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absTracT
background 
Worldwide, HEMS have become standard in the prehospital care of severely injured patients. 

Several studies have shown that HEMS have a positive effect on patient’s outcome. Though, it 

remains unclear which specific patients benefit most from its care. The aim of this study was to 

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

(ISS) ≥ 16)) population.

methods
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 were included and 

retrospectively analyzed. The total population was divided in two groups according to the 

presence of HEMS on-scene. Prehospital, inhospital and outcome parameters were compared. 

The TRISS method was used to calculate the probability of survival.

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

remaining 446 patients received additional HEMS care. Significant differences between these 

two groups were seen in 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 87.7% vs. 71.3%. 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), meaning that the chance of surviving in the HEMS group was higher. 

Per 100 HEMS dispatches, 5.4 additional lives were saved. 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. 

conclusion 
On-scene HEMS care has a positive effect on the survival of polytraumatized patients, saving 

5.4 additional lives per 100 HEMS deployments. This positive effect is especially seen in patients 

with abnormal vital signs (respiratory and hemodynamically). Research and revision of dispatch 

criteria are important in order to reach patients that benefit most from HEMS care.
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inTroducTion
Since more than 15 years Helicopter Emergency Medical Services (HEMS) with specialized 

physician-based medical teams providing care to severely injured patients, is a common 

phenomenon in the daily prehospital care in the Netherlands. Its goal is the fast on-site triage 

and special care with advanced medical interventions. The effect of HEMS on the outcome of 

trauma patients however is difficult to assess and has become a subject of discussion.  However, 

several studies concluded that specific groups of trauma patients, i.e. multitrauma patients and 

patients with neurological injuries indeed profit from its care.1-6

HEMS are deployed based upon dispatch criteria which have preferably a high sensitivity 

and specificity for safe identification of patients who will benefit most from its care. However, 

in daily practice it is difficult to identify these patients based on these dispatch criteria thus 

leading to considerable levels of over- and undertriage.7-10 The HEMS handle a low activation 

threshold and are dispatched by the EMS dispatch centre at the same time as the EMS crew 

(primary dispatch.) HEMS dispatch is mostly based on the initial call to the EMS dispatch 

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

consists of mechanism of injury (MOI) parameters but HEMS dispatch can also be triggered 

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

distress, traumatic amputation, impaled, trapped). HEMS may also be summoned after initial 

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

and more accurate anatomical and physiological assessment.

The aim of this study was to assess the beneficial effect of additional HEMS care on the 

survival of polytraumatized patients ((Injury Severity Score (ISS) ≥ 16)) treated in a European 

Level 1 trauma centre. Secondly, which early parameters could be identified predicting 

beneficial effect of HEMS care on patient’s outcome. To our knowledge, no earlier studies 

have compared the outcome of severely injured patients, treated by EMS- or HEMS-personnel, 

based on prehospital vital signs.

PaTienTs and meThods
study setting
The VU University Medical Centre (VUmc) is a level-1 trauma centre located in Amsterdam 

and covers the North-West trauma region of the Netherlands. Together with surrounding 

affiliated hospitals, VUmc covers the trauma care of 2.7 million inhabitants in these regions. 

Approximately 700 trauma patients are annually admitted to the trauma resuscitation room, of 

which roughly 25% are polytraumatized patients.

In the Netherlands, HEMS consist of a specially trained physician (trauma surgeon or 

anesthesiologist) and an Emergency Department nurse or EMS nurse. HEMS add advanced 

medical interventions to the on-scene care, including airway management, rapid sequence 

induction, placement of chest tubes, administration of advanced analgesia and specific 

medication and limited surgical interventions. One of the four Dutch HEMS is located at the 

VUmc and covers a territory of almost four million inhabitants with five EMS dispatch centers. 

Each year, the HEMS are dispatched approximately 1,200 times, of which almost 92% are 

trauma-related dispatches. Primary HEMS dispatch criteria are shown in Figure 1.
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study design
In this study all trauma patients admitted and treated in our hospital during a period of six 

years were retrospectively assessed. Of the patients with an ISS ≥ 16 we included those who 

were directly transported from the scene of the accident by EMS or HEMS. Prehospital 

information was collected concerning patient’s characteristics, on-scene presence of HEMS, 

prehospital times ((including the on-scene time (OST) and total prehospital time (TPT)), vital 

signs measured on arrival of the EMS / HEMS on-scene ((Respiratory Rate (RR), Systolic Blood 

Pressure (SBP), Glasgow Coma Scale (GCS)), Revised Trauma Score (RTS) and prehospital 

intubation. Inhospital information was assessed regarding patients status during admission on 

the trauma resuscitation room, emergency intervention ((chest tube placement, craniotomy, 

thoracotomy, laparotomy, pelvic / femoral (external) fixation and / or angio-embolization)), 

Intensive Care Unit (ICU) admission, ISS and total length of hospital stay (LOS). The included 

population was divided in two groups: patients who received only EMS care and patients who 

were treated by HEMS in addition to EMS care. Demographic characteristics were compared 

for both groups. For each patient the probability of survival was calculated. Observed survival 

was defined as being discharged from the hospital alive. In order to assess differences in survival 

between both groups, several subgroups were defined using the ISS and the presence of severe 

cranial, chest and abdominal injury.

statistical analysis
Continuous variables were described as mean with standard deviations (SD) and compared using 

Mann Whitney U-tests. Categorical variables were described as percentages and compared 

using Pearson Chi-square tests. Statistical analysis to identify potential contributing factors 

associated with survival was performed by univariate analysis. The probability of survival was 

High Energy Trauma (Blunt):

       -Victim launched from vehicle / motorcycle

       -Pedestrian hit by motor vehicle – speed ≥ 30 Km / h

       -Fall from ≥ 5 meter height

       -Accidents involving: truck / subway / train / airplane / ship

Multiple (seriously) injured victims (triage)

Prolonged extrication time ( ≥ 15 minutes)

EMS travelling time ( ≥ 20 minutes)

Entrapment

Drowning / accidents involving submersion

Severe hypothermia ≤ 32˚C

Accidents involving: explosives/electricity/chemicals/radiation

Paediatric resuscitation

Traumatic amputation of limbs above ankle or wrist

Penetrating trauma (stab or gunshot)

Possible trauma to airway, shock or coma

Burn victims ≥ 15% BSA or involvement of head / neck

figure 1. Primary HEMS dispatch criteria
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calculated using the Trauma Injury Severity Score (TRISS) method (logistic regression based).11 

The M-statistic was calculated which is used to ensure an equivalent case mix between the 

Major Trauma Outcome Study (MTOS)12 and this study population and is generally considered 

acceptable to apply uncorrected TRISS when M ≥ 0.88. The Z-statistic was calculated which 

is used to evaluate whether the difference between the predicted and observed survival is 

statistically significant. A positive Z-statistic indicated that the observed survival was higher 

than the predicted. The W-statistic was calculated to estimate the amount of lives saved for 

every 100 HEMS cases.13 Factors associated with survival are given in odds ratios with 95% 

Confidence Intervals (C.I.). All P-values <0.05 were considered statistically significant. Statistical 

analysis was performed using the SPSS software package (SPSS 17.0 for Windows; SPSS, Chicago, 

IL, USA).

resulTs
Between July 1st 2004 and July 1st 2010, 1,306 trauma patients with an ISS ≥ 16 were treated in 

the VUmc. One hundred and thirty eight patients were excluded: 47 patients were transported 

from surrounding hospitals (secondary referrals), 48 patients concerned walk-in patients, 11 

patients presented in more than 24 hours after the accident (the last two mostly concerning 

neurological injury after low-energy accidents) and 22 patients for whom prehospital data 

could not be retrieved. The remaining trauma patients who sustained blunt or penetrating 

trauma were directly transported from the scene by EMS / HEMS to the study hospital and 

were included for further data analysis. (n = 1,073) (Figure 2).

In total, 627 (58.4%) patients were treated on-scene and transported only by an EMS crew. 

The remaining 446 (41.6%) of the included patients received additional HEMS care. After 

comparing demographic characteristics for these two groups, significant differences were 

found for sex, mean age, mean prehospital Glasgow Coma Scale, Revised Trauma Score, On 

Scene Time and Total Prehospital Time, prehospital intubations, mean Injury Severity Score, 

emergency interventions, primary Intensive Care Unit admissions, mean Length Of hospital 

Stay and in-hospital mortality (Table 1).

Patients who were only treated by the EMS crew showed a significantly higher chance 

for surviving after the accident as measured by the TRISS method (0.88 vs. 0.66, p<0.001). 

In parallel, the observed survival was significantly higher in the EMS group (87.7% vs. 71.3%, 

p<0.001). The Z-statistic showed a positive difference between the observed and estimated 

survival for the HEMS group (p<0.005) and a negative difference for the EMS group (p>0.1) 

(Table 2). By calculating the W-statistic a mortality reduction was seen in the HEMS group equal 

to 5.4 additional lives saved per 100 HEMS dispatches.

Both groups were categorized in subgroups based on ISS for survival rate comparison. The 

HEMS group revealed almost the same effect on outcome in the group with most severely 

injured patients (ISS 41-75) when compared to the EMS group (Table 2). When adjusted the 

observed survival rates according to the TRISS (Table 3), the HEMS group shows again a better 

outcome, especially for the most severely injured patients with an odds ratio of 4.1 in the group 

with a probability of survival between 0 and 0.124.
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Patients who were only treated by the EMS crew showed a significantly higher 
chance for surviving after the accident as measured by the TRISS method (0.88 
vs. 0.66, p<0.001). In parallel, the observed survival was significantly higher in the 
EMS group (87.7% vs. 71.3%, p<0.001). The Z-statistic showed a positive 
difference between the observed and estimated survival for the HEMS group 
(p<0.005) and a negative difference for the EMS group (p>0.1) (Table 2). By 
calculating the W-statistic a mortality reduction was seen in the HEMS group equal 
to 5.4 additional lives saved per 100 HEMS dispatches. 
Both groups were categorized in subgroups based on ISS for survival rate 
comparison. The HEMS group revealed almost the same effect on outcome in the 
group with most severely injured patients (ISS 41-75) when compared to the EMS 
group (Table 2). When adjusted the observed survival rates according to the 
TRISS (Table 3), the HEMS group shows again a better outcome, especially for 

1,306 patients with ISS ≥ 16 

1,211 patients transported 
from scene by EMS / HEMS 

47 patients transported from other 
hospitals   48 walk-in patients 

105 patients sustained other than                        
blunt or penetrating trauma                              

11 patients presented after more than 24 hours 
22 patients with missing data 

1,073 included patients 

627 patients treated on-scene 
only by EMS (58,4%) 

446 patients additional treated 
on-scene by HEMS (41,6%) 

figure 2. Study population

Table 1. Demographic characteristics

only ems (n=627) ems + hems (n=446) P-value

Male 396 (63.2%) 331 (74.2%) <0.001

Mean age (yr) (SD) 49.3 (22.8) 40.5 (21.4) <0.001

Blunt Injury 602 (96%) 426 (95.5%) NS

Penetrating Injury 25 (4%) 20 (4.5%) NS

Mean prehospital GCS (SD) 12.5 (3.9) 8.8 (5.1) <0.001

Mean prehospital RTS (SD) 11 (2.1) 8.9 (3.5) <0.001

Prehospital Intubation 26 (4.1%) 260 (58.3%) <0.001

Mean On Scene time (min) (SD) 20.7 (9.8) 27.1 (15.9) <0.001

Mean Prehospital Time (min) (SD) 42.3 (12.9) 49.3 (17.3) <0.001

Mean ISS (SD) 22.2 (7.5) 28.5 (10.4) <0.001

Emergency Intervention 186 (29.7%) 220 (49.3%) <0.001

Primary ICU admission 291 (46.4%) 293 (65.7%) <0.001

Mean LOS (days) (SD) 16 (22.5) 20.2 (24.5) 0.004

Mortality 77 (12.3%) 128 (28.7%) <0.001

Table 2. Survival assessment

only ems (n=627) ems + hems (n=446) P-value or (95% c.i.)

Mean TRISS (SD) 0.88 (0.22) 0.66 (0.35) <0.001 -

Total population 550 (87.7%) 318 (71.3%) <0.001 0.3 (0.3 – 0.5)

Z statistic - 0.183 (p > 0.1) 3.13  (p < 0.005)

ISS 16-24 396 (94.3%) 137 (86.7%) 0.005 0.4 (0.2 – 0.7)

ISS 25-40 145 (76.7%) 147 (66.2%) 0.022 0.6 (0.4 – 0.9)

ISS 41-75 9 (50%) 34 (51.5%) 1 1 (0.4 – 3)
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Figure 3 depicts the observed survival correlated with the first measured Revised Trauma 

Score on-scene for both groups. When the RTS reaches a value of 9 or lower, the difference in 

survival between both groups rises, showing a positive effect for patients who received HEMS 

care. In other words, patients with abnormal vital signs have a better chance of survival when 

HEMS are involved. After dividing the RTS in the underlying parameters, the patients that seem 

to benefit most from HEMS care are those with hemodynamic abnormalities (SBP < 90mmHg). 

discussion
This study describes a large cohort of more than 1,000 severely injured patients treated in a 

European Level 1 trauma centre, a part of which received HEMS care on-scene. According to 

Table 3. Predicted and observed survival in both groups

Probability of survival  
(Ps using the Triss)

observed survival 
only ems

observed survival 
ems + hems P-value or (95% c.i.)

0 – 0.124 1 of 16 (6.3%) 13 of 48 (21.3%) 0.277 4.1 (0.5 – 34)

0.125 – 0.249 8 of 19 (42.1%) 12 of 37 (32.4%) 0.561 0.7 (0.2 – 2)

0.250 – 0.374 3 of 5 (60%) 13 of 20 (65%) 1 1.2 (0.2 – 9.3)

0.375 – 0.499 5 of 9 (55.6%) 10 of 17 (58.8%) 1 1.1 (0.2 – 5.8)

0.500 – 0.624 9 of 16 (56.3%) 20 of 29 (69%) 0.518 1.7 (0.5 – 6.1)

0.625 – 0.749 14 of 18 (77.8%) 26 of 37 (70.3%) 0.749 0.7 (0.2 – 2.5)

0.750 – 0.874 31 of 40 (77.5%) 20 of 33 (60.6%) 0.133 0.4 (0.2 – 1.2)

0.875 – 1.000 479 of 504 (95%) 204 of 212 (96.2%) 0.563 1.3 (0.6 – 3)
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Figure 3. Survival correlated with the prehospital RTS for both groups 
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Figure 4. Survival correlated with the prehospital components of the RTS (RR, SBP and GCS) for both 
groups 
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Figure 4. Survival correlated with the prehospital components of the RTS (RR, SBP and GCS) for both 
groups 
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Discussion 

 

This study describes a large cohort of more than 1,000 severely injured patients 
treated in a European Level 1 trauma centre, a part of which received HEMS care 
on-scene. According to our analysis, 5.4 lives of polytraumatized patients are 
saved for every 100 HEMS dispatches. An earlier study demonstrated almost the 
same result, concluding that HEMS have a clearly positive effect on survival of 
patients with severe injuries.3 Oppe et al3 showed that HEMS involvement reduced 
mortality 12 to 17%, though, there was no difference in quality of life for survivors. 
Frankema et al4 concluded that patients suffering multiple trauma who received 
HEMS care had an approximately twofold better chance of survival, especially for 
those with blunt trauma. A recent review of the literature showed that HEMS have 

figure 4. Survival correlated with the 
prehospital components of the RTS 
(RR, SBP and GCS) for both groups
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our analysis, 5.4 lives of polytraumatized patients are saved for every 100 HEMS dispatches. An 

earlier study demonstrated almost the same result, concluding that HEMS have a clearly positive 

effect on survival of patients with severe injuries.3 Oppe et al3 showed that HEMS involvement 

reduced mortality 12 to 17%, though, there was no difference in quality of life for survivors. 

Frankema et al4 concluded that patients suffering multiple trauma who received HEMS care 

had an approximately twofold better chance of survival, especially for those with blunt trauma. 

A recent review of the literature showed that HEMS have a positive effect on trauma patients, 

saving 2.7 additional lives per 100 HEMS deployments.6 Hubner14 indicated that more extensive 

prehospital care was performed in case HEMS were involved in the care of injured patients than 

when the EMS crew alone was present. This leaded to a significant reduction of mortality.

Comparing our results with the MTOS database, the M statistic, showed that our population 

was not comparable with the MTOS population. This was caused by the inclusion of only 

severely injured patients (ISS ≥ 16) in our study. As Joosse et al stated, the trauma populations 

described in European studies differ significantly from the MTOS with respect to injury severity 

match, indicating the need for the development of regional trauma databases and modified 

TRISS coefficients based on the geographic location of the injured population included.21 Using 

the Z statistic a positive and significant difference between the predicted and observed survival 

in the HEMS group was demonstrated, in contrast with the EMS group which showed a very 

small but negative difference.

Although it seems reasonable to assume that the most seriously injured benefit most 

from HEMS care it is difficult to assess which anatomic and/or physiologic parameters are 

critical / decisive. Several studies, conducted among general trauma populations concluded 

that especially patients with neurological trauma and patients with multiple blunt injuries 

benefit most from its offered care.6 The present study shows a clearly positive effect of HEMS 

involvement in patients with multiple injuries and threatened vital signs, especially in patients 

with hemodynamic and/or respiratory abnormalities with a low chance of survival. Our results 

depict the difference in observed survival and the calculated probability of survival showing 

a clear positive effect on survival of patients who received HEMS care. Another important 

question concerns the (additional) interventions that make the effect of HEMS care positive? 

Management of (threatened) vital signs seems to play a key role, i.e. airway management and 

fluid administration. Gerritse et al15 showed in a cohort of 558 pediatric (trauma??) patients that 

a considerable amount of children (37%) intubated and ventilated by EMS personnel needed 

emergency correction because of potentially lethal complications. They concluded that HEMS 

bring essential medical expertise in the field not provided by EMS. EMS do not perform a 

significant quantity of procedures obviously needed in the pediatric patient, especially in the 

severely injured ones.16 Prehospital fluid administration is also an important point of discussion. 

A recent study showed that the harm associated with prehospital IV fluid administration 

is significant for injured patients.17 Each patient with multiple injuries should therefore be 

individually evaluated and be treated with controlled fluid administration (HEMS) instead of 

protocolized fluid administration (EMS).

Also important is the prehospital thoracostomy for (tension) pneumothorax. Earlier 

studies showed that decompression of the thorax by needle or tube placement performed 

by a qualified physician is a safe and also lifesaving intervention. The complication rate of this 
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prehospital intervention is similar to the complication rate of thoracostomies performed in the 

Emergency Department.18,19 

This study was carried out in a trauma region with good geographic conditions; each trauma 

patient can be transported from any location within 15 minutes to an appropriate trauma centre. 

Even though the prehospital times were short and the majority of the patients was transported 

within the golden hour to the hospital, the difference in survival between the patients who 

received and who did not receive HEMS care was considerable. We believe that with longer 

prehospital times HEMS care is even more important in severely injured trauma victims. 

conclusion
Although this concerns a retrospective study, the results of this large cohort showed that 

on-scene HEMS care has a positive effect on the survival of polytraumatized patients, saving 

5.4 additional lives per 100 HEMS deployments. This positive effect is especially seen in patients 

with threatened vital signs (respiratory and hemodynamic abnormalities) referring to patients 

with a RTS equal or lower than nine. Appropriate dispatch of HEMS is of big importance in 

saving the lives of severely injured patients. 

declaraTion of inTeresT
The authors report no conflicts of interest. The authors alone are responsible for the content 

and writing of the paper.
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