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This thesis describes several aspects of prehospital triage in trauma patients, focusing on 

optimization of the use of advanced medical care at the scene of the accident (i.e. HEMS) 

and evaluating protocols and dispatch criteria used by prehospital caregivers. Overtriage is 

a daily phenomenon in early trauma care, resulting in little impact to the patient. This results 

in increased workload at the receiving hospital, an inappropriate use of healthcare and loss of 

medical service coverage, withholding essential care from patients who would really benefit 

from it. One of the most important aspects in prehospital care is to assess patient’s injuries 

as quickly as possible in order to identify those who are severely injured and need advanced 

medical care, and to transport the ‘right‘ patient to the ‘right’ hospital for further treatment.

ParT 1: PrehosPiTal managemenT of The 
injured PaTienT
In 1995 Helicopter Emergency Medical Services (HEMS) were introduced in the Netherlands. 

The first HEMS-team was based on the VU University Medical Centre in Amsterdam. Aim of 

this concept was the delivery of a physician-based trauma team to the scene of the accident as 

quickly as possible, in addition to the EMS crew. The HEMS handles a low activation threshold 

and is dispatched by the EMS dispatch centre mostly at the same time as the EMS crew. This 

dispatch is based on information, given by a lay caller. It is possible for the EMS crew, after 

arriving at the scene, to cancel the HEMS dispatch in case they appear not to be necessary.

From the daily practice we know that, although much attention has been paid to improve 

the dispatch criteria, HEMS are often cancelled after being dispatched. 

chapter 2 assesses the cancellation rate and the noncompliant dispatches of HEMS. 

Secondly, factors were identified which are associated with this form of primary overtriage. 

After being dispatched (n=605), the HEMS team was cancelled in almost 50% of all cases. By 

using criteria from the literature we assessed the appropriateness of the missions. Almost 26% 

of all dispatches were neither appropriate, nor met the dispatch criteria. Fourteen missions (3%) 

were appropriate, but did not meet the dispatch criteria. The remaining 318 dispatches (68%) 

had met the dispatch criteria, of which 135 (30.3%) were also appropriate. The undertriage rate 

was found to be 4%, which is acceptable. After analysis, all cancellations were justified. The 

additional costs of the cancelled missions were within an acceptable range (€ 34,448 for 203 

cancellations; €170 for each cancelled dispatch). According to this study, it seems to be possible 

to reduce the overtriage rate of the HEMS dispatches, without increasing the undertriage 

rate to non acceptable levels. Accurate handling of the dispatch criteria is therefore of big 

importance.

In chapter 3 we assessed the ability of a maximum on-scene Revised Trauma Score (RTS = 

12) to be used as a triage tool for HEMS cancellation. 

Four-hundred and forty blunt trauma patients having a maximum RTS were included. Eighty 

patients (18.2%) received on-scene HEMS care. Almost 16% of the total population concerned 

major trauma patients, of which only 25 (36%) received HEMS care. In 17 patients (3.9%) the RTS 

deteriorated during transportation. Major trauma patients sustained more injuries to the chest, 

abdomen, and lower extremities. We concluded that the RTS alone seems not to be a reliable 

triage tool for HEMS cancellations in our trauma system and will lead to a considerable rate of 
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undertriage with 1 in every 6 cancellations being incorrect. Other cancellation criteria based on 

patient’s vital signs, combined with anatomical and mechanism of injury parameters should be 

developed to safely minimize triage errors.

Until today though there is no consensus about criteria for cancelling HEMS dispatches in 

our trauma system. In chapter 4 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. 

In total, 420 trauma-related dispatches were evaluated within a period of six months, of which 

155 concerned major trauma patients. 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 (including 

additional mechanism of injury, anatomical and physiological parameters) correctly identified 

major trauma patients (sensitivity 99.4%). We concluded that 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 and will probably reduce unjustified HEMS dispatches. 

In the past, several studies have shown that HEMS have a positive effect on patient’s outcome. 

It remains though unclear which specific patients benefit most from its care. In chapter 5 we 

assessed the effect of HEMS on the outcome of a large polytraumatized ((Injury Severity Score 

(ISS) ≥ 16)) population. We included all polytraumatized patients treated at the scene of the 

accident by EMS and / or HEMS, and presented in the VU University Medical Centre during a 

period of six years. The total population was divided in two groups according to the presence 

of HEMS on-scene. Almost 60% of all included patients (n=1,073) were treated only by an EMS 

crew at the scene of the accident. The remaining 446 patients received additional HEMS care. 

Significant differences between these two groups were found for demographic characteristics, 

showing that the HEMS group was more severely injured. The predicted survival was calculated 

using the TRISS method, as well as the observed survival, both showing a significantly higher 

outcome for the EMS group (0.88 vs. 0.66 and 0.87 vs. 0.71). However, the Z-statistic showed 

a significant positive difference between the predicted and observed survival for the HEMS 

group (p<0.005) and a negative difference for the EMS group (p>0.1). Per 100 HEMS dispatches, 

5.4 additional lives were saved (W-statistic). A correlation of the observed survival with the first 

measured RTS on-scene showed a positive effect for the HEMS group when the RTS reaches 

a value of 9 or lower, in other words, patients with abnormal vital signs (respiratory and 

hemodynamically). Additional research and continuous revision of dispatch criteria remain of 

importance in order to reach the patients that benefit most from HEMS care.

ParT 2: early inhosPiTal assessmenT of The 
PoTenTial severely injured PaTienT
Rapid assessment and prioritized treatment of patient’s injuries are the foundation of early 

trauma care. Diagnostic imaging is therefore an essential tool in the management of the 

injured patient. Due to prehospital overtriage it is possible that a considerable amount of 
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trauma patients are unnecessarily transported to a level 1 trauma centre and undergoing many 

examinations without having any (significant) injuries. It is important though to be aware of 

patients who are at high risk for missing injuries. 

In our trauma system, a triage protocol is used, based on the guidelines of the American 

College of Surgeons and on the facilities of the different hospitals, in order to treat ‘the right 

patient at the right place’, with the intention to use the available capacities and medical facilities 

optimally. Overtriage remains though a daily phenomenon in our system, causing unnecessary 

mobilization and use of medical resources for patients without significant injury. In chapter 6 a 

prospective study is described, assessing the overtriage rate in the trauma resuscitating room 

of the VU University Medical Centre. Within a period of two months, 128 trauma patients were 

seen in the trauma resuscitating room. Sixty-nine patients were admitted to the hospital of 

whom 21 in the intensive care unit. Fourteen patients had an emergency operation. Forty-five of 

the 128 (35%) patients were discharged after being treated in the emergency department. More 

than 50% of them had experienced a high energy trauma. By using the regional prehospital 

triage guidelines we concluded that only 22 of the 128 patients (17%) were correctly triaged and 

presented in our hospital.

After admission and during the initial assessment of trauma patients in the trauma 

resuscitating room, radiological examinations are performed in order to rapidly address all 

injuries. Previous studies have shown that performing these examinations routinely is not 

always necessary and that trauma patients are exposed to high radiation doses. chapter 7 

assesses the amount and findings of radiological examinations during the initial assessment 

of trauma patients and to determine the radiation doses to which these patients are exposed 

to. In total 1,124 patients were analyzed. Almost 3,900 x-rays were performed for the total 

population of which 25.4% showed positive findings. FAST of the abdomen was performed in 

989 patients, founding injury in 10.6%. Additional CT scan examination was totally performed 

1,890 times for 813 patients (72.1%), of which approximately 43.4% revealed positive findings. 

Hemodynamically and neurologically stable patients showed more negative findings on the 

radiographic studies than unstable patients. The mean radiation doses for the total population 

was 8.46mSv (± 7.7) and for polytraumatized patients (ISS≥16) 14.3mSv (±9.5). These results show 

that radiological diagnostics during initial assessment have a relatively high rate of overuse. 

The radiation doses to which this population is exposed to is considerable. Considering that 

the majority of the injured patients who are admitted are hemodynamically stable and alert, 

careful clinical examination should be performed to rule out injury before performing selective 

x-ray and CT-scanning.

From the other side it is known that despite the presence of diagnostic guidelines for the 

initial evaluation in trauma, the reported incidence of missed injuries is considerable. chapter 

8 assesses the missed injuries in a large cohort of trauma patients and possible risk factors for 

missing injuries. In total 1,124 patients were analyzed. Overall, 122 injuries were missed in 92 

patients (8.2%). Most injuries concerned the extremities. Sixteen injuries concerned major 

injuries (AIS grade of ≥ 3). Patients with missed injuries had significantly higher ISS (median of 15 

vs. 5, p<0.001). Factors associated with missed injuries were severe traumatic brain injury (GCS 

≤ 8) and multitrauma (ISS ≥ 16). Seventy-two missed injuries (59%) remained undetected during 

tertiary survey. In total, 31 operations were required for 26 initially missed injuries. These results 

show that the rate of missed injuries in our system is comparable with the literature and their 
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consequences are not severe. A high index of suspicion remains though warranted, especially 

in polytraumatized patients.

The tertiary survey, as a part of early trauma assessment, seems to be a key role in preventing 

injuries been missed. In order to assess the evidence for whether tertiary surveys reduce the 

missed injury rate in admitted trauma patients a systematic review was performed in chapter 9. 

All study assessing tertiary surveys with short-term measures of missed injuries and long term 

health outcomes were analyzed. Finally, ten articles were included in the review. There were no 

randomized trials. The remaining observational studies were of variable risk of bias: only three 

studies reported outcome data on missed injuries for both intervention and control groups. 

Meta-analysis of the three studies suggested tertiary surveys may reduce missed injuries (OR 

1.72; 0.62-4.77), but with significant heterogeneity (I2 = P<0.0001). No studies reported outcome 

data on long term health outcomes. This review suggests that routine tertiary surveys for 

admitted trauma patients probably reduce missed injury rates. However, the evidence is of 

high risk of bias. No studies assessed other long-term benefits. Future studies should therefore 

include consistent outcome definitions and long-term health outcomes such as missed injury 

rates after hospital discharge and functional status.

In overall conclusion, triage and early assessment of injuries form an important part of 

modern trauma care. This part is well functioning in our trauma system, leading to little 

undertriage and an acceptable amount of missed injuries. Though, the amount of overtriage and 

overuse of advanced medical facilities, diagnostics and specialized personnel is considerable. 

The results of this thesis showed that by revising present protocols and implementing new 

guidelines it is possible to safely decrease the above mentioned phenomenon, without 

increasing errors in triage and in the assessment of patient’s injuries which could result in 

negative consequences for the patient. In order to reach the highest possible sensitivity, it is 

of big importance that these protocols and criteria are handled correctly by all those who are 

involved in the early care of trauma patients.
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