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Abstract 

Background  Air medical transport services play a significant role in emergency situations by providing timely trans-
fers of critically ill patients to medical facilities. This study aimed to investigate the mission characteristics of helicopter 
emergency medical services (HEMS) and the associated time intervals in a geographically remote region of eastern 
Iran. We also compared the prehospital times of HEMS and ground transportation to determine whether dispatching 
a helicopter is time-efficient.

Methods  This retrospective cross-sectional study was conducted at the prehospital emergency medical center 
in Gonabad, a remote area in eastern Iran. Data were collected using standardized electronic forms developed 
by the Ministry of Health and Medical Education (MOHME) in Iran. We analyzed the mission profiles and prehos-
pital time intervals for all Gonabad HEMS missions conducted between 2021 and 2024. The mean activation time 
was compared to the national benchmark of three minutes, and the prehospital time intervals of air ambulances were 
compared to those of ground ambulances.

Results  From 2021 to 2024, there were 252 HEMS missions, transporting 265 patients. Of all 252 missions, 95 (37.7%) 
were primary missions, and 157 (62.3%) were secondary missions. The most frequent reasons for air ambulance dis-
patch were trauma, acute coronary syndrome, and strokes.

The mean ± SD for HEMS activation time was 9.14 ± 3.63 min, significantly exceeding the national benchmark of three 
minutes. HEMS prehospital time was 49.73 ± 9.67 min. The comparison of prehospital time intervals indicated that air 
emergency services are more time-efficient than ground ambulances.

Conclusion  This study found that the mean activation time of air ambulances exceeded the national benchmark 
of three minutes. When comparing prehospital times for air ambulance and ground ambulance services, HEMS 
was faster than both ground scenarios. The current benchmark for helicopter activation time in Iran may need clarifi-
cation and revision.
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Introduction
Helicopter Emergency Medical Services (HEMS), as a 
component of prehospital emergency system, provide 
rapid medical response to patients in remote, hard-
to-reach, or time-critical situations. Evidence suggests 
that HEMS, through safe transportation combined with 
prompt emergency care, is associated with a statisti-
cally significant survival benefit for patients with severe 
injuries [1, 2]. HEMS can improve outcomes in acute 
ischemic stroke and reduce disability after an ischemic 
stroke, thereby reducing rehabilitation costs [3]. There 
is also evidence that HEMS can ​decrease mortality and 
improve functional outcomes f​or rural patients ​with 
moderate to severe traumatic brain injury [4]. However, 
air medical transport services are characterized by high 
resource intensity, which involves constraints related to 
financial, technical, and temporal resources, as well as 
workforce availability [5], and there is ongoing debate 
regarding the benefits of HEMS compared to ground 
emergency medical services (GEMS) [1, 4, 6].

In this context, the HEMS guidelines aim to optimize 
the utilization of air ambulances, ensuring that critically 
ill or injured patients receive timely and appropriate care 
[2, 7]. When deciding whether to use an air ambulance 
for patient transportation, the following general guide-
lines are recommended: (a) If the patient requires trans-
port to a trauma center or specialized care facility that is 
far from their current location, especially in remote areas 
inaccessible by ground vehicles. (b) In situations involv-
ing high-priority patients with serious illnesses or inju-
ries who are trapped, air transport is advisable, as it can 

significantly reduce transport time compared to ground 
ambulances. (c) If ground ambulance access is obstructed 
or unavailable. (d) Air transport should also be consid-
ered when the air transport crew possesses specialized 
medical skills, supplies, or equipment that are not avail-
able with ground ambulances [2].

Theoretically, the main advantages of HEMS include 
reduced transport time for critically ill and time-sensitive 
patients to specific hospitals, as well as the presence of a 
team of experienced medical professionals equipped with 
advanced tools at the patient’s bedside [8]. Therefore, 
assessing the efficiency of helicopter emergency medical 
services requires an evaluation of various performance 
indicators, including prehospital time intervals [4, 6, 9, 
10].

Overall, as shown in Fig. 1, the prehospital time inter-
vals for HEMS can be divided into four components: (a) 
activation time (the duration from the emergency call to 
the air ambulance take-off) (b) response time (the flight 
time from the helipad to the patient) (c) on-scene time, 
and (d) transfer time [11–13].

In Iran, improving HEMS is a key component of the 
“Health Transformation Plan” which was launched in 
May 2014 to facilitate the attainment of universal health 
coverage [14]. The program, developed by the Ministry 
of Health and Medical Education, aims to enhance air 
ambulance services [14–17], and specifies a benchmark 
of three minutes for activation time [14].

Several studies conducted in Iran have reported data 
on the characteristics of HEMS missions and prehospital 
time intervals. However, activation time—the only time 

Fig. 1  Procedure for air medical transport services
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interval with a national benchmark of three minutes—
has not been reported separately [18–24]. Some studies 
have compared the prehospital times of air ambulances 
with those of ground ambulances, finding that HEMS are 
generally time-efficient [19, 21–23]. However, evidence 
suggests that ground ambulances may be faster than air 
transport in certain cities [21].

Against this background,

•	 Our study examines the characteristics of HEMS 
missions and prehospital time intervals in a geo-
graphically remote area of eastern Iran.

•	 We compare the mean activation time for air ambu-
lances to the national benchmark of three minutes.

•	 Considering the study setting, we compare HEMS 
prehospital times with two ground transportation 
scenarios to determine whether dispatching a heli-
copter after receiving a call from the ground ambu-
lance technician at the scene is time-efficient.

Methods
Study setting
Gonabad HEMS is located in the southern part of Kho-
rasan Razavi province in eastern Iran. It serves over ten 
neighboring cities in both Khorasan Razavi and South 
Khorasan provinces, covering a population of approxi-
mately 1.5 million people. The helicopter base is located 
150 m from the emergency department of Bohloul Hos-
pital, the only hospital in Gonabad city.

Weather conditions in this region pose a significant 
challenge, especially during the summer months. Dust 
storms, known as “120-day winds” in eastern Iran, are 
prevalent and affect operations.

HEMS services in Iran are currently restricted to day-
light hours, operating from half an hour after sunrise to 
half an hour before sunset.

The Medicopter used in Gonabad HEMS is a BK-117 
series helicopter (BK117 C-1). Each air emergency mis-
sion is staffed by two emergency medical technicians. 
The types of HEMS missions in Gonabad include pri-
mary missions and secondary missions, the latter refer-
ring to inter-hospital transfers for patients requiring 
higher levels of care [25–27].

Procedures
In our study region, which is flat and not mountainous, 
helicopter emergency medical services typically operate 
as follows: First, ground ambulances, which are region-
ally distributed, are quickly dispatched to the patient’s 
location. After assessing the scene and the patient’s con-
dition, the ambulance crew may request a helicopter to 
transport the patient to the hospital. The helicopter is 
then dispatched to the patient’s location. In rare cases, 

the ground ambulance may transport injured individuals 
to the nearest suitable helipad for helicopter landing and 
takeoff. The HEMS model in our study employs a “scoop 
and run” approach, focusing on rapid response and swift 
transportation of patients to hospitals. Prehospital care is 
provided by two emergency medical technicians.

Data collection
A retrospective study was conducted on all Gonabad 
HEMS missions from January 1, 2021, to July 20, 2024. 
Data were collected using standard electronic forms 
designed by the Ministry of Health and Medical Educa-
tion in Iran. The dispatch process in Iran’s prehospital 
emergency medical services is managed and controlled 
through a web-based system that incorporates Global 
Positioning Systems (GPS) from the initial call to the 
completion of the mission [27]. This electronic tool offers 
several advantages, including national standardization, 
integration with GPS technology, and accurate measure-
ment of all EMS time intervals involved in delivering pre-
hospital emergency care in Iran.

Measurements
The time intervals for HEMS are shown in Fig. 1.

The time intervals for GEMS are measured as follows:

GEMS on-scene time: the duration from the initial 
physical contact with the patient until the patient is 
delivered to the helicopter. As shown in Fig. 1, GEMS 
on-scene time includes both treatment time and the 
waiting time for the helicopter’s arrival; However, we 
do not have these time intervals recorded separately. 
Therefore, to estimate on-scene treatment time for 
ground ambulances, we use the mean on-scene 
time from GEMS missions conducted in non-urban 
regions during the study period. We also consider 
the platinum time principle for on-scene activities, 
which is 10 mins [2].
GEMS transport time: we obtained data on land 
transport times between the emergency scene and 
the destination hospital from the Google Maps web-
site. In our study region, traffic is not a major issue. 
In addition, ambulances in Iran are allowed to exceed 
the speed limit by up to 20% [27]. Therefore, data on 
ground transportation times were collected for the 
time of the accident, considering low traffic condi-
tions.

Data analysis
The data were analyzed in three parts. First, we 
described the characteristics of HEMS missions and 
the associated time intervals. Second, we conducted 
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a one-sample t-test to compare the HEMS activation 
time with the established benchmark time [14]. Third, 
we used a t-test to compare the mean prehospital time 
of HEMS with that of ground transportation (e.g., on-
scene treatment time and transportation time). This 
comparison could help evaluate the time efficiency of 
dispatching an air ambulance after receiving a call from 
the GEMS technician at the emergency scene.

It should be noted that the ground ambulance 
response time is not included in this comparison. 
As mentioned in the procedure section, both air and 
ground services encompass this time interval. There-
fore, we compare the HEMS prehospital time, as shown 
in Fig. 1, with the GEMS on-scene treatment and trans-
portation times.

Results
From January 1, 2021, to July 20, 2024, the Gonabad 
Emergency Medical Center received a total of 192,643 
calls, resulting in 44,981 dispatches. Among these, 
there were 252 HEMS missions that transported 265 
patients.

Of the 252 HEMS missions, 95 (37.7%) were primary 
missions, while 157 (62.3%) were secondary missions.

Table 1 presents a detailed overview of dispatch indi-
cations and injury mechanisms. The most frequent rea-
sons for air ambulance dispatch were trauma (42.3%), 
acute coronary syndrome (25.3%), and strokes (13.2%).

The median age of the patients was 46 years 
(IQR = 27–65), with ages ranging from under one year 
to 94 years. Among all the patients, 55.68% were male.

Figure  2 summarizes the distribution of patients 
based on the time of HEMS missions, which occurred 
between 5 AM and 7 PM.

During the study period, 67 missions (26.6%) were 
conducted in the spring, 74 missions (29.4%) in the 
summer, 52 missions (20.6%) in the fall, and 59 mis-
sions (23.4%) in the winter. However, the distribution of 
missions across the four seasons did not differ signifi-
cantly at the 0.05 level.

A total of 29 primary missions (23.4%) were canceled. 
Figure 3 provides a breakdown of the reasons for these 
cancellations.

All cancellations in the"flight restrictions at night” 
category occurred before sunrise or at sunset. Exclud-
ing these requests, our cancellation rate drops to 20 
(17.4%).

Table  2 presents the mean time intervals for HEMS 
and ground transport services.

Table 3 indicates that the mean activation interval for 
HEMS exceeded the benchmark of three minute [14].

Table 1  Distribution of HEMS patients by traumatic and non-
traumatic injuries (n = 265)

Traumatic, n (%) Non-traumatic, n (%)

Road traffic injury 84 (31.7) Acute coronary syndrome 67 (25.3)

Falls 9 (3.4) Acute stroke 35 (13.2)

Colliding 
with an inanimate 
object

7 (2.6) Pregnancy and childbirth 29 (10.9)

Gunshot 3 (1.1) Decreased level of conscious-
ness

11 (4.2)

Burn 2 (0.8) Poisoning 5 (1.9)

Drowning 2 (0.8) Respiratory failure 3 (1.1)

Stab wound 2 (0.8) Insect bites 1 (0.4)

Electrocution 1 (0.4) Others 2 (0.8)

Hanging 1 (0.4)

Sports injuries 1 (0.4)

Total 112 (42.3) 153 (57.7)

Fig. 2  Distribution of patients by time of HEMS missions (n = 265)
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Our analysis further divided the activation interval into 
two phases:

	(I)	 Preparation phase: from the emergency call until 
the helicopter crew is ready to take off and start the 
rotor;

	(II)	 Takeoff phase: from rotor start to helicopter take-
off.

We found that the mean duration for the preparation 
phase was 5.51 ± 3.15 min, and the mean duration for the 
takeoff phase was 3.91 ± 1.42 min. Both of these durations 
exceed the benchmark of three minutes (p < 0.05).

When comparing prehospital times for HEMS and 
ground transportation, we found a statistically significant 
difference in the mean prehospital times between HEMS 
and ground ambulance services. HEMS was faster, even 
when accounting for a 10-minute on-scene time as a 
benchmark for GEMS (Table 4).

We discuss these findings in detail in the next section.

Discussion
This study investigated the time intervals of helicopter 
emergency medical services (HEMS) and the character-
istics of missions in Gonabad, a remote region in eastern 
Iran. We analyzed 252 HEMS missions involving 265 
patients. Our findings revealed that the mean helicopter 
activation time exceeded the national benchmark of three 
minutes. Furthermore, a comparison between HEMS and 
ground transport scenarios demonstrated that HEMS is 
more time-efficient.

We found that the number of secondary missions 
(62.3%) was greater than the number of primary 
missions. This finding is consistent with a study in 
Tehran, which reported that 63% of missions were 
inter-hospital missions [28]. In contrast, a study in 
Sweden reported that 84.7% of missions were primary 
[29]. These variations may be attributed to several 
factors, including differences in EMS systems. Spe-
cifically, Iran’s EMS model follows the Anglo-Amer-
ican approach, where prehospital care is typically 
provided by emergency medical technicians rather 
than physicians [30]. A previous study conducted in 
Iran showed that when a physician was added to the 

Fig. 3  Reasons for HEMS dispatch cancellation

Table 2  Time intervals for HEMS and GEMS (n = 95)

a The mean on-scene treatment time was calculated using real data from GEMS 
in non-urban missions during the study period
b The on-scene treatment time: platinum-10 min

Mean
(minute)

Std Dev
(minute)

HEMS Activation interval 9.14 3.63

Response interval 17.38 4.17

Approach interval 26.53 5.85

On-Scene interval 5.76 3.74

Transfer interval 17.45 4.15

Prehospital time 49.73 9.67

GEMS On-Scene interval 36.39 8.63

On-Scene treatment timea 15.24 0

On-Scene treatment timeb 10 0

Transfer interval 52.70 13.63

GEMS mission time
(On-Scene Treatment Time 
and Transfer Interval)

a 67.94 13.63
b 62.70 13.63

Table 3  Comparison of helicopter activation time with national 
benchmark (n = 95)

Mean ± SD 
(minute)

Benchmark
(minute)

p-value
95% CI

Activation interval 9.14 ± 3.63 3 p = 0.001
[ 8.39, 9.89]
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decision-making team, the number of cases trans-
ferred by air ambulance increased by more than two 
times [21].

Air emergency missions showed variability between 
6:00 AM and 19:00, with the highest number of mis-
sions occurring between 11:00 AM and 12:00 PM 
(Fig.  2). A study in Tehran found that the peak num-
ber of missions took place between 1:00 PM and 3:00 
PM [28]. Another study in Tehran reported the highest 
number of missions occurring between 12:00 PM and 
2:00 PM, as well as between 6:00 PM and 7:00 PM [20]. 
These differences may be attributed to factors such as 
geographical location, sunrise and sunset times, popu-
lation density, and traffic conditions. It is important to 
note that in many countries, HEMS flight operations 
are conducted at night [30]; however, in Iran, night 
operations are restricted due to infrastructure limi-
tations. This restriction poses challenges in provid-
ing timely assistance, especially during peak accident 
hours between 4:00 PM and 8:00 PM [31].

In this study, trauma, acute coronary syndrome, and 
acute stroke were identified as the main reasons for 
HEMS dispatches. Since these conditions are the lead-
ing causes of death in Iran [32], our findings, which are 
consistent with previous studies [19, 22, 24], under-
score the importance of targeted interventions to 
enhance emergency medical services in the country.

Our study found that 23.4% of primary missions 
were canceled due to adverse weather conditions, 
night-time flight restrictions, technical issues with the 
helicopter, and other reasons (e.g., lack of a landing 
pad, patient death, and simultaneous requests). When 
excluding night-time requests from the cancellation 
count, the cancellation rate drops to 17.4%. A previ-
ous study in Tehran reported a lower cancellation rate 
of 12.6% for HEMS missions. Reasons for cancellation 
included the helicopter’s inability to land at the event 
scene, adverse weather conditions, and patient death 
prior to the emergency team’s arrival [20].

In the following, we will discuss the time intervals in 
more detail.

Activation time
The mean activation time for HEMS in our study was 
9.14 ± 3.63 min, significantly exceeding the national 
standard of three minutes [14]. This duration, from the 
emergency call to helicopter takeoff, is also longer than 
the activation time reported in a previous study con-
ducted in Tehran, which was 7.38 ± 2.50 min [28].

There appears to be ambiguity in the definition of the 
current benchmark for the activation interval, which 
requires clarification [14, 33]. Our findings indicate that 
the mean interval between rotor start and helicopter 
takeoff (3.91 ± 1.42 min) is significantly longer than the 
current benchmark. Furthermore, the interval from the 
receipt of an emergency call to the helicopter crew being 
ready for takeoff exceeds three minutes (5.51 ± 3.15 min), 
which is also statistically significant at the 0.05 level. This 
delay may be partially attributed to the military back-
grounds of the flight crews in our study, who lack EMS 
training. Consequently, their limited medical knowledge 
may hinder their understanding of the risks and impli-
cations associated with emergency situations [8]. To 
address this issue, it is recommended that flight crews 
receive EMS training that includes both safety and medi-
cal topics [2, 8]. However, in Iran, there is currently no 
standardized level of training required for HEMS opera-
tions [8].

Response time
The mean flight time from the helipad to the emergency 
site was 17.38 ± 4.17 min. Most HEMS studies in Iran 
have reported approach time, defined as the interval 
from the emergency call to arrival at the scene [18, 24, 
34]. In other words, their reported approach interval 
includes both the activation interval and the response 
time interval (Fig.  1). However, since activation time is 
the only interval with a national benchmark, it would be 
more beneficial to report activation time and response 
time separately.

We found that our response time exceeds the approach 
time reported in previous HEMS studies in Tehran and 
Qom City [18, 34]. This finding is somewhat unexpected, 
and additional details, such as travel distance, type of 

Table 4  Comparison of prehospital times for HEMS and GEMS (n = 95)

a The mean on-scene treatment time was calculated using real data from GEMS in non-urban missions during the study period
b The on-scene treatment time: platinum-10 min

Air ambulance Ground ambulance p-value
95% CI

Prehospital time interval (mean ± SD in minutes) 49.73 ± 9.67 67.94 ± 13.63a p = 0.001
[16.34, 20.06]

62.70 ± 13.63b p = 0.001
[11.10, 14.82]
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helicopters, and the experience and training of the flight 
crew, are needed to potentially explain these differences.

When comparing our approach time (26.53 ± 5.85), it 
exceeds that of the study conducted in Kurdistan Prov-
ince (21.46 ± 14.12) [24], but is similar to the approach 
time reported in another study in Tehran (26.95 ± 10.78) 
[28].

On‑scene time
The mean on-scene time for HEMS was 5.76 ± 3.74 min, 
which is lower than findings from other studies con-
ducted in Iran, where this interval ranged from 7.85 to 
12.68 min [18, 24, 28, 34, 35]. The longer on-scene times 
reported in these studies may be partly attributed to the 
type of helicopter used. Since most of the patients trans-
ported in these studies were trauma cases, it is likely that 
multiple patients were transported by helicopter during 
each mission. This could result in longer on-scene times 
compared to our HEMS, which utilized a Medicopter 
and, in the majority of missions, transported only one 
patient.

Overall, these short on-scene intervals in Iranian stud-
ies can be attributed to the EMS delivery model in Iran, 
which follows the Anglo-American approach. In our 
HEMS system, emergency medical technicians provide 
limited care at the scene and aim to transfer patients to 
a physician at the hospital as quickly as possible. Fur-
thermore, operating at night can increase on-scene time; 
however, emergency operations in Iran are conducted 
only during the day.

Transport time
The mean transport time for HEMS in our study was 
17.45 ± 4.15 min. This time can be influenced by factors 
such as the distance from the emergency site to the des-
tination medical center, the type of helicopter, weather 
conditions and wind direction [36]. We also obtained 
data on ground ambulance transfer times, which had a 
mean of 52.70 ± 13.63 min.

It is not surprising that air ambulances transport 
patients faster than ground ambulances. In the follow-
ing section, we will compare the total prehospital time 
for HEMS and GEMS, excluding the ground ambulance’s 
waiting time at the scene for the helicopter’s arrival (see 
Fig. 1).

Prehospital time
The total mission duration for HEMS, from the emer-
gency call to landing at the hospital helipad, was cal-
culated to be 49.73 ± 9.67 min. This prehospital time is 
shorter than those reported in studies from different 
regions of Iran, which ranged from 52.33 to 93.72 min 
[24, 28, 35].

When comparing the prehospital times of HEMS with 
ground transportation, our findings align with previous 
studies conducted in Iran [18, 19], which indicate that air 
emergency services are more time-efficient than ground 
services. However, evidence suggests that in certain cit-
ies within Iran’s Fars province, helicopter dispatch may be 
less effective, as the rescue times for HEMS were longer 
than those for ground ambulances. This indicates that 
while air ambulances typically provide shorter prehos-
pital times, local factors can significantly influence their 
efficiency [21].

Limitations
The major limitation of our study is the lack of detailed 
records for the on-scene time of ground ambulances. 
As shown in Fig. 1, the on-scene time for ground ambu-
lances consists of two components: treatment time and 
waiting time for the helicopter. While we have the total 
on-scene time interval, we do not have data for these spe-
cific components. To estimate the on-scene treatment 
time for GEMS, we utilized the mean on-scene time from 
ground ambulance dispatches during the study period in 
non-urban areas.

Conclusion
This study shows that the activation time, a modifiable 
component of the HEMS prehospital interval, exceeds 
the national benchmark of three minutes. Our analysis of 
HEMS prehospital times compared to ground transpor-
tation indicates that HEMS is faster than ground ambu-
lances, suggesting that dispatching a helicopter is more 
time-efficient.

Future research could explore the factors contributing 
to delays in activation time and evaluate the effectiveness 
of providing basic EMS training for flight crews to opti-
mize HEMS efficiency and potentially enhance patient 
outcomes.

Furthermore, the current national benchmark for heli-
copter activation time may require clarification and revi-
sion, as its definition contains ambiguities that should be 
addressed in future guidelines.
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