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ABSTRACT 

Study objective: Aero medical crews offer an ad- 
vanced level of practice and rapid transport to 
definitive care; however, their efficacy remains 
unproven. Previous studies have used relatively 
small sample sizes or have been unable to ade- 
quately control the effect of other potentially 
influential variables. Here we explore the impact 
of aero medical response in patients with mod- 
erate to severe traumatic brain injury. Methods: 
This was a cross-sectional study using our coun- 
ty trauma registry. All patients with trauma injury, 
who referred to our emergency department by 
helicopter or car, were included. The impact of 
aeromedical response was determined using lo- 
gistic regression, adjusting for age, sex, mecha- 
nism, preadmission Glasgow Coma Scale score 
and Injury Severity Score. Finally, the aeromedi- 
cal patients undergoing field intubation were 
compared with ground patients undergoing emer- 
gency department (ED) intubation. Results: A 
total of 243 patients meeting all inclusion and 
exclusion criteria and with complete data sets 
were identified. Overall mortality was 25% in the 
air- and ground-transported cohorts, but out- 
comes were not significantly better for the aero- 
medical patients when adjusted for age, sex, me- 
chanism of injury, hypotension, Glasgow Coma 
Scale score, head Abbreviated Injury Score, and 
Injury Severity Score (adjusted odds ratio [OR] 
1.90; 95% confidence interval [CI] 1.60 to 2.25; P: 

0001). Good outcomes (discharge to home, jail, 
psychiatric facility, rehabilitation, or leaving aga- 
inst medical advice) were also higher in aero- 
medical patients (adjusted OR 1.36; 95% CI 1.18 
to 1.58; P: 0001). Conclusion: Here we analyze a 
large database of patients with moderate to se- 
vere traumatic brain injury. Aeromedical respon- 
se appears to yield no significantly improved 
outcomes after adjustment for multiple influen- 
tial factors in patients with moderate to severe 
traumatic brain injury. 
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1. BACKGROUND 

Trauma is one of the common causes of death which 
has a considerable loss of productivity and subsequent 
social and economic damage [1-3]. This factor is the 
fourth most frequent cause of death in the UK and the 
first reason of the loss of life in the young people in Iran. 

In spite of this high level importance of trauma care, 
many studies have reported that almost of the patients 
received less than good standard care practice with pre- 
hospital care and trauma networks [4]. The importance of 
emergency medical services in the care of traumatic pa-
tients has increased with the development of out-hospital 
emergency care and transport [5,6]. 

In Iran, patients usually are transported by the ground 
ambulance and rarely by the helicopter emergency me- 
dical service (HEMS).  
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The HEMS, which is the most rapid and expensive 
way of patients’ transfer, was started during the Korean 
War as a part of emergency health services and now a 
day are widely used in Europe and the US. The first time 
of using helicopter transfer for trauma patients in Iran 
was about 1981 during Iran-Iraq war. Now there are 
more than 25 helicopter air ambulances in Iran. 

The utilization of helicopters in the transport of trauma 
patients is thought to confer some benefits such as the 
patients transportation from remote areas or Facilitation 
of rapid transport of a specialist team to the scene of in-
jury (systematic review) [7-9]. Therefore, many of health 
system staffs believe that air-medical transport is critical 
in regionalized health care systems for acutely injured 
patients [3,7]. 

Although little is known about the risk of adverse 
clinical outcomes associated with air transport, patients 
may deteriorate in transit because of progression of un-
derlying diseases, the physical stress of transport, or care 
delivered before or during transportation [10]. For now, 
there is no general agreement and solid evidence of the 
benefit of this practice and it remains as a considerable 
debate whether helicopter deployment for trauma pa-
tients is cost effective [11-15]. 

This is partly due to conflicting reports in the research 
literature on the impact of HEMS on trauma mortality, 
lower incidence of major trauma and the high cost of 
airframes and support [16-18]. 

HEMS in different areas and different setting could 
have completely different effects and health benefits due 
to geography, population density, traffic conditions and 
emergency medical service (EMS) design.   

In this study, we evaluated the services of a paramedi-
cal HEMS operating in the Emergency department. It 
seems that early and fast transport of trauma patients is 
life saving. There is no consensus on the superiority of 
the HMT cost-effective in comparison with the GMT. 
The aim of our study was to investigate the potential 
health benefits of HEMS and their relation to the cost of 
this service. 

1.1. Methods & Materials 

The helicopter is located in the town of Tehran, and it 
is manned by a pilot and two paramedics licensed who 
can provide full ALS care. The service area of HEMS is 
400 KM within 30 min of flying time on average. The 
helicopter operated 24h/day throughout the year. The 
conditions of ground units are the same with a driver 
and two paramedics’ licensed which operate 24 h/day 
throughout the year but usually use for urban area and 
closer distances. 

As a cross-sectional study, we screened all traumatic 
patients treated by the HEMS or ground ambulances who 
referred to Imam Khomeini Hospital between April 2011 

and September of 2012. We obtained data on the clinical 
and demographic characteristics of patients. The data 
included the place of accident, distance from hospital, 
and pre-hospital GCS and vital signs and other complica-
tions.Statistical analysis was performed by the SPSS 
software version 16. 

We retrospectively scored their Injury Severity based 
on Injury Severity Score (ISS) and followed them 
through seven days to estimate the final condition.  

To calculate predicted Mortality based on injury sever-
ity and physical sign, we used TRISS formula by enter-
ing the data to its special site estimated mean mortality 
of them by this formula and take the difference between 
the mean of predicted mortality and real mortality in 
traumatic patients [8]. 

As a next step, to estimate the cost of different emer-
gency medical services by recourse to the health ministry, 
we took the annual running cost of HEMS and Ground 
ambulance. 

The Regional Ethics Committee of Tehran University 
of Medical Sciences (TUMS) approved the collection 
and recording of the study data. 

1.2. Statistics 

We generated descriptive statistics with secondary 
analyses stratified according to sex, injury, type of send-
ing site and geography. We assessed variables for co 
linearity and used multivariable logistic regression to 
identify factors that were independently associated with 
in-transit critical events. We used the Kruskal-Wallis test 
for medians and chi-square test for binary and categori-
cal variables for comparisons across groups. 

2. RESULT 

We identified 243 transports of traumatic patients by 
HEMS or ground ambulances during the study period, 
135 (55.6%) patients by HEMS and 108 (44.4%) by 
ground unit. Characteristics of patients and transports in 
two groups are shown in Table 1. Patient characteristics 
are varied but not significantly different in the two 
groups. Further, the significantly patient origin is more 
rural areas in HEMS and more urban in Ground unit (p < 
0.05). 

To compare the final outcomes and cost in two groups, 
we divided different clinical conditions in 4 categories: 
death on-scene, at the time of arrival, under surgery and 
discharge from hospital. The result showed that the 
HEMS had significantly more death on-scene (31.1%) 
and surgical patients (40%) in contrast of ground units (p 
value: 0.007) detail showed in Table 2. 

In addition, General Consciousness Score GCS is sig- 
nificantly different in the two groups. We had 13 patients 
with severely decreased level of consciousness (GCS 3 - 
8), 5 patients were moderate but decreased level of con-  
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Table 1. The characteristics of patients in HEMS and ground 
unit transportation. 

Variables HEMS Ground unit P-value 

Mean age 31.47 29.61 N.S 

Sex (male) 105 84 N.S 

Sex (female) 30 24 N.S 

Home 0 15 Sig. 

Work place 18 12 Sig. 

Rural area 90 24 Sig. 

Urban area 27 57 Sig. 

 
Table 2. The frequency and percentage of death in the HEMS 
and ground unit transportation. 

 
Clinical  

condition 
Frequency Percentage 

On-scene 11 25.7% 

At the time of 
arrival 

1 2.8% 

Under surgery 10 27.8% 

Death in the 
ground units 

transportation 

After  
discharge 

23 63.9% 

 

On-scene 14 31.1% 

At the time of 
arrival 

2 4.4% 

Under surgery 18 40% 

Death in the 
HEMS 

transportation 

After  
discharge 

13 28.9% 

 
sciousness (GCS 9 - 13) and 31 mild cases in HEMS 
group. But in Ground unit transport we did not have any 
severe decreased level of consciousness and only 15 
cases and 63 in moderate or mild level.  

More, the costs of transport medical patients in each of 
the separate groups were evaluated by resource of the 
health ministry or hospital information. There is a sig-
nificant difference between the cost of pre-hospital care 
in different type of medical care transfer (P value: 0.045). 
So 35.6% of patients in group transferred by air spending 
more than 500$ but only 11.1% which transferred by 
ground (Table 3).  

As a next step, we calculated ISS and RTS of each pa-
tient in two groups separately and examined the differ-
ence with paired T-test. The result indicated that there is 
a significant difference among ISS and RTS in two 
groups of patients transferred. The ISS mean in HEMS 
transferred was about 12.93 and 6.66 in ground units. It 
was also applied to the RTS mean in HEMS and ground 
units (6.73 and 7.69). 

Table 3. The cost of transportation in HEMS and ground unit. 

 
Cost of  

transportation 
Frequency Percentage 

0$ - 200$ 24 17.8% 

200$ - 500$ 63 46.7% 
HEMS 

transportation 

>500$ 48 35.6% 

0$ - 200$ 27 25% 

200$ - 500$ 69 63% 
Ground unit 

transportation 

>500$ 12 11.1% 

 
Finally, to obtain independent effect of each variable 

on the patients’ outcome logistic regression analysis were 
used. All variables in this study like as the type of trans-
mission, RTS, GCS, cost, ISS, TRIS, age, gender in-
cluded in the multi factorial model for its own specific 
effect on patients outcome. By removing confounding 
effects of different variables on each other with SPSS, 
we estimated the specific effect of all variables on out-
come.  

The final model consisted that RTS and GCS were de-
termined only independent factors effect on the probabil-
ity of death. Contrary to initial bi-variant analysis differ-
ent type of transmission could not have an effect on 
mortality rate by its own and it will affect because of 
different primary ISS and RTS level of patients in two 
different transferred types.  

The above results showed that for every unit increase 
in RTS the incidence of death will increase five times (CI 
95% equals 8.44 ± 1.1). And per unit increase in level of 
consciousness incidence of death decrease 0.537 times 
(CI 95% equals 3.11 ± 0.9). It was also the same rela-
tionship between the level of consciousness and death in 
the first 24 hours was observed. So for every unit in-
crease in level of consciousness probability of death will 
decrease 1.92 times.  

3. DISCUSSION 

Helicopter transport is an expensive and limited re-
source, and to our knowledge the question of cost effec-
tiveness of air medical transfer on the mortality of 
trauma patients has not been addressed previously [11, 
16,17,19]. 

The logistical and ethical barriers to a randomized 
controlled trial comparing HEMS with GMT in the 
transport of trauma patients are numerous. This has re-
sulted just in some cohort or cross-sectional studies 
forming our present knowledge. The strategies used to 
assess trauma care are also limited and are ably discussed 
by Thomas et al. [20]. 

In recognition of these limitations of the current evi-
dence base, careful consideration must be given to the 
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cost-effectiveness of running active HEMS [1,21-23]. 
Most of the studies supporting the use of helicopters in 

prehospital care have beneficial effects in patients with 
trauma [7,24,25]. In the US air-transported trauma pa-
tients had 52% lower mortality than that of patients 
transported by ground [5]. In London, only the most se-
riously injured trauma patients benefited from HEMS 
[12]. 

In a different setting, HEMS could cause different out-
comes. In some of them it appears economically viable 
and in some of them not [17,26]. Gearhart et al. showed 
helicopter transport was cost-effective in truma patients 
[27], Moreover the variables under which helicopter 
transport of patients with acute myocardial infarction for 
primary angioplasty [12]. And Silbergleit et al. indicates 
helicopter transfer of patients with suspected acute 
ischemic stroke for potential thrombolysis is cost-effec-
tive for a wide range of system variables [13,28]. 

On the other hands, some studies indicated that, dif-
ferent factors could affect on HEMS efficacy [11,29,30]. 
The study of 792 trauma patients showed that HEMS are 
associated with higher levels of pre-hospital medical care 
and faster transportation than ground EMS .However the 
Z test for independent populations demonstrated no sig-
nificant difference in mortality between two groups [14]. 

Also in study by Nardi et al. which patients of HEMS 
had better outcomes, there was no significant difference 
in the pre hospital times. They mentioned the improved 
survival in HEMS group may be due to the technical 
interventions performed [31,32]. 

All these reports indicated that different case compli-
cation and service configuration may have contributed to 
difference effectively. As a summary, reviews show that 
HEMS is an effective transmitter way for pre medical 
care with a good safety record but it needs strict criteria 
to select appropriate patients to be cost-effective [33]. 

 In addition most of the HEMS missions were about 
the rural area with crash accident and higher level of 
injury and it may not be justified to compare the benefit 
of HEMS in rural areas to the potential benefit in densely 
populated urban areas [29,34-36]. We estimated that 
overall only a minority of patients who received HEMS 
are benefited from. 

On the other hand, by our data collection in 2010 the 
cost per mission (a mission in which a patient was at-
tended) could cost between 200$ and 500$ depending on 
service configuration on the other hand every ground 
unit will cost around 100$. 

HEMS in the Iran are currently operated by govern-
ment and funded by public health budget and insurance 
and it was a serious conflict to decide about the cost ef-
fectiveness of this expensive emergency services.  

4. CONCLUSION 

The HEMS procedures are a part of the chain of sur-

vival but applied alone, it is seldom life saving. The be- 
neficial effects of having helicopter emergency services 
are about rural areas and out of reach origin. In general, 
the benefit is mainly due to HEMS procedures on-scene 
and the cost per beneficial mission is high. It could be 
more cost-effective if we used HEMS selectively just for 
special mission and cases. All the aspects should be con-
sidered to improve management of patients in different 
situation and further evaluation of these aspects seems to 
be necessary. 
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