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Abstract

Background: One of the important components of the health system is the emergency medical services (EMS)
system. The EMS system was implemented at Kerman University of Medical Sciences teaching hospitals to communi-
cate the situation of patients being transferred to the hospital by EMS and to provide facilities tailored to the patient’s
condition. The objective of this study was to investigate the impact of the EMS system on the patient care process
and the workflow of users.

Methods: The hospital information system (HIS) report was used to investigate the impact of the EMS system on

the patient care process and a questionnaire was distributed among 244 participants to determine its impact on the
workflow of the users. Mann-Whitney U was used to analyze HIS reports, and Chi-square was used to analyze the data
collected by questionnaires.

Results: The EMS system reduced the patient’s stay in hospital by an average of 3 h and 45 min. It also increased
the number of patients' discharge from the emergency room to 2.2% and reduced the death rate by 1.3% (p<0.001).
Besides, 78% of physicians, 75% of nurses and 83% of technicians stated that this system has positively influenced
their workflow.

Conclusions: The EMS system reduced the patient’s stay in hospital and mortality, and increased the speed of
patient service, readiness of users to provide patient care and the number of discharged patients. However, problems
such as inappropriate technical infrastructure of the EMS system should be solved to improve patients’ recovery,
reduce mortality and improve user satisfaction.
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Introduction

Emergency medical services (EMS) System is one of the
most important parts of the health care system [1] which
plays a key role in providing pre-hospital services [2].
The first Emergency Medical Services system was cre-
ated by Larry Napoli’s doctor, in the German-Austrian
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war with France [3]. In Iran in 1972, following the col-
lapse of Tehran’s Mehrabad airport roof and a large num-
ber of people were injured, an emergency center was set
up in Tehran and several other big cities [4]. Under the
1973 law American Emergency Medical Services system,
EMS system is an integrated system for providing health
care services in emergency situations [5]. Today, the need
for integrated and organized emergency services and the
provision of quality care and prevention services in the
EMS system have increased. Typically, in cities, the first
contact with emergency patients is provided by the EMS
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[3, 6]. Emergency Medical Services are essential general
medical services [7] with the purpose of providing ser-
vices at the right time and using available resources [8].
Trained technicians early medical emergencies attend
on the patient’s bedside and take the necessary initial
works, then transfer the patient to the hospital. As usual,
pre-hospital care starts at the patient’s bedside and ends
in an emergency hospital [9], but some studies say the
end of it, is the discharge of a patient from the hospital
[10]. The EMS with providing primary care services to
patients provides continuation of treatment by the hos-
pital. Whatever the EMS system performance is more
accurate and faster, the outcomes of patients’ treatment
are improved, and mortality and irreversible complica-
tions are reduced [3, 6, 11-14].

When an emergency patient is transferred to the hos-
pital health care services should be provided as quickly
as possible to save the patient’s life. Before the imple-
mentation of the EMS system, emergency technicians
should complete triage forms of the patients as soon as
they arrived at the hospital. Lack of information on the
condition of the patients before transferring the patient
the hospital was a challenge. Without this information,
hospital staff could not provide facilities tailored to the
patient’s condition before arrival, resulting in the delayed
provision of healthcare services. In order to solve this
problem, the Emergency Medical Services automation
system was created. Today it is necessary to have access
to the patient’s information in order to better provide
emergency services. Access to essential information at
the moment of service delivery is one of the effective
factors in the EMS [15]. EMS technician can increase
the support for emergency services and improve patient
management by providing information from the moment
it is present on the patient’s bedside to deliver the patient
to the hospital [16—-19] and improve the performance of
the emergency department. Awareness of the condition
of a patient during the transition to a hospital provides
time to prepare the equipment and complete the required
medical staff.

Various studies have shown the effectiveness of the
EMS in short and long term periods [20-23]. Medi-
cal surveillance is also recognized as an important part
of any EMS system, that the choice of type and route
of treatment by him has a significant effect on the out-
come of the patient’s treatment [24]. In addition, the
EMS has a positive effect on patient clinical outcomes
in overall interventions [20] and can provide significant
improvements in the quality of service delivery, patient
care and integrated care systems [25]. As noted, if the
EMS automation system cannot improve the patient’s
recovery and the way it serves, the goal of creating it is
to provide a quantitative and qualitative improvement
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in patient service will not be realized. It may also affect
the workflow of triage physicians and nurses and medical
emergency technicians that are the main users, and lead-
ing to problems such as reducing their speed in provid-
ing patient service, misdiagnosis of person’s disease and
etc. As other studies have shown, if users have problems
with the system, they cannot work properly with that sys-
tem, and that all the goals of the system cannot be fully
achieved [26, 27]. Considering the importance of the
EMS in health care system and its impact on patients,
many studies have been conducted in various fields such
as cardiovascular disease and the EMS [28-30].Also,
due to the importance of the EMS users’ impact on the
realization of patient care goals, studies were done also to
identification of factors affecting the readiness of emer-
gency technicians [31], the impact of work in the EMS on
the family [32] and stressors in emergency technicians
[33].

The EMS automation system has recently been
launched at the teaching hospitals of Kerman University
of Medical Sciences. So far, no study has looked at the
impact of this system on all three user groups involved
with it. Since the goal of this system is to provide bet-
ter service to the patient, and the users involved in the
EMS automation system play an essential role in provid-
ing better patient service; in this study, the impact of the
emergency medical services (EMS) automation system
on the patient care process and user’s workflow at the
three teaching hospitals of Kerman University of Medical
Sciences were reviewed.

Methods

System and setting

The study was carried out to evaluate the effect of the
emergency medical services (EMS) automation systems
on the patient care process. The secondary objective
of this study was to investigate the impact of the EMS
automation system on the workflow of users. The EMS
automation system was implemented to provide patient
information to hospital staff before patient reaching the
hospital. This system was first implemented in Kerman to
provide more and better patient service in August 2014,
so that if the implementation of this plan is successful in
Kerman, this project will be implemented throughout the
country. By implementing the EMS automation system,
patient data and vital signs are immediately transmitted
to the physician. This project was officially conducted
in Kerman University of Medical Sciences teaching hos-
pitals in April of 2016. In the EMS automation system,
emergency technicians send an electronic triage form to
the hospital using a mobile phone. This electronic form
that communicates the patient’s condition, before the
patient enters the hospital, replaces the previous paper
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triage form completed after the patient arrivals. For this
reason, the Center of Incident Management and Medi-
cal Emergencies has provided IPhone mobile to techni-
cians. At teaching hospitals of Kerman University of
Medical Sciences, a computer is equipped with an EMS
automation system and speakers for the physician and
nurse awareness of the patient’s condition before arriv-
ing at the hospital. If the patient’s condition is very criti-
cal, the speaker connected to the system will start a siren.
Therefore, emergency physicians and nurses of the triage
ward can provide the necessary facilities and be prepared
for delivering health care services as soon as the patient
arrives at the hospital (Fig. 1).

Study population

A total of 83 doctors and 95 nurses working in the
emergency triage department of Kerman University of
Medical Sciences teaching hospitals, and 66 medical
emergency technicians working at Kerman Center of
Incident Management and Medical Emergencies were
invited to participate in the study. These technicians had
at least a bachelor’s or Associate degree in emergency
medicine and were trained to deliver all emergency ser-
vices to patient form the incidence of illness to the time
they are transferred to a hospital.

Data collection tools and methods
This research consists of two phases:

Phase 1 Investigation the impact of EMS automation
system on patient care process

In this phase, a report from the Statistics and Informa-
tion Technology Center of Kerman University of Medi-
cal Sciences teaching hospitals in order to collect the
patient’s identity and clinical information for comparing
the length of patient stay in the hospital, the place where
the patient is transferred after leaving the emergency
department and the patient’s condition at the time of dis-
charge was received at six months before and after the
launch of the EMS automation system.

Phase 2 Investigation the impact of EMS automation
system on user workflow

In this phase, three semi-structured questionnaires fit-
ting the information needed to conduct research for each
group of users was created by the researcher, and the
content validity of the questionnaires was confirmed by
two experienced faculty members in the field of medi-
cal informatics and two medical specialists of emergency
medicine. Reliability of the questionnaires was evalu-
ated and confirmed by Cronbach’s alpha (physicians:
a=0.814, nurses: «=0.815 and technicians: oa=0.824).
These questionnaires consist of three parts. The first
part consists of six questions for collecting demographic
information such as age, sex, education, marital status,
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work experience and type of employment. The second
part consists of 23 questions for physicians, 22 ques-
tions for nurses and 20 questions for technicians, which
includes questions based on research objectives with
three Likert scale (yes, somewhat, no). The third part
consists of two open questions was to gather suggestions
and criticisms from users regarding to the EMS automa-
tion system. A paper questionnaire in Persian was used to
collect data. When filling out the questionnaires, partici-
pants were assured about confidentiality of the responses.

Data analysis
Phase 1 Investigation the impact of EMS automation sys-
tem on patient care process

The received reports in the Excel file format were
entered into the statistical analysis software, and accord-
ing to the time interval of the study, they were divided
into two groups, six months before the launch of the
EMS automation system and six months after it. Each
group includes the variables of sex, age, date and time of
referral of the patient, the date and time of the patient’s
discharge, the place where the patient was transferred
after leaving the emergency department, the patient’s
condition during discharge, and the length of stay of the
patient in the hospital.

Since the index of Skewness and Kurtosis are very large
and outside of the range of (—1 to+ 1), normalization
of the data is rejected. For this reason, nonparametric
tests were used to analyze the data. Frequency and per-
centage the place where the patient was transferred after
leaving the emergency department and the patient status
at the time of discharge, before and after the launch of
the EMS automation system was reported, and to assess
the equal distribution of these variables in two groups
of patients Pearson Chi-Square test has been used. The
mean, standard deviation and 95% confidence intervals
of the patients’ stay in the hospitals before and after set-
ting up the EMS automation system were reported in
minutes. The Mann—Whitney U test was used to meas-
ure the equal distribution of this variable in two groups
of patients.

Phase 2 Investigation the impact of EMS automation
system on user workflow

In order to analyze the data of the questionnaires, the
data of each group of users were entered into the statis-
tical analysis software separately. In order to investigate
the impact of the EMS automation system on the speed
of patient care provision improvement, patient treatment
outcome, user readiness for patient care, service delivery
precision, speed diagnosis of the disease, care accuracy,
time saving, the users workflow and the determination of
the users problems with the system were used frequency
and percentage for reporting the frequency of users
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responses to each question. Also, in order to measure the
equal distribution of the triple responses for each ques-
tion, Chi-Square test was used.

Results

Analysis of the impact of EMS automation system

on patient care process

Table 1 show the average duration of patients’ stay in the
hospital, the location where the patient goes after leav-
ing the emergency department, and the status of the dis-
charge of patients transferred by the EMS, before and
after the launch of the system. The number of patients
transferred to the hospital by the EMS was six months
before the launch of the EMS automation system for a
total of 58,935 and 63,539 after six months. Fifty-five per-
cent of the patients before the launch of the EMS auto-
mation system and 56% after that were woman with an
average age of 39.7 and 39.4 after that, which is not sig-
nificant. The results showed that the average duration
of patient’s stay in hospital after the launch of the EMS
automation system decreased by 3 h and 45 min, which
is significant. The rate of patient discharge has increased
by 2.2% after the launch of the EMS automation system,
which is significant. The distribution of the status during
the discharge of the patient was significant before and
after the implementation of the EMS automation system.
What’s important is a reduction of 1.3 deaths, which is
significant.

Analysis the impact of EMS automation system on user
workflow

In this study, out of 244 participants, 223 of them (91%)
completed the questionnaire. In total, out of 83 doctors,
68 of them (82%), Out of 95 nurses, 89 of them (94%),
and out of 66 emergency medical technicians, all of them
(100%) completed the questionnaire. Table 2 shows the
demographic characteristics of the users of the EMS
automation system.
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Analysis of questionnaires questions

The answer to the questionnaire questions of each group
of users is shown in Table 3. The results showed that the
distribution of option Yes, Some and No, are not the
same.

Discussions
Principal finding
In this study, the EMS automation system has resulted in
an average reduction of 3 h and 45 min of patient’s stay
in hospital and 2.2% increase in patient’s discharge. Also,
the mortality rate has reduced by 1.3%. Besides, 78% of
physicians, 75% of nurses and 83% of technicians stated
that this system has positively influenced their workflow.

According to the finding of the present study, the
EMS system reduced the patient’s stay in hospital and
increased the number of discharged patients. Reduction
of patient length of stay can reduce patient and hospi-
tal treatment costs. In addition, the patient’s returns to
their home earlier and reduces psychological burden of
them and their family. Also, the EMS system reduced
the mortality rate, since mortality rate is one of the most
important health indicators, reduction in mortality is
very important. The results of this study are consist-
ent with the results of the Fares et al. [11] study, which
states the performance of the EMS system is more accu-
rate and faster, the outcomes of the patient treatment
are improved and the rate of mortality and irreparable
complications is reduced. The EMS system increased
the speed of patient service, readiness of users to pro-
vide patient care and the number of discharged patients;
and reduced the patient’s stay in hospital and mortality.
However, problems such as inappropriate technical infra-
structure of the EMS system should be solved to improve
patients’ recovery, reduce mortality and improve user
satisfaction.

The results of the user’s questionnaire analysis showed
that most physicians and nurses of the triage said that

Table 1 Patients'length of stay, transfer location and discharge status, before and after EMS automation system

Variable Before After P
Average duration of patients stay in the hospital (h) Average=(95% CIT)  51.774(50.89,52.64)  48.02+(47.29,48.75)  <0.0001
Where the patient is transferred  Out of the hospital Frequency (%) 36,022(61.1) 40,206(63.3) <0.0001
Transfer to another department  Frequency (%) 22,913(38.9) 23,333(36.7)
Discharge status of patients Recovery Frequency (%) 42,008(71.3) 45571(71.7) <0.0001
Discharge with personal desire  Frequency (%) 8201(13.9) 7913(12.5)
Disgusting Frequency (%) 814(1.4) 958(1.5)
Transfer Frequency (%) 4498(7.6) 6187(9.7)
Follow-up Frequency (%) 521(0.9) 652(1.0)
Death Frequency (%) 2893(4.9) 2258(3.6)

* Cl confidence intervals
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Table 2 Demographic characteristics of users of the EMS automation system

Variable Doctors Nurses Technician

Frequency (%) Frequency (%) Frequency (%)

Sex Male 55(80.9) 22(24.7) 66(100)
Female 13(19.1) 67(75.3) 0(0)

Age(years) 20-30 2(2.9) 34(38.2) 45(68.2)
31-40 37(54.4) 44(49.4) 19(28.8)
41-50 26(38.3) 10(11.3) 2(3.0)
51-60 3(44) 10.1) 0(0)

Work experience(years) 0-5 13(19.1) 44(494) 31(47.0)
6-10 37(544) 29(32.6) 28(42.4)
11-15 11(16.2) 9(10.1) 6(9.1)
16-20 6(8.8) 4(4.5) 1(1.5)
21-25 1(1.5) 3(34) 0(0)

Educational status General practitioner 63(92.6) - -
Specialist 5(74) - -
Associate degree - - 26(39.4)
Bachelor’s degree - 65(73.0) 34(51.5)
Master's degree - 24(27.0) 5(7.6)
Ph.D - 0(0) 1(1.5)

Marital status Single 23(33.8) 35(39.3) 20(30.3)
Married 38(55.9) 49(55.1) 43(65.2)
Separation from the partner 6(8.8) 4(4.5) 3(4.5)
Partner’s death 1(1.5) 1(1.1) 0(0)

Employment status Permanent employment 43(63.2) 34(38.2) 8(12.1)
Fixed term contract 25(36.7) 47(52.8) 35(53.0)
Freelance contract 0(0) 8(9.0) 23(34.9)

this system would make the patient condition that is
supposed to be brought to the hospital sooner, thereby
providing the necessary facilities for the patient, their
readiness will increase to provide care. In addition, it is
possible for them to diagnose a patient’s disease faster.
On the other hand, being aware of the patient’s condition
on the way to the hospital increases the speed and accu-
racy of their care for the patient and improves their per-
formance to provide care to the patient. They can make
decisions about how to care for the patient more easily
and make their time well to provide care to the patient
in advance. Their mistakes have also been reduced while
providing care to the patient. The results of this study are
consistent with the Yamada et al. [21] study findings that
the use of a tablet to send patient information saves time
for physicians and personnel involved in the EMS and
enable them to share patient information. On the other
hand, their coordination and relationship with other per-
sonnel has also improved and a solidarity relationship has
been established between the care team, which is con-
sistent with the results of the Langabeer et al. [28] study,
which states that the transmission of the patient through
the EMS increases coordination in the care system. In

addition, they stated that this system does not reduce
their stress when providing care to the patient, their
independence and freedom of action and their workload,
does not increase their job security feeling. Also, this sys-
tem does not lead to possible punishment, future career
and behavior change of their colleagues in the event of
an error, and the responsibility for the consequences of
the mistakes and legal responsibility of the patient’s treat-
ment lies with them. In general, this system affects the
workflow of doctors and nurses and according to their
opinion, this positive impact has been evaluated by pro-
viding a better service to the patient and improving their
relationship with other staff.

The results also showed that most medical emergency
technicians announced that the EMS automation sys-
tem would take their time to send patient information to
the hospital and, as a result, their speeds are reduced to
provide initial care to the patient. On the other hand, the
patients and their companions feel that the patients are
neglected by the technician. In addition, their workload
has increased and their workflow has been affected. They
also said they were worried about leaving their mobile
phone resulting in possible punishments, endangering
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Table 3 Answer to questionnaire questions by EMS automation system users

Variable Yes frequency (%) Some No frequency (%) p
frequency
(%)

1: Does the EMS automation system make you aware of the patientto ~ Doctors 49(72.1) 13(19.1) 6(8.8) <0.0001

be brought to the hospital sooner? Nurses 81(91.0) 3(34) 5(5.6) <0.0001
Technicians - - - -

2: Does the EMS automation system increase your readiness to provide — Doctors 43(63.2) 16(23.5) 9(13.3) <0.0001

patient care? Nurses 65(73.0) 13(146)  11(124) <0.0001
Technicians - - - -

3: Does the EMS automation system diagnose a patient disease faster? ~ Doctors 41(60.3) 16(23.5) 11(16.2) <0.0001
Nurses - - - -
Technicians - - - -

4: Does the EMS automation system increase the speed of your Doctors 47(69.1) 16(23.5) 5(7.4) <0.0001

patient’s care provision? Nurses 57(64.0) 15(169)  17(19.1) <00001
Technicians 49(74.2) 9(13.7) 8(12.1) <0.0001

5: Does the EMS automation system improve your performance for Doctors 42(61.8) 14(20.6) 12(17.6) <0.0001

patient care? Nurses 59(66.3) 1314.6)  17(19.1) <0.0001
Technicians - - - -

6: Does the EMS automation system increase your precision to provide  Doctors 39(57.4) 17(25.0) 12(17.6) <0.0001

patient care? Nurses 53(59.6) 28314)  8(9.0) <0.0001
Technicians - - - -

7: Does the EMS automation system make any decision about how to Doctors 48(70.6) 16(23.5) 4(5.9) <0.0001

care for the patient beforehand? Nurses 61(635) 19(21.4) 9(10.1) <0.000]
Technicians - - - -

8: Does the EMS automation system make it easier to decide how to Doctors 48(70.6) 16(23.5) 4(5.9) <0.0001

care for a patient? Nurses  60(67.4) 19214)  10(11.2) <0.0001
Technicians - - - -

9: Does the EMS automation system make it possible for you to adjust ~ Doctors 39(57.4) 19(27.9) 10(14.7) 0.002

your time well to provide patient care? Nurses 56(62.9) 13(1456) 20022.5) <0.0001
Technicians - - - -

10: Does the EMS automation system reduce your stress level when Doctors 2(2.9) 10(14.7) 56(82.4) <0.0001

providing care to the patient? Nurses 2022) 1001.3)  77(86.5) <0.0001
Technicians - - - -

11: Does the EMS automation system reduce your mistakes when Doctors 46(67.6) 11(16.2) 11(16.2) <0.0001

providing care to the patient? Nurses 63(70.8) 11024)  15(168) <0.0001
Technicians - - - -

12: Does the EMS automation system improve the outcome of patient ~ Doctors 46(67.7) 12(17.6) 10(14.7) <0.0001

care? Nurses 66(74.2) 1709.1)  6(6.7) <0001
Technicians 38(57.6) 21(31.8) 7(10.6) <0.0001

13: Does the EMS automation system improve your coordination and Doctors 44(64.7) 18(26.5) 6(8.8) <0.0001

communication with other personnel? Nurses 55(61.8) 14(15.7) 20022.5) <0.0001
Technicians 48(72.7) 12(18.2) 6(9.1) <0.0001

14: Does the EMS automation system make sense of solidarity between  Doctors 44(64.7) 18(26.5) 6(8.8) <0.0001

the care team? Nurses 54(60.7) 15(168)  20(22.5) <0.0001
Technicians 48(72.7) 12(18.2) 6(9.1) <0.0001

15: Does the EMS automation system reduce your independence and Doctors 2(2.9) 5(74) 61(89.7) <0.0001

freedom of action? Nurses 4(4.5) 21236)  64(719) <0.0001
Technicians  3(4.5) 13(19.7) 50(75.8) <0.0001

16: Does the EMS automation system reduce your workload? Doctors 1(1.5) 3(4.4) 64(94.1) <0.0001
Nurses 2(2.2) 8(9.0) 79(88.8) <0.0001
Technicians 5(7.6) 19(28.8) 42(63.6) <0.0001
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Table 3 (continued)

Page 8 of 11

Variable Yes frequency (%) Some No frequency (%) p
frequency
(%)
17: Does the EMS automation system Worried about punishment in Doctors 2(2.9) 7(10.3) 59(86.8) <0.0001
case of error?
Nurses 12(13.5) 24(27.0) 53(59.5) <0.0001
Technicians 38(57.6) 19(28.8) 9(13.6) <0.0001
18: Dose the EMS automation system worrying about your future career Doctors 2(2.9) 7(10.3) 59(86.8) <0.0001
if you have a problem? Nurses 110124) 260292 52(584) <0.0001
Technicians 38(57.6) 19(28.8) 9(13.6) <0.0001
19: Does the EMS automation system make your colleagues change Doctors 5(7.4) 10(14.7) 53(77.9) <0.0001
your behavior in case of mistakes? Nurses 21(236) 15(16.9) 53(59.5) <0.0001
Technicians 11(16.7) 13(19.7) 42(63.6) <0.0001
20: Does the EMS automation system affect your workflow? Doctors 53(77.9) 13(19.2) 2(2.9) <0.0001
Nurses 67(75.3) 15(16.8) 7(7.9) <0.0001
Technicians 55(83.3) 3(4.6) 8(12.1) <0.0001
21: Does the EMS automation system increase your job security feel? Doctors 2(2.9) 10(14.7) 56(82.4) <0.0001
Nurses 6 (6.8) 14(15.7) 69(77.5) <0.0001
Technicians 3(4.5) 6(9.1) 57(86.4) <0.0001
22: Dose the EMS automation system responsible for the results of the  Doctors 2(2.9) 3(4.4) 63(92.7) <0.0001
error only for you? Nurses 1213.5) 3(34) 74(83.1) <0.0001
Technicians 8(12.1) 18(27.3) 40(60.6) <0.0001
23: Does the EMS automation system make it a legal responsibility for Doctors 2(2.9) 4(5.9) 62(91.2) <0.0001
patient treatment? Nurses 12 (135) 3(34) 74(83.1) <0.0001
Technicians - - - -
24: Does the EMS automation system make your time wasting to send ~ Doctors - - - -
patient information to the hospital? Nurses _ _ _ _
Technicians 44(66.7) (21.2) 8(12.1) <0.000
25: Does the EMS automation system make you unnoticed by your Doctors - - - -
patient? Nurses - - - -
Technicians 3(4.6) 9(13.6) 54(81.8) <0.0001
26: Does the EMS automation system make the patient feel overlooked ~ Doctors - - - -
by you? Nurses - - - -
Technicians  60(90.9) 4(6.1) 2(3.0) <0.0001
27: Does the EMS automation system make the patient feel uneasy Doctors - - - -
about the patient? Nurses _ _ _ _
Technicians  60(90.9) 4(6.1) 2(3.0) <0.000
28: Does the EMS automation system disruption to your work? Doctors - - - -
Nurses - - - -
Technicians  3(4.5) (18.2) (77.3) <0.000
29: Dose the EMS automation system worrying about leaving your Doctors - - - -
mobile phone? Nurses - - - -
Technicians  64(97.0) 1(1.5) 1(1.5) <0.000
30: Does the EMS automation system make you feel satisfied during the  Doctors - - - -
work? Nurses - - - -
Technicians  62(94.0) 2(3.0) 2(3.0) <0.0001
31: Does the EMS automation system make you feel tired at the end of ~ Doctors - - - -
the mission? Nurses _ _ _ _
Technicians  4(6.1) (21.2) 8(72.7) <0.000
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their future career and behavior change of their col-
leagues in the event of an error. These concerns may be
due to instability of the job status for emergency techni-
cians, because although most doctors and nurses have
permanent employment or fixed term contracts but most
of the technicians have fixed term or freelance contracts.
Also, doctors and nurses are supported by the hospi-
tal accreditation and quality improvement committees,
while technicians have no support from the hospital. In
addition, coordination and relationship with other per-
sonnel has also been improved, and a solidarity relation-
ship has been established between the care team, which
is consistent with the results of the Langabeer et al. [28]
study, which states that the transmission of the patient
through the EMS increases coordination in the care sys-
tem. On the other hand, sending patient information
to a hospital prior to the arrival of the patient improves
the outcome of care provided to him, which is consist-
ent with the results of the study by Langabeer et al. [30],
which states that EMS interaction has increased patient
survival. They said that this system would not reduce
their independence and freedom of action, do not inter-
fere with their work, and would not increase the feeling of
tiredness at the end of their mission, but would increase
their sense of satisfaction. In addition, this system does
not increase their job security feel, and the responsibility
for the patient’s treatment is limited to them. In general,
this system has affected the workflow of medical emer-
gency technicians. Considering that this system provides
better service to the patient and improves their com-
munication with other personnel, this system has been
shown to give them satisfaction during work and, ulti-
mately, to have a positive impact.

The overall results indicate the impact of this system
on the workflow of triage doctors and nurses, and medi-
cal emergency technicians. All three groups of users
announced that the system still has problems, includ-
ing the lack of proper infrastructure for sending and
receiving patient information, such as the use of Irancell
internet operator, problems with triage form items and
uselessness of some of them, fear of legal responsibil-
ity while happening an error and legal lack of legality in
court in the event of a patient’s complaint, lack of proper
feedback from the patient and his companions due to
lack of people’s culture, worry about missing or leaving
mobile phone that lowers the quality of the mission, the
small size of mobile completion of the items will disrupt
the triage form and the absence of this system in nongov-
ernmental hospitals to send information indicates that it
causes a problem to send information to other hospitals
and the paper triage form should be completed for them.

This study had three limitations. First, we used three-
level Likert scale questions in this investigation, which
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may result in subjective responses and may seem simplis-
tic. However, this was the first study evaluating the effect
of the EMS in Iran. Future studies can use more robust or
objective methods for this investigation. Second, in this
study, we measured the effect of EMS on user’s workflow
and safety of patients transporting to a hospital. Since,
the EMS automation system was designed to assist in
both prehospital and inter-facility transportation; the
possibility of applying the findings of this study to inter-
facility transportations would be limited. However, at
the time of this study, the three teaching hospitals affili-
ated to Kerman University of Medical Sciences were the
only hospitals in Iran that were equipped with the EMS.
Therefore, after the implementation of this system in
other hospitals in the country, future studies can be done
on more centers. Third, Some essential patient-related
variables for example, triage levels and patient conditions
at the emergency department which should have direct
impacts to the duration of patients stay in the hospital,
had to be considered to evaluate the effect on patient
care process and user workflow. Because these variables
were not defined in the HIS of the studied hospitals, we
could not consider them in our study. If these variables
are defined in the HIS, future studies can also focus on
the effect of these variables on patient care process and
user workflow. To our knowledge, no study has looked at
the impact of the EMS automation system on patient care
process and the workflow of users at the same time. In
addition, in this study, the influence of this system on the
workflow of all involved user, is examined separately.

Conclusions
The findings of the study showed that the EMS automa-
tion system, in general, increased the speed of patient
service, the readiness of users to provide patient care,
the number of patients discharged and improve the
outcome of the patient’s treatment. On the other hand,
it has reduced the patient’s stay in the hospital and the
mortality rate, indicating which reflects the realization of
the goal of creating the system that provides better and
more service to the patient. With regard to the positive
effects that the EMS automation system has on the user’s
workflow and patient care process, it is anticipated that
if the problems are solved, the patient’s recovery will be
improved and their mortality will be reduced. Also, by
solving the problems of users, increase their sense of sat-
isfaction, and the goal of creating this system is to deliver
better and more service to the patient will be realized.
The results of this study can be used by the officials of the
Ministry of Health and Medical Education and Incident
Management and Medical Emergencies Centers to plan,
apply and solve the problems and improve the performance
of the EMS automation system in order to improve the
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patient care process and reduce the negative factors affect-
ing the workflow of triage physicians and nurses and emer-
gency medical technicians.

It is recommended that the researchers interested in this
field modify the questions of the triage form to apply it
to the opinion of physicians to examine the impact of the
EMS automation system on improving patient’s health and
reducing mortality. It also examines the effect of chang-
ing triage form questions on the workflow of users of this
system.

Abbreviations
EMS: Emergency medical services; HIS: Hospital information system.

Acknowledgements

Sincere appreciation and honors to the head the teaching hospitals affiliated
to Kerman University of Medical Sciences and the Kerman Medical Accident
and Emergency Management Center, the triage physicians and nurses and the
medical emergency technicians who contributed to this study.

Authors’ contributions

R.K.and FA. Contributed to the conception and design of the study, acquisi-
tion and interpretation of the data, and drafting the paper.Y.J. was primarily
responsible for the statistical analysis of the data. F.B. also contributed to the
revision of the manuscript and finalized it. All 4 authors read and approved the
final version of the article submitted.

Funding
No funding was obtained for this study.

Availability of data and materials
The data generated and analyzed during this study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was confirmed by the ethics committee of Kerman University

of Medical Sciences (ethics code: IRKMU.REC.1396.1502). In this study, all
methods were performed in accordance with the relevant guidelines and
regulations. In the use of received reports, the confidentiality of the informa-
tion collected about patients was preserved. Explaining the purpose of the
research to users and satisfaction verbally voluntary consciously was obtained
from participants. The questionnaire was completed without name and with
the confidentiality of the information about the participants, and they were
guaranteed to no unethical use of the information.

Consent for publication
Not applicable.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Author details

'Department of Health Information Sciences, Faculty of Management

and Medical Information Sciences, Kerman University of Medical Sciences, Ker-
man, Iran. 2Modeling in Health Research Center, Institute for Futures Studies

in Health, Kerman University of Medical Sciences, Kerman, Iran.

Received: 17 June 2021 Accepted: 17 October 2021
Published online: 25 October 2021

Page 10 of 11

References

1. Dean J,Vernon D, Cook L, Nechodom P, Reading J, Suruda A. Probabilistic
linkage of computerized ambulance and inpatient hospital discharge
records: a potential tool for evaluation of emergency medical services.
Ann Emerg Med. 2001,37(6):616-26.

2. LuizT. Emergency medicine tomorrow. Anasthesiol Intensivmed Notfall-
medizin Schmerzther AINS. 2003;38(4):296-302.

3. Marx J, Hockberger R, Walls R. Rosen’s emergency medicine: concepts
and clinical practice. 5th ed. Philadelphia: Elsevier; 2013.

4. Kalantari Meybodi M, Alamdari SH, Mohamadi P, Karimian H. Study of the
demography of transferred patients to Tehran Imam Khomeini hospital
by relief helicopter. Sci J Rescue Relief. 2010;1(4):48-52.

5. USA.EMS System Act of 1973. In: USA 93th Congress Public Law. 1973.
https://www.cengage.com/resource_uploads/downloads/1435480279_
241560.pdf. Accessed 1 Apr 2021.

6.  Lilja GP, Swor RA. Emergency medical services. In: Tintinalli JE, Kelen GD,
Stapczynski JS, editors. Emergency medicine a comprehencive study
guide. New York: McGraw-Hill; 2004. p. 1-6.

7. Walker R, Auerbach P, Kelley B, Gongal R, Amsalem D, Mahadevan S.
Implementing an emergency medical services system in Kathmandu,
Nepal: a model for “white coat diplomacy."Wilderness Environ Med.
2014,25(3):311-8.

8. Dave PK. Emergency medical services department planning and man-
agement. In: Shakti G, Parmar NK, Kant S, editors. Emergency medical
services and disaster management, a holistic approach. Jabalpur: Lorson;
2001. p. 19-27.

9. Foo C, Ahghari M, MacDonald R. Use of geographic information systems
to determine new helipad locations and improve timely response while
mitigating risk of helicopter emergency medical services operations.
Prehospital Emerg Care. 2010;14(4):461-8.

10. Khoram Nia S, Soltani S, Shirzad H, Ashore Moghadam S, Naderi Far M.
Basic medical emergency prehospital. 2005;3-11.

11. FaresS, Zubaid M, Al-Mahmeed W, Ciottone G, Sayah A, Al Suwaidi J, et al.
Utilization of emergency medical services by patients with acute coro-
nary syndromes in the Arab Gulf States. J Emerg Med. 2011;41(3):310-6.

12. Su'S, Shih C-L. Modeling an emergency medical services system using
computer simulation. Int J Med Inform. 2003;72(1):57-72.

13. Ferguson JD, Brady WJ, Perron AD, Kielar ND, Benner JP, Currance SB, et al.
The prehospital 12-lead electrocardiogram: impact on management of
the out-of-hospital acute coronary syndrome patient. Am J Emerg Med.
2003;21(2):136-42.

14. Meyer KA, Decker K, Mervis CA, Louder D, Bradshaw J, DeVader S, et al.
Emergency medical services data for cardiovascular disease surveil-
lance, program planning, and evaluation in Maine. Prev Chronic Dis.
2008;5(2):54-60.

15. Walderhaug S, Meland P, Mikalsen M, Sagen T, Brevik J. Evacuation sup-
port system for improved medical documentation and information flow
in the field. Int J Med Informat. 2008:77(2):137-51.

16.  Atkinson WK. Overview of emergency medical services in North Carolina.
N C Med J. 2007,68(4):233-8.

17. Mears G, Ornato JP, Dawson DE. Emergency medical services information
systems and a future EMS national database. Prehospital Emerg Care.
2002;6(1):123-30.

18. Reddy MC, Paul SA, Abraham J, McNeese M, DeFlitch C, Yen J. Challenges
to effective crisis management: using information and communication
technologies to coordinate emergency medical services and emergency
department teams. Int J Med Informat. 2009;78(4):259-69.

19. Landman AB, Lee CH, Sasson C, Van Gelder CM, Curry LA. Prehospital
electronic patient care report systems: early experiences from emergency
medical services agency leaders. PLoS ONE. 2012;7(3):e32692.

20. Kahn C. Commentary: making a difference in emergency medical ser-
vices. Ann Emerg Med. 2011,57(2):169-71.

21. Yamada KC, Inoue S, Sakamoto Y. An effective support system of emer-
gency medical services with tablet computers. JMIR Mhealth Uhealth.
2015;3(1):1-23.

22. Nimmolrat A, Sutham K, Thinnukool O. Patient triage system for support-
ing the operation of dispatch centres and rescue teams. BMC Med Inform
Decis Mak. 2021. https://doi.org/10.1186/512911-021-01440-x.

23. Sutham K, Khuwuthyakorn P, Thinnukool O. Thailand medical mobile
application for patients triage base on criteria based dispatch


https://www.cengage.com/resource_uploads/downloads/1435480279_241560.pdf
https://www.cengage.com/resource_uploads/downloads/1435480279_241560.pdf
https://doi.org/10.1186/s12911-021-01440-x

Afzali et al. BMC Med Inform Decis Mak

24.

25.

26.

27.

28.

29.

(2021) 21:292

protocol. BMC Med Inform Decis Mak. 2020. https://doi.org/10.1186/
$12911-020-1075-6.

Cunningham CA, Wesley K, Peterson TD, Alcorta R, Kupas DF, Nelson JA,
et al. The role of state medical direction in the comprehensive emer-
gency medical services system: a resource document. Prehospital Emerg
Care. 2010;14(3):404-11.

Mears GD, Pratt D, Glickman SW, Brice JH, Glickman LT, Cabafas JG, et al.
The North Carolina EMS data system: a comprehensive integrated emer-
gency medical services quality improvement program. Prehospital Emerg
Care. 2010;14(1):85-94.

Islam AKMN. Investigating users’ post-adoptive satisfaction and dissatis-
faction toward an information system. In: AMCIS. 2011. http://aisel.aisnet.
org/amcis2011_submissions/9. Accessed 1 Apr 2021.

Wong B, Arjpru C. A study of how user satisfaction and user dissatisfac-
tion affect the success of an information system. ACIS. 2007;18:800-12.
Langabeer JR, Prasad S, Seo M, Smith DT, Segrest W, Owan T, et al.

The effect of interhospital transfers, emergency medical services, and
distance on ischemic time in a rural ST-elevation myocardial infarction
system of care. Am J Emerg Med. 2015;33(7):913-6.

Thelen S, Czaplik M, Meisen P, Schilberg D, Jeschke S. Using off-the-shelf
medical devices for biomedical signal monitoring in a telemedicine

30.

31

32.

33.

Page 11 of 11

system for emergency medical services. IEEE J Biomed Health Inform.
2015. https://doi.org/10.1007/978-3-319-42620-4_61.

Langabeer JR, DelliFraine J, Fowler R, Jollis JG, Stuart L, Segrest W,

et al. Emergency medical services as a strategy for improving ST-
elevation myocardial infarction system treatment times. J Emerg Med.
2014,46(3):355-62.

Bahadori MK. Prioritization of determinants influencing preparedness
of Iranian pre-hospital emergency services. Iran J Crit Care Nurs (JCCN).
2011;4(2):73-8.

Roth SG, Moore CD. Work-family fit: the impact of emergency

medical services work on the family system. Prehospital Emerg Care.
2009;13(4):462-8.

Saberi Nia A, Nekouei Moghadam M, Mahmoudi MF. Identify stressful
factors causing dissatisfaction in pre-Hospital emergency personnel in
Kerman. Payavard Salamat. 2013;6(6):489-97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12911-020-1075-6
https://doi.org/10.1186/s12911-020-1075-6
http://aisel.aisnet.org/amcis2011_submissions/9
http://aisel.aisnet.org/amcis2011_submissions/9
https://doi.org/10.1007/978-3-319-42620-4_61

	The impact of the emergency medical services (EMS) automation system on patient care process and user workflow
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	System and setting
	Study population
	Data collection tools and methods
	Data analysis

	Results
	Analysis of the impact of EMS automation system on patient care process
	Analysis the impact of EMS automation system on user workflow
	Analysis of questionnaires questions

	Discussions
	Principal finding

	Conclusions
	Acknowledgements
	References


