
 

 

 
Abstract—The present study aims to develop a dashboard of Key 

Performance Indicators (KPI) to enhance information and predictive 
capabilities in Emergency Medical Services (EMS) systems, 
supporting both operational and strategic decisions of different actors. 
The employed research methodology consists of a first phase of 
revision of the technical-scientific literature concerning the indicators 
currently in use for the performance measurement of EMS. It emerges 
that current studies focus on two distinct areas and independent 
objectives: the ambulance service, a fundamental component of pre-
hospital health treatment, and the patient care in the Emergency 
Department (ED). Conversely, the perspective proposed by this study 
is to consider an integrated view of the ambulance service process and 
the ED process, both essential to ensure high quality of care and patient 
safety. Thus, the proposal covers the end-to-end healthcare service 
process and, as such, allows considering the interconnection between 
the two EMS processes, the pre-hospital and hospital ones, connected 
by the assignment of the patient to a specific ED. In this way, it is 
possible to optimize the entire patient management. Therefore, 
attention is paid even to EMS aspects that in current literature tend to 
be neglected or underestimated. In particular, the integration of the two 
processes enables to evaluate the advantage of an ED selection 
decision having visibility on EDs’ saturation status and therefore 
considering, besides the distance, the available resources and the 
expected waiting times. Starting from a critical review of the KPIs 
proposed in extant literature, the design of the dashboard was carried 
out: the high number of analyzed KPIs was reduced by eliminating 
firstly the ones not in line with the aim of the study and then the ones 
supporting a similar functionality. The KPIs finally selected were 
tested on a realistic dataset, which draw us to exclude additional 
indicators due to unavailability of data required for their computation. 
The final dashboard, that was discussed and validated by experts in the 
field, includes a variety of KPIs able to support operational and 
planning decisions, early warning, and citizens’ awareness on EDs 
accessibility in real time. The association of each KPI to the EMS 
phase it refers to enabled the design of a well-balanced dashboard, 
covering both efficiency and effectiveness performance objectives of 
the entire EMS process. Indeed, just the initial phases related to the 
interconnection between ambulance service and patient care are 
covered by traditional KPIs. Future developments could be directed to 
building a hierarchical dashboard, composed by a high-level minimal 
set of KPIs for measuring the basic performance of the EMS system, 
at an aggregate level, and lower levels of KPIs that bring additional 
and more detailed information on specific performance dimensions or 
EMS phases.  
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I. INTRODUCTION  

EASURING the performance of EMS is essential to 
provide timely and effective treatment to patients. To this 

end, it is necessary to rely on a comprehensive set of KPIs able 
to cover all the significant EMS objectives and activities, thus 
supporting operational decisions of healthcare managers, as 
well as strategic decisions at health system level. 

The approach adopted in this study is the orchestration of the 
entire EMS process: from the transport of the patient with an 
ambulance, to the medical evaluation in the ED, to the final 
patient disposition and departure from the ED. Starting from 
this vision and through a systematic review of the literature, a 
KPI dashboard is proposed to respond to the following uses: 
 Operational (ED selection decision for patients requiring 

ambulances): this use is supported by KPIs measuring the 
resources saturation/availability and the case mix of 
patients present in a specific ED.   

 Planning: this use is supported by KPIs related to resources 
consumptions, type of treatments, effectiveness and 
efficiency performances, etc. 

 Early warning: this use is supported by KPIs able to early 
detect the onset of events to be monitored (e.g. epidemics, 
high inflow of patients). 

 Information to citizens: this use is supported by KPIs that 
improve the accessibility to EMS systems for the entire 
community by providing real time information about the 
EDs status.  

The resulting dashboard is then tested on a realistic dataset 
of Lombardy Region, Italy, with a double purpose: on the one 
side, to evaluate the contribution that each KPI could bring in a 
real context; on the other side, to investigate if the current data 
recording of Lombardy Region is sufficient to monitor the 
entire EMS efficiency and effectiveness.  

The paper is organized as follows: after having described the 
methodology adopted for this research, a brief review about the 
KPIs currently used in the EMS domain will be presented. The 
subsequent section will be focused on the description of the 
steps undertaken to develop the dashboard. Finally, the paper 
ends with the main conclusions and future developments of the 
work. 

II. RESEARCH METHODOLOGY 

The research methodology adopted in this study includes the 
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following steps: 
1. Literature review to gather information about the KPIs 

currently used to measure and evaluate the performances 
of EMS systems; 

2. Identification of new KPIs for improving the management 
of EMS, based on the gaps emerged in literature; 

3. Development of a comprehensive dashboard able to 
monitor all the different phases of EMS systems.  

4. Test of the dashboard of KPIs on a realistic dataset. 

III. LITERATURE REVIEW 

The literature review about KPIs used in EMS domain was 
performed on Scopus through the following research formula: 
("emergency department" OR "emergency medical service") 
AND (health* OR hospital*) AND (KPI OR indicator* OR 
performance).  

It emerged that the current studies are focused on the 
ambulance service or on the ED process, which are considered 
as two separated components of the EMS systems. 

A. Ambulance Service KPIs 

Ambulance service is an essential component of pre-hospital 
health treatment, which includes the following phases (Fig. 1): 
1. Call at operations center that activates an ambulance to be 

sent to the event location. 
2. Pre-hospital care at the event location. At the end of this 

phase, the medical staff of the ambulance evaluates the 
need to transport the patient to an ED; phases 3 and 4 are 
not taken into account if the transport to an ED is not 
required. 

3. Hospital selection decision to assign the patient to the most 
proper ED. 

4. Ambulance load-off. 
5. Ambulance relocation to a predefined base or to a new 

event location. 
Scientific literature [1]-[3] revealed that the KPIs used to 

evaluate the performance of ambulance service (Table I) are 
mainly focused on the first two phases of the process, 
overlooking important aspects of the subsequent phases. 

 

 

Fig. 1 Ambulance service process 
 

TABLE I 
AMBULANCE SERVICE KPIS 

KPI Definition Reference

Response 
time 

Time from the call received at the call center to the 
ambulance arrival at the event location. 

[1], [2] 

Response 
effectiveness 

Percentage of patients waiting for the ambulance less 
than 8 minutes. A 100% value of the KPI implies that 
the 8 minutes response time standard is fully met. 

[3] 

Workload The KPI can be computed as: 
 Number of patients with high priority needs; 
 Number of critical patients that require immediate 

intervention; 
 Number of interventions that require an advanced 

vehicle. 

[3] 

Resources 
availability 

The KPI can be computed according to the different 
resource categories: 
 Availability in unit hours of basic and advanced 

vehicles; 
 Staff availability; 
 Equipment availability. 

[1], [2], 
[3] 

 

B. ED Process KPIs 

The ED process includes the following phases (Fig. 2): 
1. Arrival of the patient to the ED. 
2. Welcome and triage, with the patient identification and the 

assignment of a priority code (Table II).  
3. Clinical evaluation, which includes the medical 

examination of the patient and the stabilization of his 
clinical conditions. At the end of this phase, a code is 
assigned to express the degree of criticality of the patient 

(Table III). 
4. Disposition, which can result in: 
a. Discharge; 
b. Observation; 
c. Admission within a ward of the hospital; 
d. Transfer to another healthcare facility. 
5. Departure, where the patient leaves the ED following the 

path previously established by the disposition. 
 

 

Fig. 2 ED process 
 

By analyzing information from scientific literature, it is 
possible to identify the following categories of KPIs used to 
measure the effectiveness of ED service [5]: 
 Patients flow: KPIs that enable to monitor the ED arrivals, 

considering the totality of patients or specific groups of 
them. Table IV shows the list of KPIs of this category. 

 Time interval: KPIs that enable to monitor the duration of 
the service phases. Table V shows the list of KPIs of this 
category. 
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TABLE II 
PRIORITY CODE ASSIGNED DURING TRIAGE 

Triage code Classification [4] 

Red Emergency: one or more vital functions interrupted or 
compromised 

Yellow Urgency: risk of vital functions compromised or severe pain 
Blue Deferrable urgency: stable condition without evolutionary risk 

that requires complex interventions 
Green Minor urgency: stable condition without evolutionary risk that 

requires simple interventions
White Non-urgency: problem of a minimal clinical relevance 

 

TABLE III 
CRITICALITY CODE ASSIGNED AT THE END OF THE CLINICAL EVALUATION 

Criticality code Classification [4] 

Red Critical patient: one or more vital functions interrupted or 
compromised

Yellow Acute patient: stable condition with a potential degeneration 
of vital parameters

Blue Patient with deferrable urgency: stable condition that 
requires complex non-immediate interventions

Green Patient with minor urgency: stable condition that requires 
simple non-immediate interventions 

White Non-urgent patient: therapy can be scheduled in time 

 
TABLE IV 

PATIENTS FLOW METRICS 

KPI Definition Reference 

ED census Number of daily patients arriving to the ED, with the possibility of specifying the rate per morning, 
evening and night. 

[5]-[8] 

Patients waiting for clinical 
evaluation 

The current number of patients present in the ED waiting for the first medical observation (including 
those on stretchers, on chairs, in hallways and in waiting room).

[5], [7], [9]-[13]  

ED acuity Percentage of arrivals divided by triage acuity (i.e. triage code). [5], [6], [14] 

ED age mix Percentage of arrivals divided by the following categories: 
 Infant, 0-2 years; 
 Pediatric, 3-18 years; 
 Adult, 19-64 years; 
 Geriatric, 65-80 years; 
 Elder geriatric, >80 years. 

[6] 

ED case mix by diagnosis Percentage of arrivals divided by ICD (International Classification of Diseases) code assigned after the 
clinical evaluation. 

[6] 

Left without being seen Total number of patients who leave the ED before examination by a physician, divided by the total 
number of patients who presented to the same ED during a defined time period.

[5]-[7], [10], [14]-[17]

Left before treatment 
completion 

Total number of patients who leave before treatment was completed, divided by the total number of 
patients who presented to the same ED during a defined time period.

[6], [17], [18] 

Admission rate Percentage of patients admitted, divided into: 
 Intensive care unit admission rate; 
 Hospital floor admission rate; 
 ED observation unit admission rate.

[6], [10], [17], [18] 

Transfer rate Percentage of patients transferred to another inpatient facility. [6], [17], [19] 

Medical fit for discharge Number of patients who have finished the first clinical evaluation and do not need further treatment. [13] 

Unallocated patients with 
decision to admit 

Number of patients that have finished the clinical examination, not discharged, but waiting to be 
admitted to the hospital, thus occupying resources.

[13] 

Inpatients rate Percentage of patients in ED that have been admitted but have not been transferred to ward due to lack 
of bed availability. 

[9] 

One-to-one patients Number of patients undergone to ventilator. In case of unavailability of the data, it can be approximated 
by the number of patients with a red triage code for less than three hours. 

[26] 

Crowdedness index Ratio between the current loading of ED (i.e. medical resources occupied by all patients currently 
present in the ED, approximated by the number of patients in ED) and the full capacity of ED. 
Differentiating the patients based on their length of stay in the ED, the KPI allows identifying the cause 
of overcrowding: 
 Patient flow: ratio between the number of patients with a length of stay lower than 24 hours, and the 

full capacity. 
 Non-allocation type 1: ratio between the number of patients with a length of stay between 24 and 48 

hours, and the full capacity. 
 Non-allocation type 2: ratio between the number of patients with a length of stay higher than 48 

hours, and the full capacity. 

[20], [26] 

Patient flow index Ratio between the number of patients arriving to the ED in the specific day and the 91st percentile of the 
patients historically arrived to the ED (calculated on the arrival distribution of the previous year). 

[26] 

NEDOCS Evaluation of the ED saturation status considering the following potential situations: 
 Calm: operators are busy but not overloaded; 
 High load: operators are loaded but the ED status is still manageable; 
 Overcrowding: the request for healthcare services exceeds the availability; 
 Critical overcrowding: the ED is in a critical situation; 
 Extreme overcrowding: the ED is close to collapse.

[26] 

 

 Resources: KPIs that enable to monitor the available 
resources in the ED. Table VI shows the list of KPIs of this 
category. 

 Quality: KPIs that enable to monitor the effectiveness of 
the service offered by the ED. Table VII shows the list of 
KPIs of this category. 

 Cost: KPIs related to the number and the type of healthcare 
treatments provided to the patients. This category will not 
be further investigated since it is not part of the uses for 
which the dashboard has been developed. 

The information collected from literature were integrated 
with the KPIs present on Emergency Urgency OnLine (EUOL) 
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system adopted in Lombardy Region, which is an information 
sharing platform used by hospitals and ambulance operations 

centers. 

 
TABLE V 

TIME INTERVAL METRICS 

KPI Definition Reference 

Load-off time Time interval between patient arrival in ambulance and the transfer of care to ED staff. [21] 

Length of stay Time interval between the arrival in ED and the physical departure by the ED. This is tracked for the 
following subsets of patients: 
 Admitted patients; 
 Discharged patients; 
 Transferred patients. 

[5]-[10], [14], [16]-[18], 
[21], [22] 

Length of stay index Ratio of the actual length of stay by the theoretical length of stay for the non-urgent patients. [11] 

Time to triage Time interval between the arrival in ED and the beginning of triage process. [5], [7], [18], [23] 

Time to nursing assessment Time interval between the arrival in ED and the initial nursing review. [11], [15], [23] 

Arrival to treatment space Time interval between the arrival in ED and the placement in an ED treatment space. [6], [15], [17] 

Door to doctor Time interval between the arrival in ED and the first provider contact (examination by a physician). 
The KPI can be tracked distinguishing patients by triage code.

[5]-[7], [10]-[12], [14], 
[16], [18], [21], [22], [26]

Triage to provider Time from assignment of triage category to the first medical examination. [9] 

Treatment space to provider Time interval between the placement in an ED treatment space and the first provider contact 
(examination by a physician). 

[6] 

Provider to disposition Time interval between the first provider contact and the disposition order. According to the 
disposition, the KPI can be calculated as: 
 Doctor to discharge: the time interval between medical doctor contact with the patient and 

discharge. 
 Doctor to decision to admit: the time interval between medical doctor contact with the patient and 

the decision to admit. 
 Doctor to decision to transfer: the time interval between medical doctor contact with the patient 

and the decision to transfer to another facility.

[6], [14], [17], [18], [21] 

Disposition to departure Time interval between the disposition order and the physical departure from the ED. According to the 
disposition, the KPI can be calculated as: 
 Admit to departure: time from the admission decision to the departure to floor. 
 Transfer to departure: time from the transfer decision to the ambulance diversion.

[5], [6], [9], [21], [23], [26]

Time in observation Average time spent in observation in the last 48 hours. [26] 

 
TABLE VI 

RESOURCE METRICS 

KPI Definition Reference

Physician 
hours 

Total number of physician hours per 100 ED 
visits. 

[6] 

Nursing hours Total number of direct care clinical nursing 
hours per 100 ED visits.

[6] 

Patient-
Doctor ratio 

Ratio of the number of patients present in the 
ED by the number of physicians. 

[10], 
[11], [18]

Patient-Nurse 
ratio 

Ratio of the number of patients present in the 
ED by the number of nurses. 

[10], [18]

Number of 
beds 

Number of beds specifying the available, extra, 
occupied and reserved ones. 

[5], [9] 

Stretcher 
occupancy 

Percentage of ED stretcher hours/day occupied 
by inpatients. 

[21] 

IV. DASHBOARD DEVELOPMENT 

The novelty brought by this study, compared to the current 
dashboards of indicators used in the context of EMS, is 
represented by the use of an integrated vision of the ambulance 
service process and the ED process (Fig. 3), both essential in 
guaranteeing quality performance to the patient. Consequently, 
the evaluation of the EMS system takes on a new perspective 
based no longer on the individual components of the process, 
but on the overall performance of the entire process and 
according to a patient-centered view. To include this view, an 
indicator has been defined, called Patient Throughput Time, 
which will be calculated in two different ways: 
1. Net Patient Throughput Time: time between the start of the 

journey to the ED and the disposition. 

2. Gross Patient Throughput Time: time between the start of 
the journey to the ED and the departure. 

This new perspective makes it possible to evaluate the 
advantage of an ED selection decision having visibility on EDs’ 
saturation status and therefore considering, besides the distance, 
the available resources and the expected waiting times. 

Further KPIs were also introduced to fill the gaps that 
emerged in the literature:  
 ED case mix by problem: percentage of arrivals divided by 

main problem assigned at the time of triage, according to 
the classification provided by the Ministry of Health [25]. 

 ED case mix by mode: percentage of arrivals divided by 
arrival mode (autonomous or with emergency vehicle).  

 Travel time: time between the start of the ambulance 
journey to the ED and the arrival at the ED. 

 Provider to departure: time between the start of the clinical 
evaluation and the actual departure of the patient from the 
ED. 

 Triage code appropriateness: appropriateness of the 
assignment of the priority code assigned during triage 
compared to the criticality code assigned at the end of the 
clinical evaluation. 

Starting from these considerations, the most appropriate 
KPIs were identified to respond to the different uses (i.e., 
operational, planning, early warning, information to citizens) 
following the logic shown in Fig. 4. In particular, from the 52 
indicators identified by the literature analysis, a process of 
exclusion began following various criteria: 
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1. Exclusion of KPIs not in line with the objectives of the 
study: 

a. The whole KPI category of ambulance service (they focus 
only on the response following the call). 

b. The whole cost category. 
c. Among the patients flow metrics: ED age mix and One-to-

one patients. 
d. Among the time interval metrics: Time in observation. 

 
 

TABLE VII 
QUALITY METRICS 

KPI Definition Reference 
Unplanned re-

attendances 
Ratio between the number of patients that enters the ED within n days following an ED discharge, and the number 
of patients discharge in the reference period.

[5], [6], [15], [17], [19]

Position index  Percentage of arrivals with green criticality code and admitted to ward; 
 Percentage of arrivals with yellow criticality code and discharged; 
 Percentage of arrivals with red criticality code and discharged; 
 Percentage of arrivals with white triage code and white criticality code.

[24] 

Performance index  Percentage of arrivals with white triage code and white criticality code that do at least two medical examinations; 
 Percentage of arrivals with green triage code and white criticality code. 
 Percentage of arrivals with yellow triage code, white criticality code and admitted to ward; 
 Percentage of arrivals with red triage code, white criticality code and admitted to ward.

[24] 

Data consistency 
index 

 Percentage of arrivals with white criticality code and admitted to ward; 
 Percentage of arrivals with disposition “left without being seen” and criticality code “not applicable”; 
 Percentage of arrivals with red triage code and disposition “arrived as corpse”; 
 Percentage of arrivals with black triage code and disposition “arrived as corpse”; 
 Percentage of arrivals with white triage code and white criticality code that are undergone to a single medical 

examination; 
 Percentage of arrivals with disposition “left before treatment” and classified with a white criticality code. 

[24] 

Length of stay 
compliance 

Percentage of arrivals with a length of stay within 8 hours (excluding patients admitted in observation). A value of 
100% implies a fully compliance of the standard time fixed by regulations.

[24] 

Response time 
compliance 

It enables to monitor the compliance and effectiveness of response according to the priority code assigned: 
 Percentage arrivals with yellow code examined within 15 minutes; 
 Percentage arrivals with blue code examined within 60 minutes; 
 Percentage arrivals with green code examined within 120 minutes; 
 Percentage arrivals with white code examined within 240 minutes. 
A value of 100% implies a fully compliance of the standard time fixed by regulations.

[22], [24] 

 

 

Fig. 3 EMS process considered 
 

2. Exclusion of KPIs that are similar to each other and/or 
redundant because they are useful for the same purpose. To 
this end, the indicators have been classified according to 
their functionality (effectiveness or efficiency) and have 
been associated with one or more phases of the EMS 
process. This made it possible to identify the indicators 
useful for the same functionality and at the same phase of 
the process, to eliminate redundant and/or similar ones: 

a. Among the patients flow metrics: ED census, Left without 
being seen, Medical fit for discharge, Unallocated patients 
with decision to admit. 

b. Among the time interval metrics: Length of stay, Length of 
stay index, Time to nursing assessment, Arrival to 
treatment space, Door to doctor, Treatment space to 
provider. 

c. Among the resource metrics: Physician hours, Nursing 

hours, Number of beds, Stretcher occupancy. 
d. Among the quality metrics: Unplanned re-attendances, 

Position index, Performance index. 
3. Exclusion of KPIs that cannot be calculated due to the 

unavailability of data. The dashboard test was carried out 
on data from the EUOL dataset of Lombardy Region, Italy. 
It was decided to take as a reference the data for 2019, 2020 
and 2021 relating to the territories of Milan and Monza-
Brianza which include a catchment area of about 4 million 
citizens. In this way, it was possible to compare the metrics 
in a "standard" situation (i.e., a pre-COVID-19 situation), 
in a highly critical situation (the beginning of the COVID-
19 emergency) and in a situation of gradual restoration of 
the original conditions (context of coexistence with 
COVID-19). This phase led to the exclusion of the 
following KPIs: 
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a. Among the patients flow metrics: Inpatients rate. 
b. Among the time interval metrics: Travel time, Time to 

triage. 
c. Among the resource metrics: Patient-Doctor ratio, 

Patient-Nurse ratio. 
Following this process, it was possible to select the 22 KPIs 

included in the final dashboard, which was then discussed and 
evaluated by experts in the field. Table VIII shows the 
indicators grouped by use and Fig. 5 associates them with the 
phases of the EMS process. 

 

 

Fig. 4 KPI selection logic 

TABLE VIII 
FINAL INDICATORS GROUPED BY USE 

KPI Use 

Patients waiting for clinical 
evaluation

Operational, planning, early warning, 
information to citizens

ED acuity Operational, planning 

ED case mix by problem Operational, planning, early warning 

ED case mix by diagnosis Operational, planning, early warning 

ED case mix by mode Operational, planning 

Left before treatment completion Planning 

Admission rate Operational, planning, early warning 

Transfer rate Operational, planning 

Crowdedness index Operational, planning, early warning, 
information to citizens

Patient flow index Operational, planning, early warning, 
information to citizens

NEDOCS Operational, planning, early warning, 
information to citizens

Load-off time Planning 

Triage to provider Planning, information to citizens 

Provider to disposition Planning 

Disposition to departure Planning, early warning 

Provider to departure Planning 

Net Patient Throughput Time Operational 

Gross Patient Throughput Time Operational 

Data consistency index Planning 

Length of stay compliance Planning, early warning 

Response time compliance Planning, early warning 

Triage code appropriateness Planning 

 

 

 

Fig. 5 Association of each KPI to the phases of the EUS process 
 

V. DISCUSSION 

A critical review of the insights collected from the test 

application of the KPIs to a realistic dataset confirmed ability 
of the proposed dashboard to provide operational, planning, 
early warning and information support. In particular: 

KPI

Patients waiting for clinical evaluation
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ED case mix by problem
ED case mix by diagnosis
ED case mix by mode
Left before treatment completion
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Crowdedness index
Patient flow index
NEDOCS
Load‐off time
Triage to provider
Provider to disposition
Disposition to departure
Provider to departure
Net Patient Throughput Time
Gross Patient Throughput Time 
Data consistency index
Length of stay compliance
Response time compliance
Triage code appropriateness
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 Operational level indicators allow to analyze the input mix 
of an ED to better manage the available resources. 
Furthermore, they permit to investigate the entity of the 
queues in entry (in the phase before the clinical evaluation 
in ED) and in exit (in the phase before the departure from 
the ED). Specific indicators such as the NEDOCS allow to 
know the situation of overcrowding of the ED. Finally, 
calculating the Patient Throughput Time can support 
decision makers in selecting the ED to which the patient 
will be transported by ambulance. 

 Planning level indicators allow to know in detail how the 
resources are consumed. Indeed, analyzing in detail the 
mix and the timing of stay permits to know the phases in 
which the greatest vulnerabilities are encountered. For 
example, from the tested dataset it emerged that the time 
components characterized by a higher value and a greater 
vulnerability are those related to the final phase of the ED 
process, specifically from the start of the clinical evaluation 
to the departure from the ED. Furthermore, through this 
type of indicators it is possible to measure the level of 
quality and effectiveness of the service provided. 

 Early warning indicators were found to be able to detect 
phenomena of high influx of people and to classify the 
motivation. They can derive from epidemiological 
phenomena (such as the case of COVID-19) or other types 
of phenomena thanks to the analysis of the problem and 
diagnosis. Furthermore, they allow to detect if the 
emergency situation impacts on the initial or final phases 
of the process. 

 Information to citizens indicators, lastly, allow the citizen 
to be informed about the situations of crowding at the 
entrance of each ED, the number of people and the waiting 
times. This facilitates the autonomous access of citizens to 
EMS. 

In the proposed final dashboard, each of the four uses is 
covered by multiple indicators (Table VIII). Therefore, the 
developed dashboard is complete from this point of view and 
able to respond in multiple ways to the purposes for which it 
was created. Furthermore, as can be seen from Fig. 5, the 
proposed dashboard is able to cover all phases of the EMS 
process, whether the effectiveness or efficiency of the services 
provided is measured. However, the initial phases related to the 
interconnection between ED and ambulance service remain 
slightly uncovered, for which there is a reduced number of 
indicators compared to the subsequent ED phases. Moreover, it 
should be taken into consideration that it was not possible to 
include the Travel Time as an indicator in the final dashboard, 
as it is not present in the EUOL dataset of the Lombardy Region 
used for the KPIs test. This strongly impacts the completeness 
of the dashboard as it is a fundamental data for measuring the 
interconnection between ED and ambulance service, in 
particular for calculating the Patient Throughput Time. This 
highlights the need to develop a joint dataset between the 
ambulance service and the EDs of the territory containing more 
information useful for measuring the interconnection between 
the EMS services. 

VI. CONCLUSIONS 

In this study we conducted an in-depth literature review of 
the KPIs to measure the performance of EMS systems, whether 
they concern the ambulance service side or the hospital service 
side in ED. The gaps in the literature were highlighted. They 
mainly concern a lack of indicators able to measure the 
interconnection between the two phases of the service. 
Consequently, the study continued with the development of 
new indicators, designed to fill the gaps observed in the extant 
literature. Starting from all the reviewed KPIs, through a 
systematic exclusion/inclusion analysis, it was possible to 
define a coherent and robust dashboard that allows the analysis 
of performance at different levels (operational, planning, early 
warning, and information to the citizen) and for each phase of 
the EMS process. Finally, the dashboard was validated by 
experts, and by its application to a realistic dataset (Lombardy 
Region EMS, Italy). 

Given the presence of multiple indicators for each purpose 
and process phase, the development of a hierarchical 
framework is suggested for possible future research. It could be 
composed of a high-level including a subgroup of KPIs 
sufficient to measure the most relevant performances and 
subsequent levels obtained by adding additional KPIs among 
those selected to the basic dashboard. In this way, a dashboard 
of indicators could be defined to measure the performance of 
EMS with different levels of detail. 

Finally, the need to develop a joint dataset containing more 
information, useful for measuring the interconnection between 
EMS processes is highlighted. It is therefore advisable to 
introduce additional indicators to support the early stages of the 
process relating to the conclusion of the journey by ambulance. 
In fact, measuring the performance of the process from the 
beginning of the ambulance journey until leaving the ED would 
allow to consider the entire experience of the patient and not 
exclusively from the moment of its access in ED. 
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