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Abstract

Background: The investigation of trauma-related mortality is one of the key components in trauma studies and it is used as a performance index
and measure of health care quality.

Objectives: The present study aimed to evaluate the performance of pre-hospital interventions and identify possible mismanagements in dealing
with trauma patients transferred by emergency medical services (EMS) to the hospital and died.

Methods: This study was conducted in 2019, in Tehran, Iran. All trauma patients who were transferred to the emergency department (ED) of three
main referral hospitals, by Tehran EMS and died at the hospital within 24 hours of admission, were studied retrospectively. The required
information was collected from the EMS and the hospital records. A panel of experts was asked to identify possible errors based on standards for
each patient.

Results: During the one-year study period, almost 14000 trauma patients were transported by Tehran EMS to the studied hospitals. Of them, a
total of 197 deaths were recorded. The most and least provided services were breathing management (87.3%) and intravenous (IV) fluid therapy
(12.2%), respectively. Needle thoracostomy, IV fluids therapy, life supports (basic and advanced cardiac), and airway management had the highest
percentage of mismanagement among provided services. Bleeding control and resuscitation were consistent with the recommended standard.
Conclusion: In the current study, bleeding control and immobilization was performed appropriately. Needle tracheostomy was not performed at

all. Airway management and life supports of the victims were not performed properly.

Keywords: Advanced Trauma Life Support Care, Emergency Medical Services, Death, Management Audit, Multiple Trauma.

Introduction

Trauma is one of the leading causes of mortality in the
world, accounting for over five million deaths globally each
year that most occur in young people. As a result, it causes a
significant loss of productivity and serious social and
economic damage to the family and society.’” The
investigation of trauma-related mortality is one of the key
components in trauma studies and it is used as a performance
index and measure of health care quality.® Statistical
systems are often used to record the causes of trauma-related
mortality and its changes over time, so trauma registry
systems have been established in many countries in this
regard.*” However, most of these systems focus on in-
hospital care and have generally overlooked the valuable

information of the pre-hospital phase.®** Although the pre-

hospital emergency system in some countries are still used
solely for the transfer of patients to medical centers. While in
most parts of the world, numerous care at different levels are
provided to trauma patients in the pre-hospital phase.'® It is
expected that as care becomes more accurate and faster in
this phase, the rates of mortality and disability resulting from
accidents are decreased.'"® However, the lack of practical
data on the effectiveness of pre-hospital trauma
interventions remains a serious problem and it seems
necessary to evaluate the pre-hospital processes of traumatic
patients’ management based on standards."*'¢ In Iran, as in
many countries, emergency medical services (EMS) is
responsible for providing pre-hospital services to traumatic
patients, and emergency medical technicians (EMTs)

provide basic and advanced services at various levels for such
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patients. In spite of all these actions, some patients die before
or after reaching the hospital, which may be preventable in
some instances and can be instructive in assessing the process
of dealing with them. Despite of some published research on
this topic in some parts of the world, to the best of our
knowledge, no studies have been conducted on this issue in

Iran.!7!®

Therefore, this study aimed to evaluate the
performance of pre-hospital interventions and identify
possible mismanagement cases in traumatic patients who
were transferred by Tehran EMS to the hospital and died

there.

Materials and Methods
Study setting

This audit was conducted during the year 2019 in Tehran,
Iran. Census sampling was carried out retrospectively. All
trauma patients who were transferred to the emergency
department (ED) of Rasoul Akram, Haft-e-Tir and Firoozgar
hospitals, Tehran, Iran by Tehran EMS from 1-1-2019 until
31-12-2019 and died after admission in the hospital, were
studied. At scene deaths (those who not referred to the
hospital) and cases with incomplete information were

excluded from the study.

Data collection

A researcher-made checklist was used to gather the needed
data. The required information was collected by reviewing
the data available in both EMS and the hospital records of the
patients. Pre-hospital data includes primary vital signs
recorded at the scene and secondary vital signs if repeated,
time of call with EMS dispatch, the arrival time of EMTs at
the scene, time of leaving the scene by EMTs, arrival time of
EMTs at the hospital, services provided by EMTs during the
transfer, and results of the scene assessment. The services
provided in the pre-hospital setting by EMT were categorized
into airway management (basic and advanced), breathing
management (oxygen therapy and ventilator-assisted or bag-
valve-mask breathing), intravenous (IV) fluid therapy (the
type of fluid used and its amount), bleeding control (direct
pressure, compression bandage, and tourniquet),
immobilization (head and neck immobilizing by a collar or
hand, spine immobilization with immobilizing devices such
as long backboard or Kendrick extrication device (KED), and
limb immobilization), life supports (basic and advanced

cardiac), and needle thoracostomy. Hospital data included

vital signs recorded on the admission to the ED, diagnostic
processes performed and results of clinical and paraclinical
tests.  The  Mechanism-GCS-Age-Arterial
(MGAP) score was also calculated according to the

Pressure

information recorded at the scene.

Definition

MGAP score was validated by Sartorius et al."” in 2010 as a
simple prehospital triage score to predict the in-hospital
mortality of trauma patients. Table-1 shows the details of
MGAP score calculation in which based on this scoring
system, patients receive a score between 3 and 29, and those
with 3-17, 18-22 and 23-29 are categorized as high risk
(>50%), medium risk (5-50%) and low risk (<5%),

respectively.

Table-1. The details of MGAP score calculation

Variable Score
Mechanism of injury (Blunt trauma vs. Penetrating +4
trauma)

Glasgow coma scale 3-15
Age <60 years +5
Systolic blood pressure >120mmHg +5
Systolic blood pressure 60-120mmHg +3
Systolic blood pressure <60mmHg 0

Evaluating EMS management in dealing with traumatic
patients

For this purpose, a panel of experts consisting of three
emergency medicine specialists, one anesthesiologist, and
two experienced EMTs was formed, while none of them were
involved in providing patient care services. Based on
“Guidelines for trauma quality improvement programs”°
and the standards presented in the book entitled “PHTLS:
Prehospital Trauma Life Support”,?* appropriate indicators
of trauma patients management in the pre-hospital phase
were extracted by the investigators.”??* In the panel’s first
session, the evaluation indicators were discussed and divided
into two groups: “the errors related to time” and
“management and performed intervention errors”. In the
following five sessions, all the registered information of the
enrolled patients (vital signs, hospital diagnostic processes,
and results of clinical and paraclinical tests) were provided to
the panel members, and they were asked to identify possible
errors for each patient. After reviewing the pre-hospital and

hospital records of the case by the panel members, and
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comparing the services performed with the standards, the
deficiencies were identified in two formats including the
cases who have not received the required services and are
placed in the not-performed layer, and the cases who have
received the service inadequately or incompletely and are

placed in the inappropriate layer.

Data analysis

The recorded data were analyzed using IBM SPSS Statistics
V21.0, at the 0.05 confidence interval. The percentage and
mean were used for the expression of descriptive date.
Moreover, for the inferential parts, the Chi-square and Fisher
exact tests were used to determine the relationship between

the variables.

anatomical location of the trauma, spine had the highest
frequency (57.4%). Based on the data recorded at the scene,
the severity of trauma was calculated based on the MGAP
score, and the high-risk group with 94 cases (47.8%) had the
highest frequency.

Findings of the variable of vital signs in the pre-hospital
phase and on admission to the ED are reported in Table-3.
According to the findings, the mean of pulse rate and level of
consciousness of the patients in the pre-hospital phase were
significantly different from that of the time of admission in
the ED.

Table-2. Baseline characteristics of study patients

Variable Number (%)
Sex
Ethical consideration Male 171 (86.8)
Anonymous information was used to commit the Female 26 (13.2)
confidentiality principle at all stages of this study. Required Type Trauma
permission was obtained from the Ethics Committee of Iran Motor vehicle collisions 152 (77.2)
University of Medical Sciences (Code: Not Accident 45 (22.8)
IR.IUMS.REC.1397.955) and Tehran EMS center. Anatomy
Head and neck 45 (22.8)
Results Spine 113 (57.4)
During the one-year study period, almost 13982 trauma Chest 2 46)
Abdomen 4(2.0)
patients were transported by Tehran EMS to the ED of the -
Upper limbs 10 (5.1)
three studied hospitals. Of them, a total of 197 deaths were -
Lower limbs 19 (9.6)
recorded. The mean age of the subjects was 45.15 years with Pelvic 6(3.0)
a standard deviation of 21.27. Table-2 presents the baseline MGAP score
information of the patients. According to the results, most of High 94 (47.8)
the cases (86.8%) were male. Regarding the types of trauma, Moderate 84 (42.6)
motor-vehicle-collisions (MVCs) with 152 (77.2%) cases Low 19 (9.6)
were more common than other causes. Regarding the
Table-3. The mean+SD of patients’ vital sign in prehospital and hospital phase
Vital sign Pre hospital Hospital P-value
mean S.D mean S.D
Pulse rate 88.69 20.33 81.8 23.43 0.01
Respiratory rate 16.76 5.15 16.82 5.21 0.41
Systolic blood pressure 108.75 22.04 107.89 293 0.75
Diastolic blood pressure 70.85 12.65 69.4 18.3 0.45
Glasgow coma scale 10.12 4.56 5.93 3.47 <0.001

Table-4 presents the services provided by EMTs and
detected mismanagement. Overall, the most and least
services provided by the EMT's were breathing management
(87.3%) and IV fluid therapy (12.2%), respectively. Needle

thoracostomy, although required, was not performed at all.
Needle thoracostomy and intravenous fluid therapy in the
not-performed layer, and also life supports and airway

management in the inappropriate layer, had the highest
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percentage of errors among services provided by the EMTs
in dealing with the studied trauma patients. On the other
hand, bleeding control, immobilization and breathing
management were the most appropriate provided services,
which were consistent with the standards.

The duration from call time to the arrival time at the
patient’s location (response time) in 26 critical cases (13.2%)
and the duration from arrival time at the scene to leaving the
scene time (scene time) in 22 critical cases (11.2%) were more
than 10 min, and the duration from the call time to delivering
the patient to the hospital time (total time) was more than 1
hour in 25 cases (12.7%). Response time in noncritical cases
was more than 20 min in 19 cases (9.6%). Table-5 shows the

relationship between the inappropriate taken interventions

with the MGAP score of the study patients. According to the
results, the inappropriateness of interventions according to
the MGAP score was different. This differences was more
observed in the airway and breathing control, IV fluid
therapy, which the response time and scene time in critical
cases were more than 10 min (p<0.05). Most of them were
found in the high-risk group: Twenty-one out of 30 (70%)
cases of inappropriate IV fluid therapy, 16 out of total 25
(64.0%) cases of inappropriate breathing management were
in the high-risk group. Twenty out of 33 (60.6%) cases of
airway management were also included. Twenty-one out of
26 (80.8%) critical cases for response time more than 10 min
and 18 out of 22 (81.8%) critical cases were scene time more

than 10 min.

Table-4. Frequency of management and mismanagement performed by EMTs dealing with study trauma patients

Intervention Performed Not-performed Total required
Appropriate Inappropriate
Number (%)

Airway management 52 (61.2) 17 (20.0) 16 (18.8) 85 (100.0)
Breathing management 153 (85.9) 19 (10.7) 6(3.4) 178 (100.0)
External bleeding control 107 (97.3) 0(0.0) 3(2.7) 110 (100.0)
Intravenous fluid therapy 19 (35.2) 5(9.3) 30 (55.5) 54 (100.0)
Immobilization 161 (92.0) 10 (5.7) 4(2.3) 175 (100.0)
Cardiopulmonary resuscitation 30 (73.2) 11 (26.8) 0(0.0) 41 (100.0)
Needle thoracostomy 0(0.0) 0(0.0) 9 (100.0) 9 (100.0)

Discussion

In the present study, among the 197 cases of trauma-related
deaths registered in hospitals that their pre-hospital
procedures were reviewed by an expert panel, 68 required
interventions were not performed, and 62 required
interventions were performed inappropriately. Most failures
were related to essential interventions in IV fluid therapy and
airway control, respectively. The most inappropriate
performance was related to the essential interventions in
breathing and airway control, respectively. In contrast, it is
worth noting that most of the necessary interventions in
controlling external bleeding and immobilization were
appropriately conducted.

Previous studies have shown that most errors in dealing
with preventable trauma death in the pre-hospital phase are
primarily attributed to delayed treatment, followed by
management and medication errors.”® In this study,
according to the defined standards, 13.2% of the response

time and 11.2% of the scene time, and 12.7% of the total time

in critical cases had a delay. However, the role of time should
be examined from several aspects because interventions are
generally time-consuming and may inevitably be interpreted
as “delays”. In contrast, rushing to the hospital for injuries
may be accompanied by a failure to perform or impair pre-
hospital care.

Airway and breathing management are among the most
common errors reported in trauma patients. According to
the previous studies, 66-85% of the preventable deaths are
caused by airway obstruction, which may be prevented by
interventions in pre-hospital care.?® In our study, there were
medication errors in the airway management of 33 cases
(16.75%). Although basic airway interventions such as
maneuvers and bag-valve-mask with oxygen therapy are
often performed for most patients with airway disorders, in
some patients, basic interventions may be inadequate, and
hence the advanced airway management is necessary before

being transferred to another hospital.?”?
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Table 5. The relationship between the inappropriate interventions taken with the MGAP score

Intervention inappropriateness MGAP score Total P value
High Moderate Low

Airway management Yes 20 (60.6) 10 (30.3) 3(9.1) 33 0.24
No 74 (45.1) 74 (45.1) 16 (9.8) 164

Breathing management Yes 16 (64.0) 7 (28.0) 2(8.0) 25 0.21
No 78 (45.3) 77 (44.8) 17 (9.9) 172

Intravenous fluid Yes 23 (65.7) 8(22.9) 4(11.4) 35 0.031
No 71 (43.8) 76 (46.9) 15 (9.3) 162

External bleeding Yes 2 (66.7) 0(0.0) 1(33.3) 3 0.14*
No 92 (47.4) 84 (43.3) 18 (9.3) 194

Immobilization Yes 6(42.9) 7 (50.0) 1(7.1) 14 0.83
No 88 (48.1) 77 (42.1) 18 (9.8) 183

Cardiopulmonary resuscitation Yes 9 (81.8) 1(9.1) 1(9.1) 11 0.042*
No 85 (45.7) 83 (44.6) 18 (9.7) 186

Needle thoracostomy Yes 6 (66.7) 3 (33.3) 0 (0.0) 9 0.52*
No 88 (46.8) 81 (43.0) 19 (10.2) 188

Response time in critical cases > 10 min Yes 21 (80.8) 2(7.7) 3(11.5) 26 <0.001
No 73 (42.7) 82 (48.0) 16 (9.3) 171

Response time in non-critical cases > 20 min ~ Yes 8 (42.1) 9(47.4) 2 (10.5) 19 0.87
No 86 (48.3) 75 (42.1) 17 (9.6) 178

Scene time in critical cases > 10 min Yes 18 (81.8) 4(18.2) 0 (0.0) 22 0.003
No 76 (43.4) 80 (45.7) 19 (10.9) 175

Total time > 60 min Yes 8(32.0) 14 (56.0) 3(12.0) 25 0.24
No 86 (50.0) 70 (40.7) 16 (9.3) 172

* Exact Fisher test

Inappropriate IV fluid therapy is one of the major errors in
the pre-hospital phase of dealing with traumatic patients,
which was observed in 17.76% of cases in the current study.
Making decisions in the pre-hospital setting is crucial for IV
fluid therapy. In hypotensive traumatic victims, IV fluid
administration in the pre-hospital phase has been associated
with the reduced probability of shock in ED, and IV fluid is
recommended to maintain a patient's blood pressure of

23,24,29-31

approximately 80 mmHg. Moreover, bleeding control

is one of the most common errors in pre-hospital care of

trauma patients.?*

This error was only observed in 2.7% of
the studied cases in the present study (it was not done only in
3 cases), and the EMT prioritizes patient transfer to the
hospital, and due to the limited number of technicians,
airway management was preferred.

In order to improve the quality of trauma care, it is essential
to investigate clinical errors in dealing with injuries. Because
these experiences can distinguish preventable deaths and
decrease mortality rates in future similar cases.?*** In this

regard, in the current study, we tried to take action on these

issues. Our study showed that the quality of pre-hospital
emergency services in dealing with trauma cases varied in
different aspects. Basic interventions to manage traumatic
injuries such as bleeding control and immobilization were
appropriately performed in the pre-hospital setting.
However, in some cases requiring more advanced
interventions such as needle tracheostomy or airway
management of a traumatic patient (which is often difficult),
the interventions were inappropriate, and hence advanced
skill training is necessary. One of the reasons for not doing
advanced interventions may be legal issues. In some
ambulances, the absence of a paramedic and EMT-
Intermediate technician is an obstacle to perform advanced
interventions, such as endotracheal intubation or finding the
central venous line for IV fluid therapy in a patient with a
shock that finding peripheral veins is impossible. On the
other hand, the association of error with high-risk patients
indicates that the greater number of required interventions
and the more severe injury can result in a higher rate of

errors. Another reason may be attributed to the limited
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number of ambulance staff that missions are carried out by
two EMTs, and hence performing all interventions is
impossible. Therefore, the EMTSs have to prioritize and select.
It is expected that the results of this study be useful in
solving the existing problems by the relevant organization. In
this regard, it is better to classify the mismanagements. In our
point of view, there were two distinct categories of
mismanagements including those who need advanced
interventions that EMT's were not trained for them; so proper
workshop or training course are required to be considered
for this purpose. The other category of mismanagements is
related to carelessness and individual mistakes. In these
cases, the relevant EMT must be called for obtaining
additional explanations, and his mistakes should be noted.
Some previous studies have distinguished preventable
deaths based on the findings of panel experts and autopsy
results. Therefore, it seems that the lack of autopsy results is
one of the limitations mentioned in the present study. Also,
our study did not investigate the out-of-hospital trauma-
related deaths due to the inaccessibility of relevant
information. Given that the study design was retrospective
and based on registered data, there was the likelihood of
missing data. Those items that had not been recorded were
considered as no intervention. The provided emergency care,
the total number of transferred traumatic patients, and the
mortality rate in each hospital were not assessed separately in
the current study, which could be an important confiding

factor.

Conclusions

In the current study, bleeding control and immobilization
were performed appropriately. In contrast, the procedure of
needle tracheostomy was not performed at all, and
interventions related to the airway management and life
supports of the victims were not performed properly. IV fluid

therapy was the most not-performed required intervention.
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