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Abstract
Objective: To implement the 5-level Emergency Severity Index (ESI) triage tool into nursing
practice in the emergency department (ED) and validate it with a population-based cohort
using hospitalization and length of stay (LOS) as outcome measures.
Methods: The study included 850 patients, irrespective of age and gender, reporting to
the ED of a tertiary care hospital. Each patient was assessed by the triage nurse as per
the 5-level ESI triage tool and categorized. The number and type of resources used by the
patient, LOS in the ED and the outcome were noted. Data were statistically analyzed by
using RStudio Team software, 2015. A P value of < 0.05 was considered to be statistically
significant.
Results: The majority of patients belonged to ESI-4 (46.82%), followed by ESI-1 (19.41%),
ESI-2 (17.06%), ESI-3 (10.35%), and ESI-5 (6.35%). In most patients, the LOS in the ED
was < 120 minutes (55.65%). ESI showed a statistically significant association with all
the clinical characteristics, as well as resources used, interventions needed, maximum
time allowed before initiating physician assessment, duration of stay in ED, and patient
outcomes (P = 0.000). ESI was found to have a sensitivity of 100% and specificity of 78%.
Conclusion: ESI is a useful and valid tool for the emergency triage and has the potential to
become the standard triage acuity assessment in EDs in India.
Keywords: Triage, Length of stay, cohort

Introduction
Triage refers to the preliminary clinical assessment system
that helps to sort and prioritize incoming patients based
on how they can safely wait for a medical screening
examination and treatment (1,2). This ensures that the
patients with the most urgent need (the highest triage
acuity level) are treated ﬁrst. Triage becomes particularly
important in the setting of resource constraints, in terms
of hospital beds, trained staff, and functioning equipment
(1,2). Triage data is also used by health insurers to
evaluate reimbursement claims, and by authorities to
establish public health priorities, necessitating the use of
a reliable, accurate and valid triage acuity rating system
(1,2). However, the existing emergency triage methods
have certain limitations, especially in the identiﬁcation of
non-urgent cases that may be referred elsewhere (1,3,4).
Undertriage leaves the patient at risk for deterioration
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while waiting. Overtriage exploits the scarce resources,
limiting their availability for another patient in greater
need of immediate care (2).
Emergency Severity Index (ESI) is a 5-level emergency
triage instrument that is based on an expanded conceptual
model evaluating the patient’s medical urgency as well as
the expected resources needed for treatment (1,2). This
maximizes the efficiency of patient streaming (getting
the right patient to the right resources at the right place
and the right time), thus reducing over-crowding (2).
Various studies have found ESI to be a rapid, reproducible,
valid, accurate, consistent and easy-to-use algorithm that
reduces inter-rater subjectivity in triage decision making
(2,5-9). This tool also facilitates communication of patient
acuity more effectively and objectively (2). Also, it can
be employed for all ages, including pediatric, adult and
geriatric population (1,10-13). However, some researchers
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argue that ESI has limited sensitivity (42%) and merely
predicts the need for hospitalization as a crude measure
of outcome (1,13).
Hence, the present research was aimed to implement
this 5-level emergency triage algorithm, the ESI tool, into
nursing practice and validate it with a population-based
cohort using hospitalization and length of stay (LOS) as
outcome measures.
Methods
This hospital-based, prospective, observational study was
conducted at the Department of Emergency Medicine at a
tertiary hospital for a period of one year from September
2015 to September 2016, after obtaining ethical clearance
from the Institutional Review Board (IRB). The IRB
waived the requirement for written informed consent. A
minimum sample size of 337 patients was calculated for
a relative precision of 5% and confidence interval of 95%,
based on the study by Wuerz et al (1). The study included
850 patients, irrespective of age and gender, reporting to the
emergency department (ED) at this hospital. Patients with
incomplete ED evaluation (i.e., walkout or those who left
against medical advice before initial evaluation) and those
seeking routine care at ED (re-dressing, suture removal)
were excluded. Each included patient was initially assessed
by the triage nurse in the triage area of the ED, as per the
5-level ESI triage algorithm (Figure 1) (2,3). ESI uses a
combination of patient’s presenting problem, age, general

appearance, physiological observations, AVPU (Alert,
Verbal, Painful, Unresponsive) scale findings, vital signs
(wherever time permitted), and mental status/neurologic
vital signs (if indicated) to define the urgency level rating
for that patient. A corresponding triage-scale color-sticker
was placed on the patient’s file, depending on the period
within which that patient required medical assessment
and treatment to be initiated. Accordingly, emergency
care was initiated. Any patient marked ESI-1 or ESI-2 ‘red’
was critical and required immediate resuscitation. Patients
marked ESI-3 ‘yellow’ were at moderate risk and required
urgent care. ESI-4 or ESI-5 ‘green’ labelling implied lower
risk and non-urgent need for care. This was followed by
definitive care. The number and type of resources used
by the patient, LOS in the ED and outcome of the patient
following ESI triage were noted.
Data were compiled and analyzed by using statistical
software RStudio Team 2015. Measurements of continuous
variables were expressed as mean ± standard deviation
and those of categorical variables were presented in
number (%) format. Chi-square test was used to assess
the significance of study parameters on categorical
scale. Receiver operating curve (ROC) was employed to
determine the sensitivity and specificity of ESI. A P value
of < 0.05 was considered to be statistically significant.
Results
The study consisted of 850 patients, aged between 0.1-

Figure 1. Emergency Severity Index triage algorithm.
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88 years, with a M: F = 1.4:1, belonging mostly to the
age group of 31-40 years. Of these, 833 (98%) patients
were triaged immediately, while the remaining 17 (2%)
patients were triaged within 10 minutes. Table 1 presents
the frequency distribution of demographic and clinical
characteristics. Most patients used only one resource
(65.06%). Laboratory resources were the most utilized
resources (25.41%). Majority of the patients belonged
to ESI-4 (46.82%) followed by ESI-1 (19.41%), ESI-2
(17.06%), ESI-3 (10.35%), and ESI-5 (6.35%). Most of the
patients were seen by the emergency physicians within
30-45 minutes (ESI-4) (43.53%) and by the ERC within
90 minutes (ESI-4) (46.47%). Majority of the patients
were admitted from ED within < 120 minutes (84.47%).
In addition, 546 (64.2%) patients got admitted to the
wards or the intensive care unit (ICU) and 285 (33.53%)
patients got discharged, while 19 patients (2.24%) died.
Table 2 shows the mean values of various characteristics.
The mean oxygen saturation was 92.79 ± 7.11%.
Table 3 summarizes the association of ESI with clinical
characteristics. ESI showed a statistically significant
association with all clinical characteristics, including
number and type of resources used, emergency care
initiated, maximum time allowed before initiating
physician (EP/ERC) assessment, duration of stay in the
ED, and patient outcomes (P = 0.000).
Figure 2 presents the ROC for ESI. Table 4 depicts the
area under ROC (AUROC) for ESI comparing between
the positive actual state group and negative actual state
group. For ESI, AUROC was 1.00, which meant 100%
classification rate. Accordingly, ESI was found to have a
sensitivity of 100% and specificity of 78%.
Discussion
This study was conducted to implement the 5-level ESI
triage algorithm tool in the ED into nursing practice
and validate it with a population-based cohort using
hospitalization and LOS as outcome measures. It was
found to be useful in streamlining ED operations and
efficiently manage ED resources.
A gender distribution similar to the present study
was seen by Baumann and Strout (58% males), but not
by Tanabe et al (46% males) (14,15). Wuerz et al found
the median age of the patients to be 40 years, similar to
the present study where nearly 51% of the patients were
up to 40 years of age and about 49% were older. In the
present study, ESI also showed a statistically significant
association with age in males (P = 0.011), but not in
females (P = 0.276).
The ESI does not mandate specific time standards within
which patients must be triaged by the nurse and it is up to
the individual institution to determine a policy. Frequently,
there may be discord between the institutional policy
and the flow of patient care process and ESI triage level
(2). In the present research, 98% of patients were triaged
immediately, while 2% of patients were triaged within 10

Table 1. Frequency distribution of Demographic and clinical characteristics
(N = 850)

<1

No. of
patients
13

1-10

46

11-20

58

6.82

21-30

112

13.18

31-40

206

24.24

41-50

149

17.53

51-60

125

14.70

61-70

79

9.30

71-80

48

5.65

81-90

14

1.64

Male

494

58.12

Female

356

41.88

Immediately

833

98

Within 10 min

17

2

Alert

688

80.94

Verbal

52

6.12

painful

47

5.53

Unresponsive scale

63

7.41

None

89

10.47

1

553

65.06

>1

208

24.47

None

96

11.30

Laboratory resources

216

25.41

Radiology resources
Intravenous/Intramuscular
medications
Specialty consultation

197

23.18

67

7.88

47

5.53

Procedural resources

24

2.82

Multiple resources
Immediately life
threatening (ESI-1)
Imminently life threatening
(ESI-2)
Moderate risk (ESI-3)
Low risk, semi urgent
(ESI-4)
Lower risk, non-urgent
(ESI-5)
Definitive airway
intervention
Ventilation support
Hemodynamic
interventions (haemorrhage
control)
ESI-1 (immediate)

203

23.88

165

19.41

145

17.06

ESI-2 (within 10 min)

Characteristic

Age group (y)

Gender
Time taken for
triaging in minutes

AVPU scale

Number of
resources used

Type of resources
used

ESI

Emergency care
initiated

Maximum time
for emergency
physician review

Maximum time for
emergency referral
consultant review

LOS in emergency
department (min)

Patient outcome

Percent
1.53
5.41

88

10.36

398

46.82

54

6.35

168

19.76

143

16.82

539

63.42

172

20.24

143

16.82

ESI-3 (within 15-30 min)

124

14.59

ESI-4 (within 30-45 min)

370

43.53

ESI-5 (within 60 min)

41

4.82

ESI-1 (immediate)

168

19.76

ESI-2 (within 30 min)

143

16.82

ESI-3 (within 30-60 min)

90

10.59

ESI-4 (within 90 min)

395

46.47

ESI-5 (discharged)

54

6.36

< 60

245

28.82

< 120

473

55.65

> 120

132

15.53

Admitted to wards

255

30

Admitted to ICU

291

34.23

Discharged

285

33.53

Died
19
2.24
Abbreviations: ESI = Emergency Severity Index; AVPU = Alert, Verbal, Painful,
Unresponsive; LOS = length of stay; ICU = intensive care unit.
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operations. Baumann and Strout noted that 70% of their
patients belonged to ESI-3 or ESI-4, compared to about
57% in the present study (14). While utilization of one or
more resources was noted in 89.5% of the patients in the
current study, it was noted in 75% of the cases by Wuerz
et al (1). Akin to the present study, Baumann and Strout
observed that ESI-3 patients used maximum resources
(14). In contrast, Elshove-Bolk et al found that 92% of the

Table 2. Mean values of various characteristics
Characteristic

Mean ± SD

Heart rate (beats per minute)

89.76 ± 20.09

Respiratory rate (count per minute)

23.34 ± 6.59

Oxygen saturation (%)

92.79 ± 7.11

Systolic blood pressure (mm Hg)

119.89 ± 20.81

Diastolic blood pressure (mm Hg)

75.17 ± 12.49

Table 3. Association of Emergency Severity Index with clinical characteristics
ESI

Characteristics

ESI-1 (n = 165)

None
Number of resources used 1

Type of resources used

Emergency care initiated

ESI-2 (n = 145)

ESI-3 (n = 88)

28 (16.97%)

7 (4.83%)

80 (48.48%)

75 (51.72%)

LOS in emergency
department (min)

Patient outcome

0

0

54 (100%)

0

398 (100%)

0

>1

57 (34.55%)

63 (43.45%)

88 (100%)

0

0

32 (19.39%)

10 (6.9%)

0

0

54 (100%)

Laboratory

32 (19.39%)

29 (20%)

2 (2.27%)

153 (38.44%)

0

Radiology

44 (26.67%)

44 (30.34%)

2 (2.27%)

107 (26.88%)

0

IV/IM medications

0

0

0

67 (16.83%)

0

Specialty consultation

0

0

0

47 (11.81%)

0

Procedural

0

0

0

24 (6.03%)

0

Multiple

57 (34.55%)

62 (42.76%)

84 (95.46%)

0

0

Definitive airway

165 (100%)

2 (1.38%)

1 (1.14%)

0

0

0

142 (97.93%)

0

1 (0.25%)

0

Ventilation support

0

1 (0.69%)

87 (98.86%)

397 (99.75%)

54 (100%)

164 (99.39%)

6 (4.14%)

1 (1.13%)

1 (0.25%)

0

ESI-2

0

134 (92.41%)

4 (4.55%)

5 (1.26%)

0

ESI-3

1 (0.61%)

3 (2.07%)

80 (90.91%)

40 (10.05%)

0

ESI-4

0

2 (1.38%)

3 (3.41%)

352 (88.44%)

13 (24.07%)

ESI-1

Maximum time for
emergency referral
consultant review

ESI-5 (n = 54)

None

Hemodynamic

Maximum time for
emergency physician
review

ESI-4 (n = 398)

ESI-5

0

0

0

0

41 (75.93%)

ESI-1

164 (99.39%)

2 (1.38%)

1 (1.14%)

1 (0.25%)

0

ESI-2

0

138 (95.17%)

2 (2.27%)

3 (0.75%)

0

ESI-3

1 (0.61%)

3 (2.07%)

82 (93.18%)

4 (1.01%)

0

ESI-4

0

2 (1.38%)

3 (3.41%)

390 (97.99%)

0

ESI-5

0

0

0

0

54 (100%)

< 60

149 (90.3%)

40 (27.59%)

1 (1.14%)

1 (0.25%)

54 (100%)

< 120

16 (9.7%)

105 (72.41%)

76 (86.36%)

276 (69.35%)

0

> 120

0

0

11 (12.5%)

121 (30.4%)

0

Admitted to wards

0

0

75 (85.23%)

180 (45.23%)

0

146 (88.48%)

145 (100%)

0

0

0

0

0

13 (14.77%)

218 (54.77%)

54 (100%)

19 (11.52%)

0

0

0

0

Admitted to ICU
Discharged
Died

P value

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

Abbreviations: ESI = Emergency Severity Index; ICU = Intensive care unit; IM = Intramuscular; IV = Intravenous; LOS = length of stay.
*Significant at 5% level of significance.

Table 4. area under receiver operating curve for Emergency Severity Index comparing between the positive actual state group and negative actual state group
ESI

AUROC

P value

95% Confidence interval

Sensitivity

Specificity

1.00

0.000*

(1,1)

100%

78%

Abbreviations: ESI = Emergency Severity Index; AUROC = Area under receiver operating curve.
*Significant at 5% level of significance.
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Figure 2. Receiver operating curve (ROC) for Emergency Severity
Index.

resources were used by ESI-2 patients (16).
Also, the mean duration of stay at the ED was lesser in
the present research compared to that noted by Wuerz et
al (ranging from 266 minutes for ESI-3 to 129 minutes
for ESI-5) and Baumann and Strout (ranging from 334
minutes for ESI-1 to 131 minutes for ESI-5) (1,14). This
was possibly because of differences in hospital census,
timeliness of consultant response, and laboratory/
radiology cycle times (1,14). In line with the present
study, Wuerz et al, in their 2001 study, showed that 28%
of the overall and 92% of ESI-1 patient population was
admitted to ICU (8). Elshove-Bolk et al found that 56%
of the patients got admitted to both ICU and wards (16).
Chih et al discovered that 20.8% of patients were admitted
to the ICU, while 71.1% were discharged and 0.4% faced
death in the ED (17).
In the present study, the AUROC for ESI was found to be
1.00, which implied an excellent classification rate (100%),
with a confidence interval of 0.95 to 1.00. According to
Platts-Mills et al(13), ESI provided a high specificity (99%),
but a low sensitivity (42%). This contrasts with the current
research where a sensitivity of 100% and specificity of 78%
was observed for ESI. Hence, this study recommends the
use of ESI. It was easy and effective to implement in the
emergency medicine department.
However, this research has its own limitations in being
a single-center study with a limited sample size. These
can be overcome by multicentric, long-term, prospective
studies with a larger sample size.
Conclusion
ESI is a useful and valid tool for emergency triage and has
the potential to become the standard triage acuity assessment
in EDs. It helps predict the number of resources used by ED
patients along with the duration of stay in the ED and the
need for hospitalization. It was found easy and effective to
implement the ESI Triage tool in a busy ED in Bangalore.
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