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ABSTRACT

introduction: There are many recent articles published in scientific literature on the 
topic of work-related stress. However, these studies focus on the effects of stress on 
the workers and not on the impact that stress could have on their work performance-
more specifically on the calltaker’s (emergency dispatcher (ED)) performance and 
consequently on the whole Emergency Medical Service (EMS).
objective: The objective of this study was to assess whether the number of 
consecutive hours worked (WH) by the EMDs had an impact on their performance, in 
terms of case evaluations, and on the type (i.e., Advance Life Support [ALS] vs. Basic 
Life Support [BLS]) and methods/mode (i.e., with/without Lights and Siren [L&S]) of 
dispatch of emergency vehicles.
Methods: The retrospective descriptive study included cases in the Liguria EMS, 
Italy, database dated from January 01, 2011 to December 31, 2019. The criticality of 
priority codes (from the most serious to the least serious: black, red, yellow, green, 
and white) assigned by the EMDs during the emergency call (EMD criticality; CP) 
were compared with the priority codes assigned by the field responders (Responder 
criticality; CR). The data were then analyzed in relation to the WH and descriptive 
statistics such as sensitivity, relative risk, and predictive values were estimated.
result: A total of 1,599,809 cases were analyzed. Sensitivity for patients with 
impaired vital functions (red codes) was 76.4% (95% CI: 75.2-77.4) with a positive 
predictive value of 20.3% (95% CI: 19.2-21.9) and specificity was 87.8% (95% CI: 
87.1-88.8) with a negative predictive value of 98.9% (95% CI: 98.8-99.0). The relative 
risk ratio (RRR) of inconsistent assessments improves in the first three WHs: -3% at 
the third WH (0.97, 0.96-0.99) and progressively worsens in the following hours, 
reaching +6% (1.06; 1.05 - 1.08) at the sixth WH. In the first three WHs, there was also 
an improvement in the appropriateness of the resources sent: -4% at the third WH 
(0.96, 0.94 - 0.98) which then progressively worsens thereafter, reaching + 11% (1.11, 
1.07 - 1.14) in 7 -12 WH range.
Conclusion: The performance of the EMDs, in terms of predictive ability of the 
priority codes assigned, of the type of resources, and of the sending methods/
mode, improved within the first three WHs, then progressively worsened up to the 
sixth WH. As the number of WHs increased, overtriage and dispatch of emergency 
vehicles with L&S also increased
Keywords: Working hours, work shift, working-time regulation, emergency medical 
dispatch, field responders, patient safety, overemployment, overtriage, undertriage.

INTRODUCTION

An interesting study by the Melbourne Institute of Applied Economic and 
Social Research concludes, “We have found clear evidence that overemployment 
(i.e., working more hours than desired) is associated with adverse mental health 
outcomes for workers”.1 Recently, Turner KD et al.2 analyzed several questionnaires 
(n = 833) of 911 calltakers and dispatchers located in California and concluded that 
“Results indicated that burnout and work-life balance had significant direct effects 
on perceived stress and health-related outcomes”. In the scientific literature there 
are many studies on the topic of work-related stress3-9, with a focus on its impact on 
the workers and not on the impact that stress could have on the work performance 
of the emergency dispatchers (EDs) and consequently on the whole Emergency 
Medical Service (EMS), with the exception of Montassier, 10 who studied the relation 
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between the duration of work shifts and emergency calls. 
He concluded that the duration of emergency calls increases 
with the length of the work shift. Therefore, we wondered 
whether the number of consecutive working hours (WH) by 
Emergency Medical Dispatchers (EMDs) could 
have an impact on emergency call assessments, 
leading to an increase in under/over triage and 
consequently a worsening in the adequacy of the 
type of emergency vehicles sent (i.e., Advance 
Life Support [ALS] vs. Basic Life Support [BLS]) 
and their dispatch mode (i.e., with/without 
Lights and Siren [L&S]). The terms undertriage 
and overtriage are commonly used to define 
underestimation (undertriage) or overestimation 
(overtriage) of the severity of a patient’s condition 
in relation to his or her actual state of health. 
Nordgarden defines this concept rather clearly 
in reference to trauma: “Mistriage is divided into 
under- and overtriage: undertriage is defined as 
the proportion of severely injured patients not 
managed by a dedicated trauma team, while 
overtriage is the proportion of patients not 
severely injured but still receiving such care”11.

OBJECTIVE

The objective of this study was to evaluate 
whether the number of consecutive hours 
worked by EMDs affects their performance, 
in terms of assessments (triage), and the type 
(ALS vs. BLS) and method/mode (with/without 
L&S) of dispatch of emergency vehicles. 

METHODS

study design
The retrospective descriptive observational 

study analyzed data from a regional EMS database 
(MicroStrategy 9, MicroStrategy Incorporated©). All the 
emergency calls recorded from January 01, 2011 to December 
31, 2019 were included (n = 1,810,434). The criticality of priority 
codes (from the most serious to the least serious: black, red, 
yellow, green, and white) assigned by the EMDs during the 
emergency call (EMD criticality; CP) and the priority codes 
assigned by the field responders (Responder criticality; CR) were 
compared and reprocessed into classes to analyze the type of 
triage (Table 1), the appropriateness of the emergency vehicles 
dispatched and the dispatch mode of the vehicles (Table 2). 
The results of the comparison between CP and CR were 
subsequently placed in relation to the number of consecutive 
working hours (WH) of the EMD. The WHs were calculated 
taking into account each EMCCs shift schedule and any changes 
made during the study period. In most cases, the WHs were 
organized in 3 shifts: from 8 am to 2 pm, from 2 pm to 8 pm, and 
from 8 pm to 8 am. For the purposes of analysis, for example, an 
emergency call that arrived at 10:32 am was included in the third 
consecutive working hour. Considering the low frequency of 

emergency calls during the night hours (from 2 am to 8 am) the 
WHs were analyzed individually in the first six WHs (1,380,644 
emergency calls; 86.3%) and grouped into a single class from the 
seventh to the twelfth WH (219.124; 13.7%).

Population & setting
The study was conducted using emergency dispatch data 

from Liguria 118 EMS, Italy, collected from January 01, 2011 
to December 31, 2019. The study site covers an area of 5,416 
square kilometers with a population of 1,543,127 inhabitants12 
(52.1% female): 285 people/square kilometer (653 people/
square kilometer in city of Genova); 28.6% of the population is 
65 years or older. The region includes 234 municipalities thus 
divided according to the Eurostat DEGURBA classification13: 
3 urban municipalities (cities or densely populated areas) 
where 47% of the population live, 150 rural municipalities (rural 
areas or thinly populated areas) with 10% of inhabitants and 
81 municipalities with intermediate characteristics (towns and 
suburbs intermediate density areas) with 43% of inhabitants. 
Emergency medical calls are managed by five Emergency 
Medical Communication Centers (EMCCs) located in Imperia, 
Savona, Genova, Lavagna, and La Spezia. In 2019, Liguria 118 EMS 
responded to 210,676 emergencies. At the EMCCs, nurses and 
specialized technicians, certified as EMDs by the International 
Academies of Emergency Dispatch (IAED™, Salt Lake City, Utah, 

Criticality Found (CR)

Red/Black Yellow Green White

Presumed 
Criticality (CP)

Red Correct Simple 
overtriage

Moderate 
overtriage

Severe 
overtriage

Yellow Undertriage
Simple Correct Simple 

overtriage
Moderate 
overtriage

Green Undertriage
Moderate

Simple 
undertriage Correct Overtriage

Simple

White Undertriage
Serious

Undertriage
Moderate

Undertriage
Simple Correct

According to the Italian legislation, the use of lights and sirens (L&S) is envisaged to be 
exclusive for the red and yellow priority codes.

table 1.  Correlation methods for assessing correctness, and triage 
status between CR and CP priority dispatch codes

Criticality Found (CR)

Red/Black Yellow Green White

Presumed 
Criticality (CP)

Red Correct
[Correct]

Excessive
[Correct]

Excessive
[Excessive]

Excessive
[Excessive]

Yellow Insufficient
[Correct]

Correct
[Correct]

Correct
[Excessive]

Correct
[Excessive]

Green Insufficient
[Insufficient]

Correct
[Insufficient]

Correct
[Correct]

Correct
[Correct]

White Insufficient
[Insufficient]

Correct
[Insufficient]

Correct
[Correct]

Correct
[Correct]

The Liguria 118 EMS has two types of emergency vehicles available: advanced emergency 
vehicles (for red and black codes), and basic emergency vehicles (for yellow, green, and white 
codes). The dispatch methods (in square brackets) characterize the use of lights and sirens for 
red and yellow codes, and without the use of lights and sirens for green and white codes.

table 2.  Correlation methods for assessing the correctness, 
insufficiency, and excessiveness of the associations between 
CR and CP priority dispatch codes
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USA), handle all incoming emergency calls since 1 January 
2011. The evaluation at the end of the emergency telephone 
call (presumed criticality, CP) and the one done on the scene 
by the responders (criticality confirmed, CR) are classified, 
using color codes according to the guidelines of the Ministry 
of Health14: white (not critical/no need for intervention), green 
(not very critical/mild morbid form), yellow (medium critical/
severe morbid form), red (very critical/impaired vital functions) 
and black (only for CR: deceased). Medical resources available 
for response include two types of emergency vehicles. The first 
type of vehicle is the advanced emergency vehicles (medical car 
and helicopter) equipped with a rescuer driver (or pilots 
and technical personnel for the helicopter), a nurse and a 
medical doctor, who can provide Advanced Life Support 
(ALS). The second type is the basic emergency vehicles 
(ambulance) equipped with non-professional rescuers 
(EMS certified volunteers), who can provide Basic Life 
Support (BLS) and Basic Life Support Defibrillation 
(BLSD). Generally, ALS units are dispatched, in addition to 
BLS unit, on red codes, while BLS units, without ASL unit, 
are sent on yellow, green, and white codes. Emergency 
vehicles are sent, according to current Italian legislation15, 
with lights and sirens (L&S) 
for red and yellow codes and 
without lights and sirens for 
green and white codes.

data analysis
SPSS® Statistics software 

(IBM Corp. Released 2019. IBM 
SPSS Statistics for Windows, 
Version 26.0. Armonk, NY: 
IBM Corp.) was used for 
data analysis. SigmaPlot 
(SigmaPlot version 14.0, from Systat Software, Inc., San Jose 
California USA, www.systatsoftware.com) was used for plots. 
The strength and direction of the correlations between the 
study groups (CP vs. CR outcomes) were evaluated with 
Spearman’s rank correlation coefficient (rho). Sensitivity, 
specificity, positive predictive value, and negative predictive 
value were calculated taking into consideration the priority 
codes attributed to CP and CR: true positives (red vs. red/
black), false positives (red vs. yellow/green/white), false 
negatives (yellow/green/white vs. red/black) and true 
negatives (yellow/green/white vs. yellow/green/white). For 
the multivariate analysis, we applied the Multinomial Logistic 
Regression model, to estimate EMDS’ performance using the 
relative risk ratio (RRR), while identifying the single EMDs as 
covariate variable.

RESULTS

A total of 1,810,434 calls were triaged during the study 
period. Of these, 210,638 cases were excluded since they 
were duplicates records (n = 11,928; 0.7%) or had missing 
values (n = 198,710; 11.0%). Of the remaining 1,599,809 (88.4%) 
emergency calls, the distribution of CP over the analysis period is 

summarized in table 3. Therefore, a moderate positive correlation 
can be detected between CP and CR (rs = 0.542, p <0.000). 
Sensitivity for patients with impaired vital functions (red codes) 
was 76.4% (95% CI: 75.2-77.4) with a positive predictive value of 
20.3% (95% CI: 19.2-21.9); Specificity was 87.8% (95% CI: 87.1-
88.8) with a negative predictive value of 98.9% (95% CI: 98.8-
99.0). Further details are contained in table 4. In detail, 65.5% 
(n=1,047,756) of the codes assigned during the emergency call 
(CP) were subsequently confirmed by field responders (CR). Of 
the remaining 552,053 emergency calls, 4.9% were attributable 
to undertriage, and 29.6% to overtriage. Analyzing the 

undertriage subgroups, 20 cases (0.001%) were attributable to 
serious undertriage, 0.07% to moderate undertriage, while 4.8% 
of the undertriage cases can be classified as simple undertriage.

In the overtriage subgroups (n = 473,698), 0.3% were 
classified as serious overtriage, 4.0% as moderate overtriage, 
and 25.3% as simple overtriage. Overall, the type of response 
dispatched was adequate in 87.4% (n=1,398,040) of the 
cases, excessive in 11.7% (n=187,009), and insufficient in 0.9% 
(n=14,760). Finally, the response mode was adequate in 75.9% 
(n=1,214,275), insufficient in 3.9% (n=61,869), and excessive in 
20.2% (n = 323,665) of the cases.

The risk (RRR) of inconsistent assessments between CP 
and CR improves in the first three WHs, -3% at the third WH 
(RRR, 95% CI: 0.97, 0.96-0.99) and progressively worsens in 
the following hours, reaching up to +6% (RRR, 95% CI: 1.06, 
1.05 - 1.08) at the sixth WH (Figure 1).

Specifically, this worsening trend can be observed both 
for the generic overtriage category, +5% in the 7-12 WHs class 
(RRR, 95% CI: 1.05, 1.02 - 1.07), and for generic undertriage, +5% 
at 6th WH (RRR, 95% CI: 1.05, 1.01 - 1.08), with the exception of 
a marked improvement in the 7-12 WHs class (-8%) (RRR, 95% 
CI: 0.92, 0.88 - 0.95). In the different types of under/over 
 triage it is possible to detect significant results only in the 

Priority codes
EMD-assigned, 
CP (N=1,599,809)

n (%)

Responder-assigned, CR
(N=1,599,809)

n (%)

White 7,299 (0.5) 41,954 (2.6)

Green 552,562 (34.5) 779,703 (48.7)

Yellow 805,170 (50.3) 715,623 (44.7)

Red/Black* 234,778 (14.7) 62,529 (3.9)

EMD, Emergency Medical Dispatcher.  CP, criticality of case as assigned by an EMD.  
CR, Criticality of a case as assigned by a responder  *Black was by responders only

table 3. Distribution of CP and CR over the study period.

N
(Total)

Responder-assigned, CR: n (%*)

Red/Black
(N=62,533)

Yellow/Green/White
(N=1,537,276)

EMD-assigned, CP Red/Black 234,827 47,774 (20.3,76.4) 187,053 (79.7,12.2)

Yellow/Green/White 1,364,982 14,759 (1.1,23.6) 1,350,223 (98.9,87.8)

EMD, Emergency Medical Dispatcher. CP, criticality of case as assigned by an EMD.  CR, Criticality of a case as 
assigned by a responder. *column and row percentages (%)

table 4. Comparison between CP and CR.
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simple under/over triage (Figure 2) and not in the moderate or 
severe under/over triage subgroups which in total represent 
only 4.4% (n=70,436) of the study sample. In the first hours 
can also be observed an improvement in the appropriateness 
of the resources sent: -4% at the third WH (RRR, 95% CI: 0.96, 
0.94 - 0.98) which progressively worsens, reaching + 11% (1.11, 
1.07 - 1.14) in WH 7 -12 class. This trend is also the same in the 

insufficient and excessive response subgroups (Figure 3). 
A similar trend, although less evident, was also noticed 
in the dispatch mode (Figure 4). However, after a 
progressive worsening, it clearly improved in the 7-12 
WHs class (RRR, 95% CI: 0.95; 0.93-0.97).

DISCUSSION

The distribution of CP and CR codes is substantially 
in line with other publications at national16,17 and 
international18,19,20-22 levels. In particular, the percentage 
of red codes CP (14.7%) is between the 6.9% reported 
by Palma16 and 22.9% reported by Leopardi17. The 
values of positive predictive value and negative 
predictive value also align well with what was described 
by Moser (67.4%)22 and Dami (48.0%)21, except for 
the result on sensitivity which is higher in our study 
(87.8%). Unfortunately, despite the recommendations 
of the experts23, there is no consensus on the values 
of under/over triage and benchmarking is also difficult 
because of the organizational heterogeneity of EMS 
systems. However, for an adequate interpretation of the 
results, it is important to mention that undertriage has 
a negative effect on patient safety21. On the contrary, 

overtriage does not cause direct damage to the patient, to 
whom it can be mildly beneficial24,25, but it increases the risk 
for the general population and the rescuers26-28.

In the Liguria EMS, the use of lights and sirens was 
excessive in 20.2% of cases. In our system, the choice of the 
type of vehicle to dispatch is dichotomous (advanced or 
basic); it is probably also for this reason that the9 adequacy 

of the resource sent was particularly high (87.4%). All 
the analyses relative to the WH (Table 5), with some 
marginal variations in the different subgroups, show 
an improvement in performance in the first three 
hours of work and a subsequent and progressive 
worsening up to 6 WH. The results of the 7-12 WH 
period generally, except for the analysis on the type 
of resource sent (Figure 3), show an improvement. 
This could be the result of a reduced volume of calls 
during the night hours.

Limitations
The study had certain limitations. First, the WHs 

are based on the shift schedule, without taking 
into account any double shifts (e.g.: morning and 
afternoon) which at times are necessary due to lack 
of personnel. Second, the period from the seventh 
to the twelfth WH falls into the very early morning 
hours (from 2 am to 8 am) where the volumes of 
emergency calls are significantly reduced (1st WH: n 
= 221,826; 12th WH: n = 16,018). Third, as part of the 
methodological choice, CR was used as a “golden/
standard/truth test” since it was not possible 
to consider the possible and natural evolution 
(improvement/worsening) of the patient’s condition 
in the time between the call (CP) and the arrival of 

The increase in WHs causes an increased risk (RRR) of inconsistent assessments 
between CP and CR. For example, after 6th WH this risk is 6% higher than in the first 
hours (RRR, 95% CI: 1.07; 1.05-1.08).

figure 1.  Comparison of priority codes (CP vs. CR) 
inconsistent evaluation.

Comparison of priority codes (CP vs. CR)
Inconsistent evaluation

Both simple overtriage (i.e.,yellow - green) and simple undertriage (i.e., green - yellow), 
progressively worsened in relation to increasing WH. The improvement in EMD 
performance in the 7-12 WHs class is probably due to the reduced volume of triaged calls.

figure 2.  Comparison of priority codes (CP vs. CR) simple 
undertriage and overtriage.

Comparison of priority codes (CP vs. CR)
Simple under/over triage
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the responders on the scene (CR), as well as any therapies 
administered before transporting the patient to hospital. 
Forth, since not each EMD or responders reviewed the same 
calls, it was infeasible to assess inter-rater variability—to 

ensure accuracy in the EMD-assigned codes and 
responder findings on-scene. Finally, the emergency 
calls in this study were not reviewed using the IAED’s 
case review quality assurance standards—hence a 
need for research to its potential impacts.

CONCLUSION

The findings in this study demonstrated that the 
performance of the EMDs, in terms of consistency of 
priority codes assignment, type of resources and of 
dispatch mode, tended to improve in the first three 
hours of work and then progressively worsen up 
to the sixth WH. Additionally, as the working hours 
elapsed, overtriage and use of lights and sirens 
prevailed. However, in light of the indications of the 
results obtained, further in-depth research studies 
on the causes and possible interventions should be 
implemented to help to mitigate this phenomenon, 
are desirable.
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Type of triage Type of resource dispatched Method of dispatch

WH Not 
consistent Undertriage Overtriage Not 

appropriate Insufficient Excessive Not 
appropriate Insufficient Excessive

1 ------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- -------------

2 0.98 
(0.97-0.99)

1.02
(0.99-1.05)

0.97
(0.96-0.99)

0.98
(0.96-1.00)

1.00
(0.93-1.06)

0.98
(0.96-1.00)

0.99
(0.98-1.01)

1.03
(1.00-1.07)

0.98
(0.97-1.00)

3 0.97
(0.96-0.99)

1.02
(0.99-1.05)

0.97
(0.95-0.98)

0.96
(0.94-0.98)

1.02
(0.96-1:09)

0.96
(0.94-0.98)

0.99
(0.98-1.00)

1.03
(0.99-1.06)

0.98
(0.97-1.00)

4 1.02
(1.00-1.03)

1.04 
(1.01-1.07)

1.01
(1.00-1.03)

0.99
(0.97-1.01)

1.04
(0.98-1.10)

0.98
(0.96-1.01)

1.03
(1.01-1.04)

1.05
(1.02-1.09)

1.02
(1.00-1.04)

5 1.04
(1.03-1.06)

1.06 
(1.02-1.09)

1.04
(1.03-1.06)

1.01
(0.99-1.04)

1.04
(0.98-1.10)

1.01
(0.99-1.04)

1.04
(1.02-1.05)

1.07
(1.03-1.11)

1.03
(1.02-1.05)

6 1.06
(1.05-1.08)

1.05 
(1.01-1.08)

1.07
(1.05-1.08)

1.04
(1.02-1.07)

1.09
(1.02-1.17)

1.04
(1.01-1.07)

1.04
(1.03-1.06)

1.04
(1.00-1.08)

1.04
(1.03-1.06)

7 -12 1.03
(1.00-1.05)

0.92 
(0.88-0.95)

1.05
(1.02-1.07)

1.11
(1.07-1.14)

1.22
(1.15-1.30)

1.10
(1.06-1.13)

0.95
(0.93-0.97)

0.84
(0.81-0.88)

0.97
(0.95-1.00)

The table details the relative risk ratio (RRR) values of the multivariate analysis. The first hour of work was used as a reference and the individual EMDs 
as a covariate variable.

table 5.  Relative risk ratio categorized by type of triage and resource dispatched, method of dispatch and 
consecutive working hours
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