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absTracT
background
In the Netherlands there is no consensus about criteria for cancelling Helicopter Emergency 

Medical Services (HEMS) dispatches. In this study we assessed the ability of the primary HEMS 

dispatch criteria to identify major trauma patients. Furthermore we evaluated the predictive 

power of other early prehospital parameters in order to design a safe triage model for HEMS 

dispatch cancellations.

methods
All trauma-related dispatches of HEMS during a period of six months were included. Data 

concerning prehospital information and inhospital treatment were collected. Patients were 

divided in two groups (major and minor trauma) according to the following criteria: ISS ≥ 16, 

emergency intervention, ICU admission, or inhospital death. Logistic regression analysis was 

used to design a prediction model for the early identification of major trauma patients. 

results
In total, 420 trauma-related dispatches were evaluated, of which 155 concerned major trauma 

patients. HEMS were more often cancelled for minor trauma patients than for major trauma 

patients (57.7% vs. 20.6%). Overall, HEMS dispatch criteria had a sensitivity of 87.7% and a 

specificity of 45.3% for identifying major trauma patients. Significant differences were found 

for vital sign abnormalities, anatomical components and several parameters of the mechanism 

of injury. A new triage model that was designed for cancelling HEMS correctly identified major 

trauma patients (sensitivity 99.4%).

conclusion
The accuracy of our current HEMS dispatch criteria is relatively low, resulting in high 

cancellation rates and low predictability for major trauma. The new HEMS cancellation triage 

model identified all major trauma patients with an acceptable overtriage rate and will probably 

reduce unjustified HEMS dispatches.
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inTroducTion
Field triage of trauma patients can be complex and challenging. In the past decades, several 

scoring systems have been designed to improve triage and to provide appropriate care to each 

patient. These scoring systems are based on combinations of physiological, anatomical and 

mechanism of injury (MOI) parameters, as suggested by the American College of Surgeons.1 Thus, 

these scoring systems have been shown to lack sensitivity for identifying severely injured patients, 

causing considerable rates of over- and undertriage.2,3,4 Both these phenomena are not desirable.

HEMS have become a major part of the modern trauma care system providing prehospital 

care for severely injured trauma victims in order to improve outcome and increase chances 

of survival. In some countries the main purpose is to deliver a medical team to support the 

paramedics of the ground ambulance. In HEMS care, overtriage causes increased costs, 

additional safety risks to the flight crew and lowered availability of HEMS for severely injured 

patients who really do benefit from its care. On the other side, undertriage may result in 

deprivation of life-saving care. Several studies have shown that patients who receive on-scene 

HEMS care (especially multitrauma patients and patients with traumatic brain injury) indeed 

benefit from its care.5,6,7,8 In the Netherlands, HEMS are mainly dispatched for trauma-related 

reasons and mostly used for medical assistance on-scene including airway management, rapid 

sequence induction, chest tube placement, administration of advanced analgesia and specific 

medication and limited surgical interventions. Patient transportation only occurs occasionally. 

HEMS dispatch is mostly based on the initial call to the Emergency Medical Services (EMS) 

dispatch centre by a passer by, according to standardized dispatch criteria. This information 

usually consists of MOI parameters. Though, HEMS dispatch can also be triggered on 

physiological and / or anatomical grounds (unconsciousness, massive blood loss, respiratory 

distress, traumatic amputation, impaled, trapped). Dispatch may occur after initial assessment 

by an EMS crew (secondary dispatch) based on more information on the mechanism and more 

accurate anatomical and physiological assessment.

A previous study showed that Dutch HEMS are associated with high levels of primary 

overtriage, resulting in cancellation of the missions by the already on-scene ground ambulance, 

before HEMS even arriving on the scene of the accident.9 In our trauma system there is no 

consensus about standardized criteria for cancelling deployed HEMS. In most cases HEMS are 

cancelled for patients with stable vital signs (with a Revised Trauma Score of 12) after (often high 

energy) blunt trauma.9

In this study we assessed the ability of the existing primary HEMS dispatch criteria to identify 

major trauma patients. We then evaluated the predictive power of alternative early prehospital 

parameters in order to design a safe triage model for cancelling unnecessary HEMS dispatches.

PaTienTs and meThods
study setting
This study was carried out at the VU University Medical Centre, a level 1 trauma centre at which 

one of the four Dutch HEMS is stationed. This HEMS, consisting of a HEMS physician (trauma 

surgeon or anesthesiologist), a HEMS nurse ((EMS or Emergency Department (ED) nurse)) 

and a pilot, covers a territory of almost four million inhabitants with five EMS dispatch centers. 
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Each year, our HEMS is dispatched approximately 1,200 times, of which almost 92% are trauma-

related dispatches. The cancellation rates are between 30% and 50%.9 Primary HEMS dispatch 

criteria are (mostly) based on MOI parameters.

study design
All dispatches of our HEMS during a period of six months were included in this study. HEMS 

requests from other trauma regions were excluded because of handling different dispatch 

criteria, as well as non trauma-related missions and patients with missing data.

Research data were extracted from the HEMS database, the regional trauma registry of the 

two level 1 trauma centers (VU University Medical Centre and the Academic Medical Centre) in 

our region including the region hospitals, as well as the original ambulance forms.

For each dispatch we collected prehospital information related to reason for dispatch, 

vital signs such as the Respiratory Rate (RR), Heart Rate (HR) and Systolic Blood Pressure 

(SBP) and the Glasgow Coma Scale (GCS) of the patient at the scene of the accident directly 

after EMS crew arrival. Inhospital information concerning emergency interventions within six 

hours (craniotomy, thoracotomy, laparotomy, angio-embolization, external fixation of pelvis 

/ femur), admission to the Intensive Care Unit (ICU) within 24 hours, mortality and the Injury 

Severity Score (ISS) were also retrieved.

Patients were divided in two groups: major and minor trauma patients. Major trauma 

patients were defined according to the following criteria:10

- ISS ≥ 16 and / or

- Emergency intervention within 6 hours after hospital admission and / or 

- Direct ICU admission and / or

- Death before or during hospital admission

Statistical comparisons between these two groups were performed using t-test, Mann-

Whitney tests and chi-square tests. Mean values were presented with their standard deviations 

as mean (±SD).

To identify prehospital predictors of major trauma patients, we entered all prehospital 

parameters, including the primary dispatch criteria, in stepwise backward logistic regression 

analyses using a cut-off value of p = 0.05. 

A revised HEMS cancellation triage model was designed consisting of the parameters 

selected by the logistic regression. The sensitivity, specificity, accuracy, positive (PPV) and 

negative predictive values (NPV) were calculated for both the primary dispatch criteria and the 

newly developed cancellation model. Differences between the findings of the two models were 

assessed using the McNemar test. Statistical analysis was performed using the SPSS software 

package (SPSS 17.0 for Windows; SPSS, Chicago, IL, USA). Statistically significant was defined as 

p < 0.05.

resulTs
During the study period, HEMS were dispatched 605 times (Figure 1). Of these, 77 were 

HEMS assistance requests from other trauma regions and 44 missions had missing data, 

which were all excluded. Of the 484 included missions, 420 (86.8%) were trauma-related and 
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further analyzed. Mean age was 37.8 years and 289 patients (68.8%) were male. Almost 93% 

of the patients sustained blunt injuries, of which 219 concerned traffic accidents and 120 falls. 

Approximately 54% of the patients were involved in High Energy Accidents (according to the 

ATLS11). After initial assessment in the ED, 21 patients underwent emergency interventions and 

65 were directly admitted to the ICU. 

One hundred and thirty six patients (32.4%) were polytraumatized patients (ISS ≥ 16). The 

remaining 284 patients (ISS < 16) had a mean ISS of 4.6 (± 3.9). Fifty patients died before or during 

hospital admission (including on-scene deaths). In total, HEMS was cancelled after deployment 

by the on-scene EMS crew for 185 of the 420 (44%) dispatches (Table 1).   

After dividing the total population into major (n=155) and minor trauma patients (n=265), 

the number of dispatches which met the primary dispatch criteria was calculated, as depicted 

in Table 2. One hundred and thirty six major trauma patients (87.7%) met at least one of these 

criteria. Overall, the primary dispatch criteria had a specificity of 45.3%, a PPV of 48.4%, a NPV 

of 86.3% and an accuracy of 60.9% for major trauma patients. In total, HEMS were cancelled for 

32 major trauma patients (20.6%).
67 

 

 
Figure 1. Flow chart of study population 

 
One hundred and thirty six patients (32.4%) were polytraumatized patients (ISS ≥ 
16). The remaining 284 patients (ISS < 16) had a mean ISS of 4.6 (± 3.9). Fifty 
patients died before or during hospital admission (including on-scene deaths). In 

605 dispatches during study period 

484 included missions 

420 trauma related dispatches 

155 major trauma patients 265 minor* trauma patients 

Comparison Primary dispatch criteria and 
new prehospital items 

Comparison of cancellations and 
cancellations according to the 

Cancellation Criteria 

* ISS < 16; ICU < 24 h; no urgent surgery; no death 

HEMS  

Exclusions: 77 other region / 44 missing 

figure 1. Flow chart of study population

* ISS < 16; ICU < 24 h; no urgent surgery; no death
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Table 1. Main characteristics of the 420 included patients

n %

Mean age (yr) (± SD) 37.8 (±20.9)

Male 289 54.3%

Blunt Injury 390 92.9%

High Energy Accident 228 54.3%

Falls 120 28.6%

Traffic accidents 219 52.1%

HEMS cancellations 185 44%

Emergency intervention 21 5%

ICU admission 65 15.4%

Mortality within 24 hours 50 12%

Mean ISS (± SD) 17.9 (±22.6)

ISS ≥ 16 136 32.4%

Table 2. Evaluation of the primary HEMS dispatch criteria

major trauma 
(n=155)

minor trauma 
(n=265) or P-value

High Energy Trauma (Blunt): 116 (74.8%) 112 (42.3%) 4.1 <0.001

Victim launched from vehicle 2 (1.3%) 1 (0.4%) 3.5 0.284

Pedestrian hit by motor vehicle – speed ≥30 Km/h 17 (11%) 19 (7.2%) 1.6 0.18

Fall from ≥5 meter height 28 (18.1%) 13 (4.9%) 4.3 <0.001

Accidents involving: truck/subway/train/airplane/ship 22 (14.2%) 20 (7.5%) 2.0 0.028

Prolonged extrication time ( ≥ 15 minutes) 12 (7.7%) 9 (3.4%) 2.4 0.049

Entrapment 7 (4.5%) 7 (2.6%) 1.7 0.302

Drowning / accidents involving submersion 8 (5.2%) 18 (6.8%) 0.7 0.503

Severe hypothermia (temperature ≤ 32˚C) 1 (0.6%) 0 (0%) 0.19

Accidents involving electricity/chemicals/radiation 0 (0%) 0 (0%) 1

Explosion 1 (0.6%) 0 (0%) 0.189

Traumatic amputation of limbs above ankle or wrist 3 (1.9%) 1 (0.4%) 5.2 0.113

Penetrating trauma (stab or gunshot) 6 (3.9%) 13 (4.9%) 0.8 0.622

Possible trauma to airway, shock or coma 58 (37.4%) 0 (0%) <0.001

Burn victims ≥ 15% BSA or involvement of head / neck 5 (3.2%) 1 (0.4%) 8.8 0.018

Patients with at least one of the primary dispatch criteria 136 (87.7%) 145 (54.7%) 5.9 <0.001

In addition to the primary dispatch criteria, we also reviewed several other prehospital items 

(Table 3). Major trauma patients were significantly more often involved in bicycle / scooter 

crashes, pedestrian run overs and hanging injury / strangulation incidents. They also showed 

significantly more abnormalities in vital signs, including SBP < 90 mmHg, HR < 60/min or > 

120/min, oxygen saturation < 92%, RR < 10 or > 21/min, lowered GCS and loss of consciousness 

after the accident. Significant differences were also found for anatomical components such as 

neurological abnormalities, defined as pupil disorders, blood or liquor loss from ear – nose – 

mouth, or depressed skull fracture, unstable pelvis, two or more long – bone fractures, severe 
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chest injury (defined as absent or decreased breath sounds) , flail chest, stridor, asymmetric 

trachea or seatbelt sign, spine injury, inhalation injury and age < 5 or >55 years.

Table 3. New prehospital items not included in the current HEMS dispatch criteria

major trauma 
(n=155)

minor trauma 
(n=265) or P-value

mechanism of injury component

Car crash > 60km/h 17 (11%) 36 (13.6%) 0.8 0.436

Bicycle / scooter crash > 30km/h 40 (25.8%) 30 (11.3%) 2.7 <0.001

Motorbike crash > 30km/h 9 (5.8%) 10 (3.8%) 1.6 0.333

Car roll over 4 (2.6%) 9 (3.4%) 0.7 0.641

Person run over 11 (7.1%) 2 (0.8%) 10 <0.001

Crash into obstacle 16 (10.3%) 19 (7.2%) 1.5 0.259

Hit by heavy object 10 (6.5%) 20 (7.5%) 0.8 0.674

Hanging injury / Strangulation 8 (5.2%) 0 (0%) <0.001

Physiological component

SBP < 90 mmHg 64 (41.3%) 0 (0%) <0.001

HR > 120/min 26 (16.8%) 5 (1.9%) 10.5 <0.001

HR < 60/min 46 (29.7%) 0 (0%) <0.001

Oxygen Saturation < 92% 73 (47.1%) 3 (1.1%) 77.7 <0.001

Abnormal RR 90 (58.1%) 9 (3.4%) 39.4 <0.001

GCS 3 - 8 93 (60%) 6 (2.3%) <0.001

GCS 9 - 12 15 (9.7%) 12 (4.5%) 0.001

GCS 13 - 15 47 (30.3%) 247 (93.2%) <0.001

Loss of consciousness 109 (70.3%) 56 (21.1%) 8.8 <0.001

anatomical component

Neurological abnormalities 86 (55.5%) 5 (1.9%) 64.8 <0.001

Unstable pelvis 28 (18.1%) 2 (0.8%) 28.9 <0.001

Two or more long - bone fractures 27 (17.4%) 4 (1.5%) 13.8 <0.001

Severe chest injury 42 (27.3%) 10 (3.8%) 9.5 <0.001

Spine injury 17 (11%) 13 (4.9%) 2.4 0.02

Inhalation Injury 6 (3.9%) 2 (0.8%) 5.3 0.024

Age < 5 or > 55 years 51 (32.9%) 58 (22%) 1.8 0.014

Backward stepwise logistic regression analyses, entering all primary dispatch criteria (Table 

2) and the new prehospital items (Table 3), resulted in 14 independent predictors of major 

trauma (Table 4). Based on these analyses, a triage model for cancelling HEMS was designed 

(Figure 2). This model identified 99.4% of the major trauma patients and had a specificity of 

59.2%, a PPV of 58.8%, a NPV of 99.4% and an accuracy of 74.5%. These findings significantly 

differed from the primary dispatch criteria (p=0.015).
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Table 4. New HEMS triage model

ß se or lower upper P-value

mechanism of injury component

Pedestrian hit by motor vehicle–speed   ≥ 30Km/h 1.697 0.726 1.6 1.317 22.625 0.019

Bicycle / scooter crash > 30km/h 1.993 0.541 2.7 2.542 21.179 0.001

Motorbike crash > 30km/h 2.189 0.725 1.6 2.155 36.968 0.003

Fall from ≥ 5 meter height 2.964 0.603 4.3 5.938 63.215 <0.001

Prolonged extrication time (≥ 15 minutes) 2.500 0.737 2.4 2.875 51.577 0.001

Hanging injury / Strangulation

Physiological component

Possible trauma to airway, shock or coma

Abnormal RR 1.558 0.585 39.4 1.509 14.957 0.008

Oxygen Saturation < 92% 2.182 0.914 77.7 1.477 53.146 0.017

HR > 120/min 1.867 0.744 10.5 1.506 27.787 0.012

HR < 60/min

SBP < 90 mmHg

GCS 3 – 8 16.1 <0.001

GCS 9 – 12 2.594 0.647 3.6 3.762 47.560 <0.001

anatomical component

Neurological abnormalities 2.989 0.658 64.8 5.469 72.166 <0.001

Unstable pelvis 2.766 1.002 28.9 2.451 102.973 0.004

Inhalation Injury 3.894 1.029 5.3 6.538 368.916 <0.001

Constant -3.776 0.421 <0.001

discussion
The results of this study showed that our HEMS deals with a high level of cancellations. A 

considerable part of these cancellations (20.6%) concern major trauma patients, which can be 

considered as undertriage. Also, a significant part of the on-scene assists still concern minor 

trauma patients (overtriage), reaching almost 45% of all assists. This according to the well 

known fact that finding an acceptable balance between over- and undertriage is difficult within 

a trauma system.

Worldwide, several research groups have described in their studies the accuracy of 

prehospital triage criteria in identifying major trauma patients. Because of the low predictability, 

these studies also showed that by designing new, simplified triage models, the reliability will 

increase.2,3,4,12 However, “the perfect triage model” does not exist. A certain rate of over- and 

undertriage will always be present in any trauma system. As the American College of Surgeons 

– Committee on Trauma stated “in general, priority has been given to decrease of undertriage, 

because undertriage may result in preventable mortality or morbidity from delays in definitive 

care. Therefore, an undertriage rate of 5-10% is considered unavoidable and is associated with 

an overtriage rate of 30-50%”.13 Widely most used are criteria containing MOI, physiological or 

anatomical parameters, a combination of which seems to be most effective for adequate triage.      

Bledsoe and colleagues14 described in their meta-analysis the severity of the injuries of 

patients transported by HEMS, suggesting that current HEMS dispatch criteria may result in 

a significant degree of overutilization. They showed in their analysis that 60% of the trauma 
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patients in which HEMS was involved (n=31,244 patients) had an ISS ≤ 15 and as a result, nonlife-

threatening injuries. They concluded that it is important to clearly identify the subset of trauma 

patients who would benefit most from HEMS care in future studies, and afterwards revise the 

present HEMS dispatch criteria.  

In our trauma region the EMS dispatch centres handle a low activation threshold for 

dispatching HEMS, mostly using MOI criteria (Table 2). This is logical, assuming that all primary 

HEMS dispatches are based on often incomplete and unclear information concerning the 

accident and not patients injuries, given by a lay caller to the dispatcher. According to the 

results of this study, the reliability of our primary HEMS dispatch criteria was not high, having a 

sensitivity of 87.7%. Publications assessing the predictability of HEMS dispatch criteria are scarce 

and old. Ringburg et al.15 described in their systematic review the validity of HEMS dispatch 

criteria in several trauma systems. They showed that criteria based on MOI parameters had a 

low PPV (27%) and criteria based on anatomical parameters combined with MOI parameters 

resulted in an undertriage rate of 13%. Most reliable physiological parameters seemed to be loss 

of consciousness with a sensitivity of 93-98%, abnormalities in RR, HR and BP.

74 
 

Figure 2. New HEMS Cancellation Model 

 

 
 
 

figure 2. New HEMS Cancellation Model
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Another purpose of this study was to design a new triage model for the EMS crews for safely 

cancelling inappropriate HEMS dispatches. By combining criteria from the primary dispatch 

criteria and several new prehospital parameters, we were able to design a new model with high 

predictability for major trauma, with which HEMS dispatches can safely be cancelled. Thus, the 

high predictability was calculated by applying the model on the same population in which this 

model was designed. In order to assess the validity, this model needs to be prospectively tested 

in different trauma systems.  According to our knowledge, this is the first study that focuses on 

criteria for safely cancelling HEMS. 

As shown in the study of Ringburg et al.15, the majority of the physiological parameters 

included in our new triage model (RR, HR and SBP) are good predictors for major trauma, having 

a high sensitivity (98%) and an acceptable sensitivity (43%). Besides these criteria, several studies 

have shown that the GCS has a high predictive value for traumatic brain injury and the need 

for specialized care.16,17 As showed in this study, all physiological parameters were significantly 

worse in major trauma patients. Combinations of MOI and anatomical parameters would result 

in a nearly acceptable undertriage level, but are associated with high rates of overtriage.15 This 

is why we chose to include these parameters in our new triage model, accepting the possibility 

of overtriage, without increasing undertriage.

Within our population, only one major trauma patient was not identified by the new triage 

model (undertriage). This case concerned a person who fell from height of three meters on 

his right arm and leg. This patient had stable vital signs without neurological abnormalities 

on-scene and complained about pain in his right lower leg. During initial assessment in the 

hospital, a cerebral contusion, a mandibular fracture and a comminuted fracture of the right 

tibia were diagnosed, having an ISS of 22.      

A limitation of this study was the retrospective analysis in a consecutive cohort of 

patients. As a result, a number of patients were excluded because of missing on-scene data 

(7.3%). Though, all original ambulance forms were searched up at the archives of the regional 

ambulance services, as a result collecting reliable on-scene information and thereby improving 

data quality. Another limitation could be the inclusion of patients of all ages. As known from 

the literature, in paediatric and geriatric trauma patients the physiological variables used in 

trauma triage criteria can be significantly affected by age, decreasing their predictive value 

in these categories of trauma patients.18,19 A final drawback of this study is the fact that the 

amount of major trauma patients for whom HEMS was not dispatched at all was not assessed, 

as a consequence not knowing the undertriage level caused by the primary dispatch criteria.    

It has been shown that there is no consensus about uniformity in the use of HEMS dispatch 

criteria on a national as well as an international level. Deployment of HEMS is not only depending 

on dispatch criteria models, but is also influenced by several organisational factors like the 

education of the dispatcher, the training of EMS crews, the familiarity with the dispatch criteria 

and the response of bystanders.20 Differences in characteristics of trauma patients between 

countries also plays an important role. Nevertheless, we think that the new developed HEMS 

cancellation model can be useful in similar trauma systems, especially in the European (Dutch) 

setting.

56



H
EM

S C
A

N
C

ELLA
TIO

N
 C

RITERIA

4

conclusion
The primary HEMS dispatch criteria cause a high rate of overtriage in our trauma system. By 

implementing the new cancellation triage model, the accuracy of identifying major trauma 

patients can increase and the inappropriate HEMS assists on-scene can be safely reduced 

without causing unacceptable undertriage. This new model still needs to be validated in a 

prospective study in order to assess its effect on our trauma system.
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