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Abstract
Purpose  Priority-setting by dispatch centers and Emergency Medical Services professionals has a major impact on pre-
hospital triage and times of trauma patients. Patients requiring specialized care benefit from expedited transport to higher-
level trauma centers, while transportation of these patients to lower-level trauma centers is associated with higher mortality 
rates. This study aims to evaluate the accuracy of priority-setting by dispatch centers and Emergency Medical Services 
professionals.
Methods  This observational study included trauma patients transported from the scene of injury to a trauma center. Priority-
setting was evaluated in terms of the proportion of patients requiring specialized trauma care assigned with the highest 
priority (i.e., sensitivity), undertriage, and overtriage. Patients in need of specialized care were defined by a composite 
resource-based endpoint. An Injury Severity Score ≥ 16 served as a secondary reference standard.
Results  Between January 2015 and December 2017, records of 114,459 trauma patients were collected, of which 3327 (2.9%) 
patients were in need of specialized care according to the primary reference standard. Dispatch centers and Emergency Medi-
cal Services professionals assigned 83.8% and 74.5% of these patients with the highest priority, respectively. Undertriage 
rates ranged between 22.7 and 65.5% in the different prioritization subgroups. There were differences between dispatch and 
transport priorities in 17.7% of the patients.
Conclusion  The majority of patients that required specialized care were assigned with the highest priority by the dispatch 
centers and Emergency Medical Services professionals. Highly accurate priority criteria could improve the quality of pre-
hospital triage.
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Introduction

A fundamental element of modern trauma systems is to 
transport the right patient to an appropriate hospital. The 
transportation of patients in need of specialized care to 
lower-level trauma centers (i.e., undertriage) is associated 
with increased mortality and morbidity [1–4]. Overtriage—
transporting patients without the need for specialized care 
to higher-level trauma centers—leads to unnecessary use 
of limited resources and increasing costs [5]. In addition, 
trauma patients requiring specialized care are likely to bene-
fit from expedited examination and treatment by Emergency 
Medical Services (EMS) professionals and swift transporta-
tion to a higher-level trauma center [6].
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Dispatch priority and the priority assigned by EMS pro-
fessionals (i.e., transport priority) are major factors that 
affect response and transport times of ambulances. There-
fore, accurate prioritization is of great importance to achieve 
optimal patient outcomes. The dispatch operator—receiving 
the initial emergency call—determines whether the patient 
requires assessment by an EMS professional and sets the 
priority of the emergency request. After assessment of injury 
severity on-scene, EMS professionals reconsider the priority. 
Subsequently, they can decide to set a higher or lower prior-
ity or to maintain the priority as assigned by the dispatch 
center. Minimizing discrepancies between dispatch and 
transport priority can optimize resource utilization in the 
pre-hospital setting. Different emergency medical dispatch 
protocols have been developed to achieve optimal prioritiza-
tion of ambulances. The accuracy of dispatch center proto-
cols in identifying time critical conditions, including but not 
limited to trauma patients, was reported to range between 78 
and 93% [7]. To our knowledge, the accuracy of transport 
priority has not been investigated before.

The current study was designed to evaluate the accuracy 
of dispatch center and EMS professional prioritization of 
trauma patients in need of specialized care. Furthermore, it 
was our aim to determine undertriage and overtriage rates 
and to quantify the differences between dispatch and trans-
port priorities.

Methods

Study design and setting

This multisite, cohort study aimed to evaluate the accuracy 
of priority-setting by dispatch centers and EMS profession-
als. Five different EMS regions (Brabant Midden-West, 
Brabant-Noord, Gelderland-Zuid, Rotterdam-Rijnmond, 
Utrecht) and seven trauma regions in the Netherlands par-
ticipated in the current study. These EMS regions trans-
port nearly 380,000 patients annually, covering an area 
of approximately 6700 square kilometers with 4.7 million 
inhabitants. Dispatch centers professionals are nurses with 
additional training for dispatch [8]. The ambulances are 
staffed by a nurse that is licensed to provide advanced life 
support care and a driver that is qualified to provide medical 
assistance. In the Netherlands, three levels of priority exist: 
(i) A1 is the highest priority and implies an acute threat to 
the patients’ vital functions only to be excluded after an on-
scene evaluation by the EMS professional, (ii) A2 priority 
indicates a request for care without a direct threat to life, 
but may involve serious damage to the patients’ health, and 
(iii) low-priority are scheduled transports (e.g., inter-facility 
transfers) [8, 9]. The participating trauma regions contain 
seven higher-level trauma centers and 60 lower-level trauma 

centers. All hospitals in these regions include a trauma-
receiving emergency department and only level I trauma 
centers (i.e., higher-level trauma centers) are designated to 
treat patients in need of specialized care. Level II and level 
III trauma centers (i.e., lower-level trauma centers) are capa-
ble to provide care to mildly and moderately injured patients. 
This study adhered to the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines [10]. 
The Medical Ethical Committee of the University Medi-
cal Center Utrecht judged this study as not subject to the 
Medical Research Involving Human Subjects Act (reference 
number 20/500747).

Selection of participants

All trauma patients assigned with A1 or A2 priority by the 
dispatch center that were transported by ground ambulance 
to a trauma center were included. Low-priority transports, 
inter-facility transfers, patients that were not transported to 
a participating trauma center (e.g., treatment by EMS pro-
fessional on-site), duplicates, and non-trauma patients were 
excluded. The patient inclusion strategy is depicted in Fig. 1. 
A selection tool that was developed in prior research was 
used to automatically identify trauma patients in unfiltered 
EMS records [11]. This tool demonstrated an accuracy of 
98.9% (95% CI, 98.3–99.2) through external validation.

Data collection

Ambulance records from the participating EMS regions 
were prospectively collected from January 1, 2015 through 
December 31, 2017. These records consisted of dispatch and 
transport priority, patient demographics, injury locations, 
pre-hospital time intervals, vital signs, and the receiving 
hospital. The vital signs included systolic blood pressure, 
respiratory rate, and the Glasgow Coma Scale. Patient loca-
tions were converted to coordinates and the driving distance 
to destinations was calculated using Bing Maps, accounting 
for day of the week and hour of the day [12]. Response time 
was defined as the time between ambulance dispatch and 
arrival at the scene of injury, whereas transport time covers 
the time between departure from the scene of injury and 
arrival at the trauma center. The ambulance records were 
matched with data from regional trauma registries. These 
registries contain, among others, diagnosed injuries, ISSs, 
and mortality status of all admitted trauma patients. Patients 
that were discharged from the emergency department were 
assumed not to be in need of specialized care, nor to be 
severely injured, as verified in data from prior research [13]. 
EMS and hospital records were linked with unique EMS 
identifier. Patients with a missing identifier in either pre-
hospital or in-hospital data were linked using a prediction 
model from prior research that demonstrated an accuracy of 
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100.0% [11]. Several variables, such as date of injury and 
transportation destination, are incorporated in this model.

Outcomes and definitions

The main outcome of this study was the sensitivity of dis-
patch and transport priority, defined as the proportion of 
patients requiring specialized trauma care assigned with the 
highest priority. Patients were classified as being in need of 
specialized care when they were (i) admitted to the intensive 
care unit after initial evaluation in the emergency depart-
ment, (ii) underwent an emergency intervention within 24 h, 
(iii) died within 24 h after arrival at the trauma center, or (iv) 

when they were intubated pre-hospital (Table 1). This com-
posite resource-based endpoint (i.e., early critical-resource 
use) is comparable to previously suggested definitions [11, 
14–16]. An Injury Severity Score (ISS) ≥ 16 served as a 
secondary reference standard for being in need of special-
ized care [17]. Secondary outcomes were the undertriage 
and overtriage rates in different priority subgroups. The 
proportion of patients requiring specialized care, according 
to both reference standards, initially transported to a lower-
level trauma center was considered undertriage. Overtriage 
was defined as the proportion of patients not in need of spe-
cialized care that were transported to a higher-level trauma 
center.

Fig. 1   Patient inclusion flowchart. EMS Emergency Medical Services. TC Trauma Center
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Data analysis

Data were analyzed using R statistical software (R version 
3.6.1) [18]. Multilevel multiple imputation was used to 
account for missing values across different sites using the 
package micemd [19]. Variables with missing values were 
dispatch priority (0.1%), transport priority (3.0%), systolic 
blood pressure (29.1%), respiratory rate (36.6%), Glasgow 
Coma Scale (13.6%), response time (1.4%), and transport 
time (4.1%). The predictor matrix that was used to impute 
these missing values included, among others, age, gender, 
vital parameters measured in the emergency department, 
and in-hospital outcomes. Forty-eight datasets were gener-
ated based on 20 iterations per set. Quantitative variables 
were described using median and interquartile ranges, or 
the mean and its corresponding standard deviation. Fre-
quencies and proportions were computed for nominal vari-
ables. Groups were compared with the Mann–Whitney U 
or χ2 test. p values below 0.05 were considered statistically 
significant. Analyses were applied to each of the 48 data-
sets. Point estimates of sensitivity, undertriage, and overtri-
age were calculated with the average results of all analyses 
and Agresti–Coull confidence intervals were computed, in 
accordance with Rubin’s rules [20, 21].

Results

Characteristics of study subjects

In total, 1,111,809 EMS records were collected between 
January 2015 and December 2017, of which 483,460 
patients were transported from the scene of injury to a 

trauma center with A1 or A2 priority. After exclusion of 
non-trauma patients (n = 369,001), 114,459 patients were 
included (Fig. 1). The patients included in this cohort had 
a median age of 58.2 years, 56,798 (49.6%) were female 
and the dispatch center assigned 52,238 (45.6%) patients 
with A1 priority (Table 2). Ambulances dispatched with 
A1 and A2 priority had a median response time of 7.5 min 
and 11.0 min (p < 0.001), respectively. The 35,974 (31.4%) 
patients that were hospitalized had a mean ISS of 7.5 ± 6.4. 
In 20,285 (17.7%) patients, there were differences between 
dispatch and transport priorities (Table 3). Patients with a 
lowered priority (i.e., A1 dispatch priority lowered to A2 
transport priority) more frequently had stable vital signs 
(p < 0.001), longer transport times (p < 0.001), fewer inju-
ries to head or neck (p < 0.001), thorax (p < 0.001), and 
abdomen (p < 0.001), and had less critical-resource use 
(p < 0.001) than patients with a maintained A1 transport 
priority. Conversely, patients with a raised priority (i.e., A2 
dispatch priority raised to A1 transport priority) more often 
had hypotension (p < 0.001), abnormal respiratory rates 
(p < 0.001), or an impaired Glasgow Coma Scale (p < 0.001) 
compared to patients with a maintained A2 transport prior-
ity. Their median transport time was comparable (0.1 min 
shorter, p = 0.725) and their median driving distance was 
2.3 km longer (p < 0.001). Head or neck (p < 0.001), tho-
racic (p < 0.001), and abdominal injuries (p < 0.001) were 
more prevalent, while fewer injuries of their extremities 
(p < 0.001) were seen. They required five times more criti-
cal resources (p < 0.001). 

Main outcomes

The dispatch center has set A1 priority in 83.8% (82.5–85.0) 
of the patients with early critical-resource use (Table 4). The 
dispatch priority sensitivity in patients with an ISS ≥ 16 was 
82.5% (81.0–83.8). The transport priority had a sensitiv-
ity of 74.5% (73.0–76.0) and 71.5% (69.8–73.2) according 
to both reference standards. Figure 2 illustrates the triage 
rates in the different priority subgroups according to the 
primary reference standard. The undertriage rate in patients 
with A1 dispatch and transport priority based on early 
critical-resource use was 22.7% (95% CI, 21.1–24.4). The 
17,625 (15.4%) patients of whom the priority was lowered 
by the EMS professional had an undertriage rate of 34.5% 
(29.9–39.3). Evaluation of these priorities using the ISS 
resulted in undertriage rates ranging from 16.7 (15.1–18.4) 
to 34.8% (30.2–39.7). Otherwise, 65.5% (61.0–69.8) of the 
patients in need of specialized care with A2 dispatch and 
transport priority were transported to lower-level trauma 
centers. The undertriage rate of these patients decreased to 
37.6% (28.3–47.8) when their transport priority was raised. 
According to the secondary reference standard (ISS ≥ 16), 
a raised priority by the EMS professional was associated 

Table 1   Definition of resource-based reference standard (early criti-
cal-resource use)

Admittance to intensive care unit after initial evaluation in emergency 
department

Emergency intervention within 24 h
 Damage control thoracotomy
 Damage control laparotomy
 Damage control orthopedics
 Extra peritoneal pelvic packing
 Revascularization of extremities
 Craniotomy
 Intracranial pressure monitoring
 Coniotomy/cricothyrotomy
 Interventional radiology

Death within 24 h after arrival at trauma center
Pre-hospital intubation
Patients that met one of these criteria were classified as being in need 

of specialized care
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with a decrease in undertriage from 55.7% (50.8–60.4) to 
37.2% (27.4–48.3). 

Discussion

This cohort study evaluated the accuracy of dispatch center 
and EMS professional prioritization of trauma patients in 
need of specialized care. We have reported that the dispatch 
center assigned 83.8% of these patients with the highest pri-
ority. 74.5% of the patients requiring specialized care were 
transported to a trauma center with A1 priority. Moreover, 
we found that undertriage rates varied widely between 
patients with A1 priority (22.7%) and patients with A2 pri-
ority (65.5%). There was less variety in overtriage rates, 
ranging from 26.5% to 16.5%. Differences between dispatch 
and transport priority were present in 17.7% of the patients. 
In 15.4% of the cases, the priority was lowered, while the 
priority was raised in 2.3%. Our results showed that an A1 
dispatch priority was associated with shorter response times. 
Patients with a lowered transport priority demonstrated an 
increased transport time and distance to destination. Con-
versely, patients with a raised transport priority had compa-
rable transport times but their median distance to destination 
was longer. There were geographic differences between the 
EMS regions which complicate the interpretation of these 
results (Supplementary Table 1). Also, a counter-intuitive 
finding was that patients assigned with A1 dispatch priority 

had a slightly lower mortality in comparison to patients 
assigned with A2 priority. This is likely due to a large dif-
ference in age (median 48.9 vs. 68.4).

A major strength of this study is our broad inclusion cri-
teria—including all trauma patients transported by the par-
ticipating EMS regions—and highly accurate patient selec-
tion procedure that minimized selection bias [11]. Trauma 
patients were included from eight EMS regions that cover 
urban, suburban and rural areas. These regions also dif-
fered in protocols and training programs. The diversity of 
these EMS regions contributes to the generalizability of our 
results. Furthermore, data were prospectively collected in a 
systematic matter by all EMS regions and trauma centers. 
All trauma centers within the participating trauma regions 
contributed to data collection.

In the current study, we chose to evaluate priority-set-
ting accuracy in terms of sensitivity. Because patients in 
need of specialized care benefit from swift transportation 
to a higher-level trauma center, we assumed that being 
assigned with A1 priority would favor their outcomes. On 
the other hand, it can be reasoned that patients without 
the need for specialized care also benefit from the high-
est dispatch and transport priority. Therefore, we argue 
that it would be invalid to report specificity and diagnostic 
predictive values. The distance to destination of patients 
that had their priority raised by the EMS professional was 
longer in comparison to patients for which the high prior-
ity was maintained. This finding suggests that the transport 

Table 2   Cohort characteristics

Data are median (IQR) or n (%), unless otherwise stated. Variables with missing data were dispatch center priority (0.1%) and response time 
(1.4%). These variables were multiply imputed and rounded
TC Trauma Center, ISS Injury Severity Score, SD Standard Deviation, min minutes, CI Confidence Interval
*Hospitalized patients;

All patients (n = 114,459) A1 dispatch priority 
(n = 52,238)

A2 dispatch priority 
(n = 62,221)

p value

Demographic characteristics
 Age 58.2 (30.8–78.4) 48.5 (25.5–68.6) 68.3 (40.7–82.9)  < 0.001
 Female gender 56,798 (49.6) 21,441 (41.0) 35,357 (56.8)  < 0.001

Outcomes
 Ambulance response time (min) 9.1 (6.3–12.8) 7.5 (5.3–10.1) 11.0 (7.8–14.9)  < 0.001
 Initial destination: higher-level TC 24,918 (21.8) 14,284 (27.3) 10,634 (17.1)  < 0.001
 In-hospital stay 35,974 (31.4) 16,165 (30.9) 19,809 (31.8) 0.001
 ISS*, mean (SD) 7.5 (6.4) 8.2 (8.5) 7.0 (4.0)  < 0.001
 Mortality 1606 (1.4) 737 (1.4) 869 (1.4) 0.858
 Undertriage rate, % (95% CI)
 Early critical-resource use 30.3 (28.8–31.9) 24.4 (22.9–36.0) 60.6 (56.5–64.7)
 ISS ≥ 16 25.5 (24.0–27.1) 19.8 (18.2–21.4) 52.5 (48.2–56.9)
 Overtriage rate, % (95% CI)
 Early critical-resource use 20.3 (20.1–20.6) 24.6 (24.2–25.0) 16.9 (16.6–17.2)
 ISS ≥ 16 20.4 (20.2–20.7) 24.9 (24.5–25.2) 16.8 (16.6–17.1)
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priority might be affected by the driving distance. Future 
research should investigate whether a causal relation exists 
between priority-setting and distance to trauma centers.

Our findings are in line with two studies that demon-
strated a dispatch priority sensitivity of 82.6% [22] and 
86% [23]. However, these studies also included patients 

Table 3   Outcomes per priority subgroup

Data are median (IQR) or n (%), unless otherwise stated. Variables with missing data were dispatch priority (0.1%), transport priority (3.0%), 
systolic blood pressure (29.1%), respiratory rate (36.6%), Glasgow Coma Scale (13.6%), response time (1.4%), and transport time (4.1%). These 
variables were multiply imputed and rounded
TC Trauma Center, AIS Abbreviated Injury Scale, ISS Injury Severity Score, SD Standard Deviation, min minute, km kilometer, CI Confidence 
Interval
a A1 vs A2 transport priority in A1 dispatch priority group
b A1 vs. A2 transport priority in A2 dispatch priority group
*Hospitalized patients
† Fisher’s exact test

A1 dispatch priority  (n = 52,238) A2 dispatch priority  (n = 62,221)

A1 transport priority
(n = 34,613)

A2 transport priority
(n = 17,625)

p valuea A1 transport priority
(n = 2660)

A2 transport priority
(n = 59,561)

p valueb

Demographics
 Age 48.1 (25.4–68.3) 49.1 (25.8–69.0) 0.003 57.9 (30.8–78.0) 68.7 (41.3–83.0)  < 0.001
 Female gender 13,889 (40.1) 7552 (42.8)  < 0.001 1317 (49.5) 34,041 (57.2)  < 0.001

Prehospital vital signs
 Systolic blood pres-

sure < 90 mmHg
766 (2.2) 275 (1.6)  < 0.001 65 (2.4) 640 (1.1)  < 0.001

 Respiratory rate > 29 or < 10 1505 (4.3) 485 (2.8)  < 0.001 78 (2.9) 982 (1.6)  < 0.001
 Glasgow Coma Scale 

score < 14
3833 (11.1) 1129 (6.4)  < 0.001 144 (5.4) 1557 (2.6)  < 0.001

Outcomes
 Ambulance response time 

(min)
7.4 (5.2–10.1) 7.6 (5.4–10.0) 0.001 10.7 (7.3–14.2) 11.0 (7.8–15.0)  < 0.001

 Ambulance transport time 
(min)

12.1 (7.6–18.2) 12.6 (8.0–18.0)  < 0.001 13.0 (8.7–18.2) 13.1 (8.3–18.6) 0.725

 Distance to destination (km) 9.1 (4.3–17.1) 9.3 (4.4–16.0) 0.097 11.3 (5.3–17.5) 9.0 (4.3–15.7)  < 0.001
 Initial destination: higher-

level TC
10,386 (29.1) 3898 (21.0)  < 0.001 715 (20.5) 9919 (16.9)  < 0.001

 In-hospital stay 11,484 (33.2) 4682 (26.6)  < 0.001 953 (35.8) 18,856 (31.7)  < 0.001
Severe injury (AIS score ≥ 3)
 Head and neck 1954 (5.6) 537 (3.0)  < 0.001 85 (3.2) 600 (1.0)  < 0.001
 Face 56 (0.2) 9 (0.1) 0.002 2 (0.1) 4 (0.0) 0.024†

 Thorax 1398 (4.0) 334 (1.9)  < 0.001 73 (2.7) 505 (0.8)  < 0.001
 Abdomen 354 (1.0) 66 (0.4)  < 0.001 15 (0.6) 88 (0.1)  < 0.001
 Extremities 1483 (4.3) 659 (3.7) 0.004 287 (10.8) 9210 (15.5)  < 0.001

ISS*, mean (SD) 8.8 (9.1) 6.7 (6.3)  < 0.001 7.6 (5.9) 6.9 (3.9)  < 0.001
Early critical-resource use* 2385 (6.9) 403 (2.3)  < 0.001 94 (3.5) 445 (0.7)  < 0.001
ISS ≥ 16* 1955 (5.6) 397 (2.3)  < 0.001 85 (3.2) 416 (0.7)  < 0.001
Mortality 598 (1.7) 139 (0.8)  < 0.001 37 (1.4) 832 (1.4) 0.812
Undertriage rate (95%CI)
 Early critical-resource use 22.7 (21.1–24.4) 34.5 (29.9–39.3) 37.6 (28.3–47.8) 65.5 (61.0–69.8)
 ISS ≥ 16 16.7 (15.1–18.4) 34.8 (30.2–39.7) 37.2 (27.4–48.3) 55.7 (50.8–60.4)

Overtriage rate (95%CI)
 Early critical-resource use 26.5 (26.0–27.0) 21.1 (20.5–21.7) 25.6 (23.8–27.4) 16.5 (16.2–16.8)
 ISS ≥ 16 26.8 (26.3–27.3) 21.1 (20.5–21.7) 25.7 (23.9–27.6) 16.5 (16.1–16.8)
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suffering from stroke and cardiac complaints. To the best 
of our knowledge, the current study is the first to investigate 
priority-setting by dispatch centers and EMS professionals 
in a population consisting of exclusively trauma patients. A 
previous investigation reported that in 73% of the patients 
with the highest dispatch center priority, the priority was 
lowered by the EMS professionals [24]. The authors suggest 
that this may have been caused by a safety margin in the 

Table 4   Priority sensitivity by professionals at dispatch centers and EMS

EMS Emergency Medical Services, CI Confidence Interval, ISS 
Injury Severity Score;

Dispatch center EMS professional

Early critical-resource use, 
sensitivity (95% CI)

83.8 (82.5–85.0) 74.5 (73.0–76.0)

ISS ≥ 16, sensitivity (95%-CI) 82.5 (81.0–83.8) 71.5 (69.8–73.2)

Fig. 2   Triage rates per priority subgroup according to both reference standards. ECRU​ Early critical-resource use; ISS Injury Severity Score
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assessment of the operators at the dispatch center. Addition-
ally, they reported a raised priority in 3.5% of the patients 
with the second-highest dispatch center priority, in accord-
ance with our findings (2.8%).

Dispatch centers in our current cohort used different dis-
patch protocols with a comparable priority sensitivity. Two 
regions used a Criteria-Based Dispatch Protocol (81.8%), 
whereas the other three dispatch centers operated on a Medi-
cal Priority Dispatch System (84.9%). Both systems are used 
widely across modern trauma systems and there is no con-
sensus on which system or protocol is superior [25]. Moreo-
ver, Bohm and Kurland [7] conducted a systematic review 
and concluded that there was little evidence describing the 
accuracy of any medical dispatch system.

Early critical-resource use was used as the primary ref-
erence standard. Although the ISS has been recommended 
by the American College of Surgeons to evaluate triage 
accuracy of trauma systems, it has been suggested that a 
resource-based standard is a better alternative to determine 
whether a patient is in need of specialized care or not [15, 
17, 26]. Our reference standard differs from previously sug-
gested resource-based endpoints, as the administration of 
blood products was not available in our dataset [14, 16]. A 
limitation of this composite endpoint is that some resources 
(e.g., neurosurgical care) are unavailable in lower-level 
trauma centers. Also, the lower volume of patients in need of 
specialized care in these centers affects the use of and expe-
rience with certain resources. However, our results show that 
there is little difference in terms of sensitivity, under- and 
overtriage for both reference standards.

Future research should focus on the predictive value of 
dispatch center prioritization. The addition of dispatch pri-
ority to existing prediction models could improve the iden-
tification of patients in need of specialized care by EMS 
professionals during field triage. Furthermore, to achieve 
optimal resource use and patient outcomes, effort should be 
put into the investigation of highly accurate priority criteria.

Limitations

The current study suffers from some limitations. First, the 
amount of missing data in some variables, such as systolic 
blood pressure (29.1%) and respiratory rate (36.6%), was 
considerable. However, the determinants dispatch and trans-
port priority were only missing in a minority of the cases. 
We performed multilevel multiple imputation accounting 
for clustering to impute these missing values and to cre-
ate an actual representation. Also, we calculated the driving 
distance from the scene of injury to the trauma center with 
Bing Maps [12]. This navigation software has been devel-
oped for regular traffic. Because ambulances are allowed to 

use alternate routes, we may have overestimated the driving 
distance. Furthermore, some patients were treated on-scene 
and were not transported to a trauma center. However, the 
exclusion of these patients will probably not have affected 
our results as we assume that the vast majority of these 
patients were not in need of specialized care. Also, low-pri-
ority transports were excluded from this study, because these 
are scheduled transports. We assume that these low-priority 
cases do not involve patients in need of specialized care and 
will therefore not have affected our main outcomes. Finally, 
we conducted this study in nurse-staffed EMS regions, 
thereby limiting the generalizability of our results to regions 
with ambulances staffed by physicians.

Conclusion

In conclusion, this study has evaluated and compared the 
accuracy of dispatch and transport priority. Professionals at 
the dispatch centers and EMS assigned the majority of the 
patients in need of specialized care with the highest prior-
ity. To improve the outcome of patients requiring special-
ized care and to achieve the most efficient use of resources, 
future research should investigate the effectiveness of highly 
accurate priority criteria.
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