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Abstract

Background: Triage of trauma patients is particularly important. Correct triage can reduce the rate of mortality and prevent dis-
ability in trauma patients.

Objectives: The current study aimed at comparing the frequency of miss triage using the two methods namely emergency severity
index (ESI) and shock index, in patients with abdominal trauma.

Methods: Trauma patients referring to Shahid Rajaee hospital, were included as the study population. A census survey was con-
ducted for three months. Data were collected by a demographic questionnaire, a five-level triage system checklist, and triage form
based on the shock index. Content validity of the questionnaire was confirmed by experts and Patients were simultaneously eval-
uated by both ESI and shock index methods. The triage level in each method was compared with the triage level approved by an
emergency clinician. Data were analyzed with SPSS version 18.

Results: Based on ESJ, 6.3% of patients were under-triaged and 2.7% over-triaged; but based on the shock index, 36.2% of the patients
were under-triaged and 19.2% over-triaged. There was a positive correlation between each of the two methods and the final score of
triage. Moreover, the correlation coefficient of the final score in the five-level triage system was higher than that of the shock index
(r=0.834vs.r=0.162).

Conclusions: According to the results, the shock index can be used as an auxiliary tool in the triage of traumatic patients in emer-

gency departments.
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1. Background

Trauma is one of the major health problems in the
world. It is the most common cause of mortality and dis-
ability in people aged 1to 40 years. Additionally, trauma is
the third cause of death among all age groups, which im-
poses a substantial financial burden on the health system
annually (1, 2). In Iran, trauma is the second leading cause
of death among young people and occurs mostly due to
trafficaccidents (3). Nearly 20% of traumas occur in the ab-
dominal region (4). Abdominal trauma refers to any type
of penetrating and non-penetrating injury or trauma in
the abdominal region, which can damage organs within
the abdominal cavity; the signs of abdominal trauma are
pain, tenderness, stiffness, and bruising of the abdominal
surface. There is also associated with the risk of blood-
ing and internal infection (1-5). The mortality rate of non-

penetrating abdominal trauma is higher than that of pen-
etrating trauma; car accidents are the cause of more than
60% of this type of trauma (5). The most common causes
of death in abdominal trauma include hypovolemic shock,
multiple organ failure, sepsis, and pulmonary embolism
(6). This type of trauma has a low mortality rate compared
with chest and head traumas (7).

Triage of traumatic patients is particularly important.
Various triage systems are used across the world includ-
ing experience-based triage, hospital and pre-hospital sys-
tems, as well as three, four, and five-level triage systems,
of which the five-level system of ESI is the most commonly
used system in emergency departments in most countries
(8,9). This system was developed in the United Statesin late
1990 by two emergency clinicians, David Eitel and Richard
Wuerz (10). In this type of triage, patients are put into five
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categories (ranging from immediate to delayed priority)
according to the severity of health conditions and illness.
The person in charge of triage prioritizes patients with un-
stable vital signs at level 1; critically ill patients with stable
vital signs at level 2; patients requiring para-clinic and ra-
diographic measures at levels 3 and 4; and patients who
can be treated in outpatient settings at level 5 (8).

While correct triage can be useful to determine the
treatment modality for patients, and facilitate medical
status and admission processes for them, inappropriate
triage may cause waste of resources, delay in treatment,
dissatisfaction, and adverse outcomes (11). Triage error can
occur in two forms - under-triage, which considers the pa-
tient a level lower than the exact level and causes delay in
receiving timely treatment that may worsen the patient’s
conditions; or over-triage, which considers the patient a
level higher than the original level and may limit the ac-
cess of other patients requiring urgent measures (12). The
results of a study by Holst et al., showed that nearly half of
the traumatic patients across the United States (5.44%) and
one-third of the patients traumatized in urban areas of the
USA died from under-triage measures in non-specialized
trauma centers (13). However, this rate varies 34% - 69% in
different studies (14, 15). According to Grossman et al., the
main cause of miss triage is inappropriate interpretation
of vital signs and lack of proper understanding of high-risk
situations (16).

Correct triage can reduce the mortality rate and pre-
vent disability in traumatic patients. With regard to this,
application of specific indicators can be useful to predict
the severity of injuries, and determine the critical and gen-
eral health condition of patients. Such indicators are in-
volved in determining the care plan and reducing the mor-
tality rate (17). One of these indicators is the shock index,
first used in 1967; it is a good measure to estimate hypov-
olemia and occult hemorrhages in emergency situations
(18). This index is measured by dividing heart rate to sys-
tolic blood pressure. In healthy subjects, it has a normal
value of 0.5 - 0.7. This index increases in bleedings and
circulatory failures; therefore, it can be used for the early
detection of acute hypovolemia. It can also be applied as
a mean to determine the severity of injuries and deteri-
oration in the general health condition of patients with
trauma, heart attack, or sepsis (19, 20).

An increase in value of the shock index indicates an in-
crease in blood loss, showing a direct correlation between
thisindexand the volume of blood in the abdomen of trau-
matic patients (18). The results of a study by Allgower and
Burrishowed thatan increase in this indexis a good predic-
tor for poor outcomes and increased need for care support;
40% death occur in patients with an index shock above 1

(21).

In Iran, since mid-2006, five-level triage on the basis
of ESI was considered by the health system. In the spring
of 2011, all hospital units were required by the Ministry
of Health to implement the triage system instructions (8).
However, the shock index is not used as an indicator for
triage. Although the author found some studies on the as-
sociation of shock index with mortality rate in traumatic
patients (18-22) and its relationship with sepsis in patients
with emergency conditions (23), none of these studies used
the shock index as a triage tool.

2. Objectives

The current study aimed at comparing the frequency
of miss triage using ESI and shock index in patients with
abdominal trauma at the emergency department of a hos-
pital in Shiraz, Iran.

3. Methods

In the current descriptive correlational study, the
study population included patients with abdominal
trauma referred to Shahid Rajai hospital affiliated to Shi-
raz University of Medical Sciences. Samples were selected
using the census method. The inclusion criteria consisted
of patients above 18 years old, patients with abdominal
trauma (penetrating and non-penetrating types), moder-
ate to severe trauma requiring admission and monitoring,
and no history of hypertension. The exclusion criteria
were mild and superficial trauma that does not require
admission based on physical examinations.

Data collection tools included a demographic infor-
mation questionnaire (comprising age, gender, type of
trauma, cause of trauma, etc.), five-level triage checklist,
and triage form based on the shock index. Content valid-
ity of the forms was confirmed by experts. Reliability of
the forms was assessed using the inter-observer reliability
method and the reliability coefficient was 0.81.

For this purpose, patients with abdominal trauma who
referred to the medical center were examined by a nurse
in-charge based on the five-level triage system (requiring
life-saving action at level 1; high-risk conditions like confu-
sion, drowsiness, navigation impairment, and vital signs
in high-risk range at level 2; requiring more than one fa-
cility at level 3; requiring one facility at level 4; and requir-
ing no facilities at level 5). At the same time, patients were
evaluated by the author based on the shock index (shock
index 0.5 - 0.7 as level three; 0.71 - 0.9 level 2; and > 0.91
level 1). Thereafter, patients in the emergency department
were evaluated by an emergency clinician and the level of
triage was determined. When the diagnosis need to be
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completed by a physician, the case was considered under-
triage. When the diagnosis can be done by a triage nurse,
the case was considered over-triage. The comparison was
also made between the author evaluations (based on the
shock index) and that of the emergency clinician.

The protocol of the study was approved by the ethics
committee of the bioethics research of Rafsanjan Univer-
sity of Medical Sciences (IR.RUMS.REC.1395.118). The study
objectives were explained to patients as well as emergency
staff; all information kept confidential. Additionally, eth-
ical considerations such as no intervention in the triage
process and performing triage with two methods simul-
taneously were observed during the study. Sampling was
conducted for three months. Data were analyzed with SPSS
version 18 using descriptive statistics (mean and standard
deviation, number and percentage) and analytical statis-
tics (Spearman correlation coefficient). Miss triage was
calculated based on the difference between the scores of
emergency clinician and author or the nurse. Negative
score indicated under-triage and a positive score indicated
over-triage. P value < 0.05 was considered the significance
level.

4. Results

Demographic characteristics indicated that of 224 pa-
tients with abdominal trauma, 152 (67.9%) were male and 72
(32.1%) female; the majority (74.1%) were transferred to the
hospital. The mean time to trauma occurrence and trasfer-
ring to the emergency department was 14.79 £ 6.42 hours
(Table1).

Table 1. Demographic Characteristics of Patients with Abdominal Trauma

Demographic Characteristics Mean =+ SD

Age,y 33.45 +14.32

Systolic blood pressure, mmHg 129.68 £ 15.93

Diastolic blood pressure, mmHg 80.82 +11.58
Pulse, beat/min 90.31 - 14.93
Breathing, breat/min 16.64 £1.89
Arterial oxygen saturation, % 95.08 +333

According to the obtained results, 204 cases (91.1%)
were diagnosed with level 5 triage based on the triage sys-
tem. In 14 cases (6.3%) under-triage and in 6 cases (2.7%)
over-triage measures were taken. Comparison of triage
level with shockindex showed the triage level 5in100 cases
(44.6%). In 81 cases (36.2%) under-triage and in 43 cases
(19.2%) over-triage measures were taken.

Spearman’s correlation coefficient was used to exam-
ine the correlation between the triage level based on the
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five-level triage system and triage score based on the shock
index. According to the results, there was a significant pos-
itive correlation between the results of each of the two
methods and the final triage score. However, the correla-
tion coefficient of the final score of triage in the five-level
system was higher than that of the shock index (Table 2).

Table 2. Correlation Between Triage Score of the Five-level Triage System and That of
Shock Index

Triage Type Five-level System  ShockIndex  Final Triage
Five-level system

Spearman 1 0.227 0.834

correlation

coefficient

Pvalue® 0.001 < 0.001
Shock index

Spearman 0.227 1 0.162

correlation

coefficient

Pvalue 0.001 0.015
Final triage

Spearman 0.834 0.162 1

correlation

coefficient

Pvalue < 0.001 0.015

4Spearman coefficient.

5. Discussion

Based on the results of the current study, majority of
patients with abdominal trauma were male with the mean
age of 33.45 &£ 14.32 years. In a study by Heydari Khayat
et al. (18), the mean age of the subjects was 26.54 + 13.12
years and most of the traumatic patients were also male.
In a study by Amirbeiky Tafti et al. (5), the age range of
patients with trauma was 30 - 40 years and among 166 pa-
tients with trauma, 80% were male and 20% female. In a
study by Mehta et al. (24), 79% of the patients were male
and 21% female, consistent with the results of the current
study. The higher rate of trauma in males can be attributed
to their occupational conditions and high rate of traffic ac-
cidents.

Results of the present study indicated that in the ESI
triage system, 14 cases (6.3%) received under-triage and
6 cases (2.7%) received over-triage medical services. In
Iran, Kamrani et al., (25) reported 23.7% under-triage and
11.7% over-triage cases in the emergency departments; al-
though they reported a higher rate of under-triage than
the present study, the high frequency of under-triage er-
ror was in line with the results of the present study. How-
ever, Mirhaghi et al., (1) reported 8.57% under-triage and
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48% over-triage errors in emergency departments. In a
study by Rehn et al. (26), the incidence of under-triage
and over-triage in traumatic patients was reported 10% and
55%, respectively. In a study by Lehmann et al. (27), 4%
under-triage and 79% over-triage, and in a study by Cherry
et al. (28), 22% under-triage were reported (28). Although
the rate of under-triage in all the mentioned studies was
higher than that of the present study, contrary to the re-
sults of the present study, the rate of over-triage was more
than under-triage. Among the differences between the
cited studies and the current study, dissimilarities in sam-
ple sizes and methods of data collection are noteworthy.

Triage based on the shock index was compared with
the level of triage based on the triage system and results
showed 81 cases (36.2%) of under-triage and 43 cases (19.2%)
of over-triage. Results indicated that the frequency of miss
triage in shock index was higher than that that of ESI, but
there was a significant positive correlation between each
of the two methods and the triage level. Moreover, there
was a significant positive correlation between the results
of two methods. In other words, each of the two methods
were useful to determine the level of triage. Accordingly,
results of a study by Toccaceli et al., (22) on the shock index
hinted the ability of this indicator to assess the complex-
ity of care in traumatic patients and act as a guideline to
select the appropriate clinical pathway for patients. Also,
Montoya et al., (19) proposed the shock index as a useful,
inexpensive, fast, easy-to-use, and safe tool for better per-
formance of the triage system leading to more favorable
outcomes for patients. Furthermore, the results of a study
by Bruijns et al., (29) showed that heart rate, systolic blood
pressure, and respiratory rate are poor predictors for the
prognosis of trauma in patients; thus, it is more appropri-
ate to use the shock index along with commonly evaluated
symptoms for the triage of patients with trauma in emer-
gency departments (29).

In Iran, results of a study by Heydari Khayat et al.,
(18) showed that since heart rate and blood pressure are
considered in the shock index assessment (reflecting the
changes in vital signs of patients), measuring this index
can better demonstrate the hemodynamic status of pa-
tients with trauma compared with merely vital signs eval-
uation; thus, it can be utilized in hospitals and emergency
rooms. Given the fact the shock index is fast, easy-to-use,
and inexpensive, and systolic blood pressure and heart
rate are considered in this indicator, the shock index can
be used to prevent miss triage along with the triage sys-
tem in emergency departments. By the use of the results
of the current study and providing necessary information
to emergency staff and nurses, the incidence of miss triage
and its undesirable consequences can be reduced. Since
the shock index is not used as an instruction for triage,

the current study could not perform an intervention. It
was one of the limitations of the present study. Another
limitation was that the study was only conducted at one
trauma center. Therefore, it is suggested to conduct fur-
ther interventional studies including more than one emer-
gency trauma centers. The study was the first that used
the shock index as a criterion for triage. Hence, it paved
the way to conduct further studies in this area. The results
can be helpful for the management of emergency depart-
ment and triage nurses in hospitals in order to diagnose
the triage level accurately for patients with trauma.
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