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Strengths and limitations of this study

 ► This is the first study putting the EQUIPE (Establishing 
Quality Indicators in Physician- staffed Emergency 
Medical Services) quality indicators (QIs), developed 
specifically for physician- staffed emergency medi-
cal services, into a clinical setting.

 ► A prospective multicentre study involving 16 Nordic 
physician- staffed helicopter emergency medical 
services.

 ► The QIs are assessed for important QI characteristics.
 ► Benchmarks for future quality measurement are 
proposed.

 ► Except from the feasibility of the QIs, the assess-
ment of the different QI characteristics was done by 
the author group.

AbStrACt
Objectives A consensus study from 2017 developed 15 
response- specific quality indicators (QIs) for physician- 
staffed emergency medical services (P- EMS). The aim of this 
study was to test these QIs for important characteristics in 
a real clinical setting. These characteristics were feasibility, 
rankability, variability, actionability and documentation. We 
further aimed to propose benchmarks for future quality 
measurements in P- EMS.
Design In this prospective observational study, physician- 
staffed helicopter emergency services registered data for 
the 15 QIs. The feasibility of the QIs was assessed based 
on the comments of the recording physicians. The other 
four QI characteristics were assessed by the authors. 
Benchmarks were proposed based on the quartiles in the 
dataset.
Setting Nordic physician- staffed helicopter emergency 
medical services.
Participants 16 physician- staffed helicopter emergency 
services in Finland, Sweden, Denmark and Norway.
results The dataset consists of 5638 requests to the 
participating P- EMSs. There were 2814 requests resulting 
in completed responses with patient contact. All QIs 
were feasible to obtain. The variability of 14 out of 15 
QIs was adequate. Rankability was adequate for all QIs. 
Actionability was assessed as being adequate for 10 QIs. 
Documentation was adequate for 14 QIs. Benchmarks for 
all QIs were proposed.
Conclusions All 15 QIs seem possible to use in everyday 
quality measurement and improvement. However, it seems 
reasonable to not analyse the QI ‘Adverse Events’ with 
a strictly quantitative approach because of a low rate of 
adverse events. Rather, this QI should be used to identify 
adverse events so that they can be analysed as sentinel 
events. The actionability of the QIs ‘Able to respond 
immediately when alarmed’, ‘Time to arrival of P- EMS’, 
‘Time to preferred destination’, ‘Provision of advanced 
treatment’ and ‘Significant logistical contribution’ was 
assessed as being poor. Benchmarks for the QIs and a total 
quality score are proposed for future quality measurements.

IntrODuCtIOn
background/rationale
The importance of quality improvement in 
healthcare has been recognised by leading 

health organisations and in landmark publi-
cations.1–4 However, publications on quality 
measurement in physician- staffed emer-
gency medical services (P- EMS) are rare.5 
For prehospital services in general, and 
P- EMS specifically, more research on quality 
measurement has been warranted.6 7 More-
over, it has been argued that quality assur-
ance and even quality improvement in P- EMS 
requires a model for quality estimation to 
achieve appropriate governance.8 Quality 
measurements are an obvious prerequisite 
for quality improvement. A first initial step 
is the development of appropriate tools for 
quality measurement, that is, quality indica-
tors (QIs). A QI can be defined as a measur-
able element of performance for which there 
is evidence or consensus that it can be used 
to assess the quality and hence change the 
quality of care provided.9

No comprehensive set of systematically 
developed QIs are registered in P- EMS in 
Sweden, Denmark, Finland and Norway. 
Attempts on extracting information 
concerning the quality of the service have 
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primarily been limited to time variables.10 Response 
time has been widely used for quality assessment but may 
have been overemphasised and is not applicable for all 
prehospital emergency medical activity.11 Time variables 
primarily describe the transport component of P- EMS. 
This information is necessary but not sufficient for quality 
assessment. The care component of P- EMS also has to be 
addressed. In fact, The Institute of Medicine, a US inde-
pendent non- governmental research organisation, has 
defined six quality dimensions that should be addressed 
when measuring the overall quality of a health service12: 
patient centredness, safety, effectiveness, efficiency, 
equity and timeliness. If only one or a few of these quality 
dimensions are addressed, the result can be a simplistic 
and narrow quality measurement.

In 2018, we published a systematic literature review 
describing quality measurement studies in P- EMS.5 There 
was no common understanding in the studies as to which 
QIs to use. Moreover, 15 out of the 27 identified studies 
used only one QI. This increases the risk of a one- sided 
approach in quality measurement. The review concludes 
that future quality measurement in P- EMS should be done 
based on a consensus- based set of QIs rather than a single 
QI to ensure a comprehensive quality measurement. In 
another recent study, we developed a set of multidimen-
sional QIs for P- EMS through a consensus process. These 
QIs were called the EQUIPE (Establishing Quality Indica-
tors in Physician- staffed Emergency Medical Services) QIs 
(online supplementary file 1). Panellists from different 
stakeholder groups agreed on 15 response- specific QIs for 
P- EMS.13 These are QIs that should be feasible to collect 
from any P- EMS response during the prehospital time 
interval or in the emergency department at handover. 
Despite methodically correct development, QIs are not 
necessarily suitable in real datasets. The actual QIs have 
not yet been tested in clinical datasets. Based on modern 
framework for QI efforts, the next stage in the develop-
ment of QIs for P- EMS should be testing for critical QI 
characteristics (feasibility, rankability, variability, action-
ability and documentation).

Objectives
The aim of this study was to test the multidimensional 
QIs for the above- mentioned characteristics in a real clin-
ical setting. We further aimed to propose benchmarks for 
future quality measurement in P- EMS based on the data 
in this study.

MethODS
Study design and setting
In this prospective observational study, 16 physician- 
staffed helicopter emergency services in Finland, Sweden, 
Denmark and Norway registered data for the EQUIPE 
quality indicators. There has previously been documented 
significant system similarities in the P- EMS of the four 
participating countries, making them a suitable arena for 
multicentre studies.14 The Nordic countries have a mix 

of urban of rural areas with a rather low overall popu-
lation density (19.6 inhabitants/km2). The prehospital 
incidence of critical illness and injury in these countries 
has been documented to be 25–30/10 000 person- years.15 
The physicians staffing Nordic P- EMS are usually expe-
rienced anaesthesiologists, most of them working both 
in P- EMS and in hospitals.14 16 All Nordic services do 
primary responses, and the Swedish, Danish and Norwe-
gian services also do secondary responses; the former is 
defined as responses where the patient is located outside 
a hospital, and the latter is interhospital transfers. More-
over, the Norwegian services also do search and rescue 
responses (SAR responses). In addition, one Swedish 
(Karlstad) and all Finnish and Norwegian bases dispose 
a rapid response car for responses close to the base and 
for responses in poor weather conditions that prevent 
flight operations. The study applied Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.17

Inclusion criteria and data variables
We included every request to the P- EMS to dispatch the 
P- EMS unit. Thus, we could include both completed and 
cancelled responses, as well as stand- downs (responses 
cancelled by dispatch or crews on- scene) and rejected 
responses. Examples of reasons for rejecting a response 
might be weather conditions or the lack of medical need 
as judged by the P- EMS physician. The latter is possible 
in Sweden, Finland and Norway where the acceptance 
or rejection of a response is at the P- EMS physicians’ 
discretion. Inquiries with counselling as the only purpose 
were excluded. Primary and secondary responses as well 
as SAR responses were included. For bases with both a 
helicopter and a rapid response car, responses were 
included regardless of the mode of transportation. All 
15 EQUIPE QIs were registered in responses involving 
patient contact.13 Only 4 of the 15 QIs were registered 
in responses not involving patient contact (QIs 1, 6, 7, 
10). Data were collected for 3 months (from 10 June to 12 
September 2016).

Data sources/measurement
Finland collected the necessary data by including the QIs 
as part of their existing documentation database (Finn-
HEMS database, FHDB). FHDB is a national database, 
including both response and patient data where all HEMS 
units register all responses. Some QIs could be gathered 
from the existing data (eg, time stamps) and those that 
could not were implemented either as permanent vari-
ables or on a separate study sheet. It was mandatory to fill 
in all the QIs in the system. The other nations registered 
the same data by using a web- based questionnaire (Form-
site; Vroman Systems, Chicago, Illinois, USA). In all 
nations, the data were collected after completed response 
by the P- EMS physician. The four national investigators 
monitored the documentation of participating P- EMS 
bases to secure accurate data collection.
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The first 2 weeks of the data collection period (from 10 
June to 24 June 2016) was a feasibility test; we wanted to 
study if the QIs from the consensus process were feasible 
to collect in the everyday of P- EMS. The feasibility test was 
done as a pilot study involving the same Finnish, Swedish 
and Danish bases that participated in the main study. 
However, only two Norwegian bases participated in this 
pilot study (Trondheim and Ørland). We considered this 
sample sufficient because feasibility tests can be run in 
a small scale.18 Here, all the recording physicians could 
comment on the feasibility of obtaining the necessary 
data. An assessment of the feasibility of the QIs was done 
after these 2 weeks. This was done based on comments 
from the recording physicians. After these 2 weeks of 
feasibility testing, we adapted and clarified the wording 
of some QIs and then continued the data collection for a 
total of 3 months.

We assessed four other important characteristics of QIs 
in addition to feasibility: rankability, variability, action-
ability and documentation.19 20 This was done according 
to the criteria for good QIs defined by the Organisation 
for Economic Cooperation and Development and the 
Agency for Healthcare Research and Quality.

Rankability is assessed by judging if a QI has a clear 
direction of good and bad, that is, the QI has a good rank-
ability if high values for a QI are always better than low 
values. Conversely, rankability is poor if high values are 
better than low values but very high values are worse than 
low values.

According to criteria for QIs, a good QI must have 
enough variability to allow for improvement. To assess 
variability, we calculated the mean and median as well as 
the corresponding variance for each of the QIs based on 
the data collected after the feasibility test. This illustrates 
both the average performance and the variation in the 
participating Nordic P- EMSs. To the best of our knowl-
edge, there is no definition of how much variability a QI 
should have to be useful. This implies that the assessment 
of variance is somewhat arbitrary.

Actionability is the possibility of influencing the QI 
performance. For instance, a P- EMS has limited oppor-
tunity to reduce the time to definitive care because this 
mainly depends on the distances that the P- EMS unit has 
to work with. In that case, actionability is rather low.

Furthermore, for a QI to be valid, the process or struc-
ture of defining the QI must have been documented to 
give better outcome. The degree of such documentation 
was assessed for each QI.

We do not report which results belong to the specific 
P- EMS bases simply because the aim of this study was to 
assess the characteristics of the QIs and not to compare 
the performance of the participating services.

Missing data
Due to technical solutions, the QIs ‘P- EMS involvement in 
dispatch’ and ‘Debriefed responses’ were registered only 
in responses with patient contact in Finland; however, 
these QIs were registered for all responses in the other 

three nations. The proportion of missing data for the 
QIs varied between 0.2% and 0.9%. Missing observations 
were acknowledged and omitted from the analysis. All 
analyses were done on variables present, thus minimising 
information loss.

Statistical methods
Descriptive statistics are reported. The QI proportions 
were recorded for QIs that are categorical variables; time 
was recorded in minutes for QIs that were continuous 
time variables. All QIs are reported by the mean and the 
corresponding 95% CI as well as the median with corre-
sponding IQR.

We also used figures from the 16 P- EMS bases to 
propose benchmarks for all QIs. We set the benchmark at 
the lower end of the fourth quartile for QIs where higher 
values reflect better performance. For QIs where lower 
values reflect better performance, we have set the bench-
mark at the highest end of the first quartile. We depicted 
the benchmarking graphically so that performances 
within the IQR are shown in yellow. Performances better 
than the IQR level are in green, and those worse than the 
IQR level are red.

ethics approval and consent to participate
According to the approvals from all four countries, the 
data were obtained without informed consent from 
patients or their next- of- kin. As stated in the study 
protocol, there was no deviation from regular clinical 
practice during the study period.

Patient and public involvement
The QIs used in this study were developed by an expert 
panel through a consensus process.13 One of the 18 
members of the expert panel was a leader from a leading 
Norwegian patient organisation. This was done to secure 
user- expertise in the development of QIs.

For this particular study, no patients were involved in 
setting the research question, nor were they involved 
in the design or conduct of the study. No patients were 
asked to advise on the interpretation or writing up of 
results. The results will be disseminated via our local 
authorities and conference presentations. There are no 
plans to disseminate the results of the research to study 
participants.

reSultS
Despite the thorough and explicit definitions of QIs, a 
feasibility test was done first because this generally iden-
tifies variables that require modification. Omitting the 
feasibility test is not recommended.18 Based on the expe-
riences and comments from both recording physicians 
and the national coordinators during the 2 weeks feasi-
bility test, we concluded that the necessary input data for 
the QIs were available in the participating services. There 
was no feedback indicating that the data were difficult 
to obtain. However, the definition of four QIs required 
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Figure 1 Study population with type of dispatch for physician- staffed emergency medical services (P- EMS) responses with 
patient contact.

Table 1 Essential characteristics of the applied quality indicators

Quality indicator Feasibility Rankability Variability Actionability Documentation

Able to respond immediately when alarmed Good Good Good Poor Fair28 29

Time to arrival of P- EMS Good Good Good Poor Fair28 29

On scene time Good Fair Fair Good Fair11 30–32

Time to preferred destination Good Good Good Poor Good33 34

Patients arriving hospital alive Good Good Fair Fair Good35 36

Debriefed responses Good Good Good Good Fair37 38

Adverse events Good Good Poor Good Good39 40

Complete documentation Good Good Good Good Good41 42

Guidelines for actual medical problem Good Good Good Good Fair43–46

P- EMS involvement in dispatch Good Good Good Fair Poor47

P- EMS necessary to provide appropriate care Good Good Good Fair Fair48 49

Provision of advanced treatment Good Good Good Poor Fair50 51

Significant logistical contribution Good Good Good Poor Good33 34 52

Patients enrolled in research projects Good Good Fair Good Fair7

Care for relatives Good Good Fair Good Fair53–55

P- EMS, physician- staffed emergency medical services.

clarification. The changes done by the study group are 
documented in online supplementary file 2.

Participants and descriptive data
The dataset consists of 5638 requests for P- EMS. There 
were 2814 requests that resulted in completed responses 
with patient contact. Reasons for requests without patient 
contact may be cancelled responses, rejected responses 
due to weather or no need for P- EMS as judged by the 
P- EMS physician. The different dispatch types for the 
responses with patient contact are depicted in figure 1.

Outcome data and main results
The assessment of the QI feasibility, variability, rank-
ability, actionability and documentation is depicted in 
table 1. The feasibility assessment was done based on 
comments from the recording physicians. The other four 
QI characteristics were assessed by the authors. The vari-
ability assessment of the QIs was based on the figures in 
table 2; the base- specific mean and median values with 
corresponding variances are shown for each QI. Docu-
mentation was assessed based on the existing literature.
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Table 2 Variability of QIs (note: the columns ‘minimum mean value’ and ‘maximum mean value’ refer to the lowest and 
highest mean values from the participating P- EMS bases)

QI

No. of 
responses 
included Missing (N) Unit of QI Mean (95% CI) Median (IQR)

Minimum 
mean 
value

Maximum 
mean value

Able to respond immediately 
when alarmed

5599 39 % 89 (86 to 92) 90 (84–94) 78 97

Time to arrival of P- EMS 2428 6 minutes 27 (24 to 30) 26 (23–31) 18 36

On scene time 2427 7 minutes 20 (19 to 22) 21 (19–22) 14 26

Time to preferred destination 2226 19 minutes 63 (59 to 67) 63 (58–69) 46 74

Patients arriving hospital alive 2809 5 % 91 (89 to 93) 92 (88–94) 85 98

Debriefed responses 2809 5 % 74 (64 to 83) 78 (64–88) 29 97

Adverse events 5572 27 % 2 (1 to 3) 1 (1–3) 1 7

Complete documentation 2798 16 % 64 (51 to 76) 76 (34–80) 25 91

Guidelines for actual medical 
problem

2802 12 % 60 (48 to 72) 64 (45–77) 15 87

P- EMS involvement in dispatch 3669 29 % 47 (27 to 66) 34 (12–94) 7 98

P- EMS necessary to provide 
appropriate care

2808 6 % 39 (35 to 43) 39 (34–43) 27 52

Provision of advanced treatment 2804 10 % 49 (43 to 55) 48 (39–58) 33 71

Significant logistical contribution 2795 19 % 43 (32 to 55) 51 (24–58) 6 80

Patients enrolled in research 
projects

2788 26 % 6 (–1 to 13) 0 (1–3) 0 40

Care for relatives 2803 11 % 94 (92 to 96) 94 (93–97) 87 100

P- EMS, physician- staffed emergency medical services; QI, quality indicator.

Actionability was assessed as adequate for 10 QIs. The 
actionability of the QI ‘Able to respond immediately 
when alarmed’ was assessed as being poor because this 
is primarily determined by weather and concurrency 
conflicts. Further, the actionability was assessed as being 
poor for the QIs ‘Time to arrival of P- EMS’ and ‘Time 
to preferred destination’ because these time variables 
largely depend on where the patient is located geograph-
ically, and the P- EMS service cannot influence this. More-
over, the actionability was assessed as being poor for the 
QIs ‘Provision of advanced treatment’ and ‘Significant 
logistical contribution’. In our opinion, this is primarily 
the case for P- EMS services who are not involved in the 
dispatch decision. The actionability of these two QIs is 
fair in P- EMS services where the acceptance of a request 
is at the P- EMS physician’s discretion.

We used the data from the participating bases as a 
description of the current performance status pertaining 
to the QIs. Based on these figures, we proposed a bench-
mark level and a graphical presentation of three perfor-
mance levels for the different QIs. Yellow area represents 
average performance, red represents low performance 
and green is high performance. Our objective was that 
these benchmarks serve as a tool for quality improvement 
in comparable P- EMSs in the future. The benchmarking 
is presented in figure 2.

Table 3 shows how the benchmarking system can 
compare the performance of different bases. In the actual 

example, we used two of the participating bases as examples 
and call them Base 1 and Base 2. In the table, the actual 
value for each QI and its corresponding benchmark colour 
is depicted for all 15 QIs. For every high performance, the 
bases are given one point. For every low performance, the 
bases are given −1 point. The average performances are 
given 0 point. Thus, we end up with a sum or a total quality 
score that is between −15 and 15 for each base.

DISCuSSIOn
Key results
A set of 15 QIs were developed by an expert panel for 
P- EMS and were tested by applying the QIs in 5638 
responses from 16 Nordic P- EMS bases. The feasibility of 
obtaining the necessary data for these QIs was good. The 
variability of the QIs was evaluated and is acceptable for 
all QIs except from the QI ‘Adverse events’. We used the 
dataset to propose benchmarks for all QIs as well as a total 
quality score: both of these can be used as tools for future 
quality measurement in P- EMS. Nonetheless, we assessed 
the actionability of some QIs to be low. That is especially 
true for QIs that measure the timeliness of P- EMS.

Interpretation and generalisability
The patients treated by Nordic P- EMS services are hetero-
geneous: primary trauma and medical responses for 
every age group, secondary transports including neonatal 
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Figure 2 Benchmarking of quality indicators (QIs). Green zone, high performance; yellow zone, average performancel; red 
zone, low performance. The benchmark is set at the transition between green and yellow zones and marked with a black and fat 
vertical line.
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Table 3 Illustration of comparison between services using 
the proposed benchmarks

P- EMS base

Quality indicator
Unit of 
QI Base 1 Base 2

Able to respond immediately 
when alarmed

%
    96     83

Time to arrival of P- EMS minutes
    27     24

On scene time minutes
    12     14

Time to preferred 
destination

minutes
    62     62

Patients arriving hospital 
alive

%
    92     95

Debriefed responses %
    88     66

Adverse events %
    3     1

Complete documentation %
    27     34

Guidelines for actual 
medical problem

%
    15     41

P- EMS involvement in 
dispatch

%
    48     95

P- EMS necessary to provide 
appropriate care

%
    35     43

Provision of advanced 
treatment

%
    33     37

Significant logistical 
contribution

%
    50     52

Patients enrolled in research 
projects

%
    0     10

Care for relatives %
    100     96

Total quality score Points 
(Scale: 
−15,15)

-1 1

Time variables are presented as medians as they are not 
normally distributed. The remaining QIs are presented as means 
of proportions.
P- EMS, physician- staffed emergency medical services.

transports and SAR responses, among others. The reason 
for including all kinds of P- EMS responses was to get as 
accurate of a picture as possible to the actual patient 
panorama. The reason for also including P- EMS requests 
without patient contact was to get an impression of safety 
issues, availability and P- EMS involvement in dispatch for 
these responses.

When interpreting quality measurements, it is 
important to be aware that some QI performances may 
intercorrelate. Imagine a mountaineer traumatised 
with spinal injury and neurogenic shock after suffering 
a fall. Packing the patient well to prevent further hypo-
thermia and placement of an arterial line followed by 
vasopressors for adequate blood pressure might prevent 
further neurological injury—even if it takes time. In 

this example, too much focus on reducing on scene 
time could lead to a higher threshold for providing 
advanced treatment to correct deranged physiology. 
For some patients, this can be detrimental. For other 
patient groups, however, for example, patients with 
severe intra- abdominal bleeding and short transpor-
tation time to the nearest hospital, refraining from 
advanced treatment is likely to be beneficial. This illus-
trates that QIs must be interpreted with caution and 
that too much focus on one QI may lead to an unde-
sired attention shift in clinical practice.

Variability
According to Davies et al, there must be a certain degree 
of variability in the corresponding data for a QI to be 
meaningful.21 If all P- EMS services report that they 
have 100% complete documentation every month—for 
example, because the electronic journal system does not 
allow the physicians to document incompletely—then it is 
not an interesting QI for quality improvement initiatives. 
However, a stable performance without much variation 
does not necessarily represent good system performance. 
The entire system may be uniformly underperforming, 
and thus goal- directed quality improvement may be 
indicated.

Even though the variation for a QI may be low within 
a single P- EMS service, there may be a high variation 
when assessing data from all services as a whole. When 
it is considered appropriate to compare single services 
with one another, a QI can still have enough variability 
to be useful. Due to the documented similarities between 
Nordic P- EMSs, including a comparable patient popula-
tion, it is not reasonable to think that a high variability is 
merely a result of different case- mix.14 It plausibly reflects 
real differences in performance.

low rate QIs
As supported by Gisvold et al, we conclude that events 
used as QIs must occur with a certain frequency.22 In 
our dataset, we would describe the QI ‘Adverse events’ 
as a ‘Low rate QI’. Low rate of an event limits statistical 
appraisal, as variation may be the result of chance. More-
over, it is difficult to use low rate of events as a continuous 
QI because changed rates of the event due to improve-
ment efforts are difficult to separate from natural varia-
tion. A strictly quantitative approach to such data might 
therefore be less useful. However, analysing these data 
as ‘sentinel events’, where problems are studied indi-
vidually to identify causal relationships and preventative 
measures, might be an adequate approach. Using the 
QI ‘Adverse events’ for this purpose in the future seems 
reasonable. When rates are too low to do statistically 
meaningful comparisons, qualitative data can be effec-
tive—even from small samples. Qualitative data in quality 
measurement can uncover issues that quantitative data 
may never reveal.23
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Documentation/validity
The validity of a QI depends on a demonstrated link 
between a process or a structure and a higher probability 
of a favourable outcome. These relationships are prefer-
ably based on scientific literature. However, where little 
evidence exists, these linkages can be judged important 
to patient outcomes by clinical experts in a consensus 
process.18 24 The selection process of the QIs tested in this 
study is thus widely accepted.13

If a QI does not satisfy the criteria above (especially 
feasibility, rankability and variability, indicating that the 
variable is ‘statistically’ inappropriate), but the QI is still 
regarded clinical important, the QI may be revised to be 
used for the intended purpose in the future.

benchmarking
The data in this study are assumed representative for the 
P- EMS patient population and therefore transferable to 
other P- EMS bases in the Nordic countries. The number 
of responses is also relatively high. Thus, it seems reason-
able to use the performances in this study as a basis for 
proposing benchmarks for each QI. When doing so, 
there are principally two approaches. The first option is 
to let the average score for the whole group (peer group 
level) serve as the average performance, and then refer to 
low- performance and high- performance groups related 
to average score. The average score will then serve as a 
threshold—and the aim is to perform above this level. 
The second option is defining a higher score, an ‘excel-
lent level’ based on the performances of the best P- EMS 
bases. Performances above this higher level will now be 
the goal; in other words, this is a more ambitious form 
of benchmarking. How to choose the peer group is 
also debatable: the more homogeneous the group, the 
better for reliability. However, a larger group with more 
diversity increases the chance to learn from ‘excellent 
performers’.25

According to Moore, ‘benchmarking is an improve-
ment process used to discover and incorporate best prac-
tices into an operation’.26 When excellent performers 
are known, and benchmarks set, different services can 
measure their performance in relation to these bench-
marks, which can be considered as standards. When 
services reach these standards, new benchmarks can be 
set, thus taking the quality improvement work to an even 
higher level. Moreover, although QIs exist for many areas 
in healthcare, methods to combine them into a single 
total score are underdeveloped.27 We consider that the 
total quality score for P- EMS, as described in this paper, 
can be an additional tool in future quality measurement.

Future needs
Feasible and reliable quality measurement largely 
depends on robust documentation systems to ensure 
proper data quality and to avoid added documentation 
workload for the clinicians. Ideally, as many variables as 
possible should be collected automatically through elec-
tronic data capture.

The relationship between different QI performance 
and a hard endpoint, such as 30- day mortality, remains 
unknown. Therefore, a study exploring this relationship 
is warranted.

limitations
One of the limitations of the current analysis is that the 
attending physicians registered all the data. They are 
therefore subject to registration bias and recall bias.

Except from the feasibility of the QIs, the different 
QI characteristics were assessed by the authors. The 
variability was assessed based on the data (mean and 
median). However, thresholds for defining poor, fair and 
good variability for QIs do not exist, to the best of our 
knowledge. Therefore, conclusions on this topic were a 
result of assessments and consensus among all authors. 
Conclusions on rankability, actionability and documenta-
tion were also resulting from assessment and consensus 
among the authors.

COnCluSIOnS
In this study, a set of 15 QIs developed for P- EMS have 
been tested for necessary QI characteristics. The feasi-
bility of obtaining the necessary data for these QIs was 
good. The variability of the QIs was adequate for all QIs 
except from the QI ‘Adverse events’, which was a ‘Low 
rate QI’. Therefore, it seems reasonable to use this QI 
simply for identifying adverse events and then analyse 
them as ‘sentinel events’, rather than using these data 
in a quantitative analysis. The actionability was assessed 
poor for five QIs. Three of these QIs are measuring the 
timeliness of P- EMS. Some QIs depend on characteristics 
of the P- EMS services that might differ, such as patient 
volume, distances and patient characteristics; thus, they 
should be interpreted with caution for service compar-
ison. However, it seems more straightforward to use these 
QIs for internal quality measurement of a service. To 
aid future quality measurements in P- EMS, benchmarks 
for all QIs have been proposed. In addition, we have 
presented a variable combining the QI performances 
into one single score, the total quality score.
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