurses. A survey 
of national flight nurses association members. Hosp Aviat 
1989;8:6–8. 

 104 Forslund K, Kihlgren A, Kihlgren M. Operators’ experiences 
of emergency calls. J Telemed Telecare 2004;10:290–7. 

 105 Lateef F. Job- related evaluation of post- traumatic stress 
(JETS). Singap Nurs J 2005;32:37–41.

 106 Minnie L, Goodman S, Wallis L. Exposure to daily trauma: 
the experiences and coping mechanism of emergency medical 
personnel. A cross- sectional study. Afr J Emerg Med 2015;5:12–8. 

 107 Crowe RP, Fernandez AR, Pepe PE, et al. The association of 
job demands and resources with burnout among emergency 
medical services professionals. J Am Coll Emerg Physicians 
Open 2020;1:6–16. 

 108 Holmberg M, Nørgaard J, Eriksson M, et al. Dyadic teams 
and nursing care: a critical incident study of nurses in the 
emergency medical service. J Clin Nurs 2020;29:3743–53. 

 109 Smith MP, Kaji A, Young KD, et al. Presentation and survival 
of prehospital apparent sudden infant death syndrome. 
Prehosp Emerg Care 2005;9:181–5. 

 110 Lederman J, Löfvenmark C, Djärv T, et al. Assessing 
non- conveyed patients in the ambulance service: a 
phenomenological interview study with swedish ambulance 
clinicians. BMJ Open 2019;9:e030203. 

 111 Ivic R, Vicente V, Kurland L, et al. Pre- hospital emergency 
nurse specialist’s experiences in caring for patients with 
non- specific chief complaints in the ambulance - A qualitative 
interview study. Int Emerg Nurs 2022;63:101178. 

 112 Brichko L, Jennings P, Bain C, et al. Selecting cases for 
feedback to pre- hospital clinicians- a pilot study. Aust Health 
Rev 2016;40:306–10. 

 113 Ter Avest E, McWhirter E, Dunn S, et al. Prehospital death 
after traumatic cardiac arrest: time for better feedback? Air 
Med J 2019;38:78–81. 

 on A
pril 10, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2022-015634 on 7 A

pril 2023. D
ow

nloaded from
 

http://dx.doi.org/10.12968/jpar.2020.12.3.109
http://dx.doi.org/10.1186/s13012-017-0646-0
http://dx.doi.org/10.1186/s13012-019-0887-1
http://dx.doi.org/10.1016/j.ienj.2022.101195
http://dx.doi.org/10.1016/j.ienj.2022.101195
http://dx.doi.org/10.3310/hsdr02560
http://dx.doi.org/10.1016/j.nepr.2017.08.015
http://dx.doi.org/10.1016/j.ienj.2016.06.002
http://dx.doi.org/10.1016/s0300-9572(01)00508-1
http://dx.doi.org/10.1080/10903120802100670
http://dx.doi.org/10.1080/10903120600725751
http://dx.doi.org/10.1080/10903120600725751
http://dx.doi.org/10.1111/1742-6723.12715
http://dx.doi.org/10.1136/emermed-2011-200888
http://dx.doi.org/10.1111/ijn.12057
http://dx.doi.org/10.1111/ijn.12057
http://dx.doi.org/10.1016/j.ahj.2013.05.022
http://dx.doi.org/10.1016/j.ahj.2013.05.022
http://dx.doi.org/10.1016/j.resuscitation.2012.01.019
http://dx.doi.org/10.1186/s12873-019-0299-1
http://dx.doi.org/10.1186/s12873-019-0299-1
http://dx.doi.org/10.7326/0003-4819-156-9-201205010-00003
http://dx.doi.org/10.1161/circoutcomes.5.suppl_1.A246
http://dx.doi.org/10.1161/circoutcomes.5.suppl_1.A246
http://dx.doi.org/10.1016/j.auec.2019.12.001
http://dx.doi.org/10.29045/14784726.2019.06.4.1.31
http://dx.doi.org/10.1161/STROKEAHA.117.017412
http://dx.doi.org/10.1016/j.ienj.2020.100910
http://dx.doi.org/10.1016/j.ienj.2020.100910
http://dx.doi.org/10.1017/S1049023X16001230
http://dx.doi.org/10.1186/1472-6963-13-79
http://dx.doi.org/10.1016/j.jss.2022.06.022
http://dx.doi.org/10.1016/s0740-8315(89)80068-3
http://dx.doi.org/10.1258/1357633042026323
http://dx.doi.org/10.1016/j.afjem.2014.10.010
http://dx.doi.org/10.1002/emp2.12014
http://dx.doi.org/10.1002/emp2.12014
http://dx.doi.org/10.1111/jocn.15404
http://dx.doi.org/10.1080/10903120590924690
http://dx.doi.org/10.1136/bmjopen-2019-030203
http://dx.doi.org/10.1016/j.ienj.2022.101178
http://dx.doi.org/10.1071/AH15079
http://dx.doi.org/10.1071/AH15079
http://dx.doi.org/10.1016/j.amj.2018.11.010
http://dx.doi.org/10.1016/j.amj.2018.11.010
http://qualitysafety.bmj.com/


15Wilson C, et al. BMJ Qual Saf 2023;0:1–15. doi:10.1136/bmjqs-2022-015634

Systematic review

 114 Kunkes T, Makled B, Norfleet J, et al. Understanding the 
cognitive demands, skills, and assessment approaches for 
endotracheal intubation: cognitive task analysis. JMIR 
Perioper Med 2022;5:e34522. 

 115 Donovan JK, Burton SO, Jones SL, et al. Use of point- of- care 
ultrasound by intensive care paramedics to assess respiratory 
distress in the out- of- hospital environment: a pilot study. 
Prehosp Emerg Care 2022;2022:1–7. 

 116 Jaynes CL, Cook P, Farmer R, et al. Assessing satisfaction and 
quality in the EMS/HEMS working relationship. Air Med J 
2013;32:338–42. 

 117 Meisel ZF, Shea JA, Peacock NJ, et al. Optimizing the 
patient handoff between emergency medical services and the 
emergency department. Ann Emerg Med 2015;65:310–7. 

 118 Jönsson K, Fridlund B. A comparison of adherence to 
correctly documented triage level of critically ill patients 
between emergency department and the ambulance service 
nurses. Int Emerg Nurs 2013;21:204–9. 

 119 Hörberg A, Jirwe M, Kalén S, et al. We need support! A 
delphi study about desirable support during the first year in 
the emergency medical service. Scand J Trauma Resusc Emerg 
Med 2017;25:89. 

 120 Hörberg A, Kalén S, Jirwe M, et al. Treat me nice! -a cross- 
sectional study examining support during the first year in the 
emergency medical services. Scand J Trauma Resusc Emerg 
Med 2018;26:92. 

 121 Eaton G, Happs I, Tanner R. Designing and implementing an 
educational framework for advanced paramedic practitioners 
rotating into primary care in north wales. Educ Prim Care 
2021;32:289–95. 

 122 Fjällman C, Hilli Y, Jonasson L- L. Home health nurses’ 
views on participating in pre- ambulance emergency 
treatment: a qualitative descriptive study. Nord J Nurs Res 
2021;41:92–100. 

 123 Brayman C, Hobbs B, Hill W, et al. ICU without walls- 
interprofessional high acuity response teams (harts) 
improve access to higher level of care in rural and remote 
communities. Can J Respir Ther 2012;48:14–9.

 124 Donald M, Paterson B. Introduction of an electronic debrief 
and governance tool in prehospital care. Emerg Med J 
2007;24:363–6. 

 125 Akula VP, Hedli LC, Van Meurs K, et al. Neonatal transport 
in california: findings from a qualitative investigation.  
J Perinatol 2020;40:394–403. 

 126 Heffernan E, Keegan D, Clarke B, et al. Quality improvement 
in A crisis: a qualitative study of experiences and lessons 
learned from the irish national ambulance service response to 
the COVID- 19 pandemic. BMJ Open 2022;12:e057162. 

 127 Clarke S, Lyon RM, Short S, et al. A specialist, second- 
tier response to out- of- hospital cardiac arrest: setting up 
TOPCAT2. Emerg Med J 2014;31:405–7. 

 128 Ebbs P, Middleton PM, Bonner A, et al. Do clinical safety 
charts improve paramedic key performance indicator results? 
(a clinical improvement programme evaluation). Emerg Med J 
2012;29:596–7. 

 129 Eckstein M, Alo K. The effect of a quality improvement 
program on paramedic on- scene times for patients with 
penetrating trauma. Acad Emerg Med 1999;6:191–5. 

 130 Hubner P, Lobmeyr E, Wallmüller C, et al. Improvements in 
the quality of advanced life support and patient outcome after 

implementation of a standardized real- life post- resuscitation 
feedback system. Resuscitation 2017;120:38–44. 

 131 Park JH, Shin SD, Ro YS, et al. Implementation of a bundle 
of utstein cardiopulmonary resuscitation programs to 
improve survival outcomes after out- of- hospital cardiac 
arrest in a metropolis: a before and after study. Resuscitation 
2018;130:124–32. 

 132 Tanaka Y, Taniguchi J, Wato Y, et al. The continuous quality 
improvement project for telephone- assisted instruction of 
cardiopulmonary resuscitation increased the incidence of 
bystander CPR and improved the outcomes of out- of- hospital 
cardiac arrests. Resuscitation 2012;83:1235–41. 

 133 Tödt T, Thylén I, Alfredsson J, et al. Strategies to 
reduce time delays in patients with acute coronary 
heart disease treated with primary PCI -- the stop watch 
study: a multistage action research project. BMJ Open 
2013;3:e003493. 

 134 Lyon RM, Clarke S, Milligan D, et al. Resuscitation feedback 
and targeted education improves quality of pre- hospital 
resuscitation in Scotland. Resuscitation 2012;83:70–5. 

 135 Walters G, D’Auria D, Glucksman E. Automated external 
defibrillators: implications for training qualified ambulance 
staff. Ann Emerg Med 1992;21:692–7. 

 136 Bleijenberg E, Koster RW, de Vries H, et al. The impact of 
post- resuscitation feedback for paramedics on the quality of 
cardiopulmonary resuscitation. Resuscitation 2017;110:1–5. 

 137 Clawson JJ, Cady GA, Martin RL, et al. Effect of a 
comprehensive quality management process on compliance 
with protocol in an emergency medical dispatch center. Ann 
Emerg Med 1998;32:578–84. 

 138 O’Connor RE, Megargel RE. The effect of a quality 
improvement feedback loop on paramedic skills, charting, 
and behavior. Prehosp Disaster Med 1994;9:35–8. 

 139 Scholz KH, Friede T, Meyer T, et al. Prognostic significance 
of emergency department bypass in stable and unstable 
patients with ST- segment elevation myocardial infarction. Eur 
Heart J Acute Cardiovasc Care 2020;9:34–44. 

 140 Scholz KH, Lengenfelder B, Jacobshagen C, et al. Long- 
term effects of a standardized feedback- driven quality 
improvement program for timely reperfusion therapy in 
regional STEMI care networks. Eur Heart J Acute Cardiovasc 
Care 2020:2048872620907323. 

 141 Scholz KH, Maier SKG, Jung J, et al. Reduction in 
treatment times through formalized data feedback: results 
from a prospective multicenter study of ST- segment 
elevation myocardial infarction. JACC Cardiovasc Interv 
2012;5:848–57. 

 142 Scholz KH, Meyer T, Lengenfelder B, et al. Patient delay 
and benefit of timely reperfusion in ST- segment elevation 
myocardial infarction. Open Heart 2021;8:e001650. 

 143 Scott JW, Nyinawankusi JD, Enumah S, et al. Improving 
prehospital trauma care in rwanda through continuous 
quality improvement: an interrupted time series analysis. 
Injury 2017;48:1376–81. 

 144 Swor RA, Hoelzer M. A computer- assisted quality assurance 
audit in a multiprovider EMS system. Ann Emerg Med 
1990;19:286–90. 

 145 Bahouth H, Abramov R, Bodas M, et al. The feedback form 
and its role in improving the quality of trauma care. Int J 
Environ Res Public Health 2022;19:1866. 

 on A
pril 10, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2022-015634 on 7 A

pril 2023. D
ow

nloaded from
 

View publication stats

http://dx.doi.org/10.2196/34522
http://dx.doi.org/10.2196/34522
http://dx.doi.org/10.1080/10903127.2022.2107123
http://dx.doi.org/10.1016/j.amj.2013.05.007
http://dx.doi.org/10.1016/j.annemergmed.2014.07.003
http://dx.doi.org/10.1016/j.ienj.2012.07.002
http://dx.doi.org/10.1186/s13049-017-0434-5
http://dx.doi.org/10.1186/s13049-017-0434-5
http://dx.doi.org/10.1186/s13049-018-0561-7
http://dx.doi.org/10.1186/s13049-018-0561-7
http://dx.doi.org/10.1080/14739879.2021.1894992
http://dx.doi.org/10.1177/2057158520946646
http://dx.doi.org/10.1136/emj.2006.043539
http://dx.doi.org/10.1038/s41372-019-0409-7
http://dx.doi.org/10.1038/s41372-019-0409-7
http://dx.doi.org/10.1136/bmjopen-2021-057162
http://dx.doi.org/10.1136/emermed-2012-202232
http://dx.doi.org/10.1136/emj.2010.099275
http://dx.doi.org/10.1111/j.1553-2712.1999.tb00154.x
http://dx.doi.org/10.1016/j.resuscitation.2017.08.235
http://dx.doi.org/10.1016/j.resuscitation.2018.07.019
http://dx.doi.org/10.1016/j.resuscitation.2012.02.013
http://dx.doi.org/10.1136/bmjopen-2013-003493
http://dx.doi.org/10.1016/j.resuscitation.2011.07.016
http://dx.doi.org/10.1016/s0196-0644(05)82781-7
http://dx.doi.org/10.1016/j.resuscitation.2016.08.034
http://dx.doi.org/10.1016/s0196-0644(98)70036-8
http://dx.doi.org/10.1016/s0196-0644(98)70036-8
http://dx.doi.org/10.1017/S1049023X00040814
http://dx.doi.org/10.1177/2048872618813907
http://dx.doi.org/10.1177/2048872618813907
http://dx.doi.org/10.1177/2048872620907323
http://dx.doi.org/10.1177/2048872620907323
http://dx.doi.org/10.1016/j.jcin.2012.04.012
http://dx.doi.org/10.1136/openhrt-2021-001650
http://dx.doi.org/10.1016/j.injury.2017.03.050
http://dx.doi.org/10.1016/s0196-0644(05)82048-7
http://dx.doi.org/10.3390/ijerph19031866
http://dx.doi.org/10.3390/ijerph19031866
http://qualitysafety.bmj.com/
https://www.researchgate.net/publication/369891895

	Types and effects of feedback for emergency ambulance staff: a systematic mixed studies review and€meta-�analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Study inclusion and exclusion criteria
	Study selection
	Study quality assessment
	Data extraction
	Data synthesis
	Quality of evidence

	Results
	Study characteristics
	Quality assessment
	Feedback intervention types and designs within EMS (interventional studies)
	Outcomes and effectiveness of feedback interventions (interventional studies)
	Mechanisms of feedback effects (interventional and non-interventional studies)
	EMS professionals’ evaluation of feedback provision (non-interventional studies)
	Key contextual factors for feedback interventions (non-interventional studies)

	Discussion
	Implications and recommendations
	Strengths and limitations

	Conclusions
	References


