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ABSTRACT

Background: The Emergency Severity Index (ESI) version 4 (v4) is a triage system based on vital signs, potential limb or organ
threat, as well as expected resources needed in the emergency department (ED).
Objective: The purpose of this study was to examine accuracy and misclassification rate of ESI triage over one year following
implementation.
Methods: This was a retrospective analysis of ED encounters from January 2011 to 2012. Charts were selected in one-week
intervals every 12 weeks for one year (months 1, 3, 6, 9, and 12). Each encounter was reviewed to determine post hoc ESI level
based on care in the ED. Descriptive statistics was used to compare the agreement between initial triage and post hoc ESI levels.
Sensitivity and specificity for each level was determined. Kruskal Wallis test (KW) and Mann Whitney U (MWU) was used to
assess differences in initial versus post hoc ESI levels by month to explore change in accuracy over time.
Results: Five hundred and sixty separate ED encounters were included. Agreement was observed in 301 triage encounters
(53.8%). Overestimation of the triage level occurred in 131 (23.4%) encounters, while the triage level was underestimated in 128
(22.9%) encounters. There was a significant decline in accuracy during the year (KW = 10.2; p = .037); with the greatest drop
between month 1 and 9 months (MWU 4,859; p = .035). Sensitivity ranged from 24% to 76% and specificity ranged from 61% to
99%, based on ESI level.
Conclusions: Enhanced education and quality improvement process is necessary to improve overall accuracy rates at this site.
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1. INTRODUCTION

Triage in the emergency department (ED) begins with an
assessment allowing for the incoming patient volume to be
prioritized into those who require immediate care and others
with less acute needs. According to Centers for Disease Con-
trol (CDC) statistics, in 2010 there were 129.8 million visits
to EDs and only 25.1% of these were seen in less than 15
minutes.[1] Thus, proper triaging, especially with an influx

of patient volume, is important for appropriate patient care,
as failure could result in errantly leaving sick patients in the
waiting room. A recent study by Yurkova suggests that under
triage is a significant factor affecting transfer times between
ED and intensive care unit, especially in septic patients.[2]

Further complicating the issue, ED overcrowding has
emerged as a major barrier for timely triage. Between 1993
and 2003, the number of ED visits increased by 24% while
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the U.S. population increased 12%. In the same time period,
the total number of EDs in the country reduced by 425.[3]

The effects of overcrowding in EDs has led to increased wait
times and increased concerns that patient outcomes will suf-
fer.[4–7] One study found that during crowded conditions,
patients with higher acuity such as chest pain or shortness
of breath had longer wait times and were inappropriately
roomed in non-monitored ED beds. In fact, overcrowding
has been associated with increased patient mortality, delayed
antibiotic administration, delayed resuscitation efforts, and
poor pain management.[7]

In order to maintain quality care for ED patients, a joint
committee of the Emergency Nurses Association (ENA) and
the American College of Emergency Physicians (ACEP) en-
couraged the use of the Emergency Severity Index (ESI).[8]

It is the most widely used triage system in the United States
and is becoming more widely used in other non English
speaking countries.[9, 10] There are many other five level ED
triage systems used worldwide including the Manchester
Triage System (MTS), the Canadian Triage and Acuity Scale
(CTAS), the Australasian Triage Scale (ATS), among other
multi level informal systems.[5, 11–13] In both the ATS and
CTAS system, each level has a time goal to initiation of
medical evaluation. The CTAS uses a list of clinical descrip-
tors and symptoms to assess triage level, as well repeating
triage after a defined waiting period.[11, 12, 14] The MTS has
52 presentational flow charts to assist in triage with six key
discriminators (life threat, pain, hemorrhage, acuteness of
onset, consciousness, and temperature).[11, 12]

ESI is a standardized tool used to categorize patients based
on acuity and estimated resource consumption. An ESI level
1 is considered emergent and an ESI 2 is considered urgent;
requiring early provider evaluation and intervention to pre-
vent significant morbidity and mortality. Those with ESI 3,
4 or 5 are less urgent and are stratified based on predicted
resource utilization. The ESI system is endorsed by the
Agency for Healthcare Research and Quality (AHRQ) and
is currently in its 4th version, adapted from evidence-based
research.[3, 13]

The “ESI version 4 (v4): Implementation handbook” recom-
mend training sessions involving instruction on the criteria
that qualify for each ESI level as well as practice cases, such
that nurses will leave the sessions proficient with the triage
system.[3, 13] In the ED, however, the practical application
of ESI can be a difficult task. To minimize errors in triage,
it has been suggested that additional training is needed, at
least in the geriatric and pediatric patient population.[15, 16]

Many studies have shown that ESI and other triage systems
are reliable (inter and intra observer variability) and valid

(predicting “true” urgency).[5, 12, 17–19] There is a dearth of
information on optimal training for accuracy and need for
retraining.

Goal of this investigation
The objective of this study was to determine if the implemen-
tation training was sufficient for triage nurses using accuracy
and misclassification rate as the outcome, and if there was
an optimal timeframe for retraining.

2. METHODS

2.1 Study design and setting
This was a retrospective quality improvement analysis of a
set of ED encounters between January 1, 2011 and January
1, 2012 at an academic level 1-trauma center with an ED
annual volume of approximately 38,000. All nurses were
trained in ESI v4 in the first week of January 2011 using the
AHQR recommended training methods, including the imple-
mentation handbook and training DVD.[3] The University’s
Institutional Review Board approved the study.

2.2 Protocol and outcome measures
Every 6th chart for a one-week time frame at months 1
(2 weeks post implementation of the system) and every 12
weeks thereafter for one year were evaluated (months 3, 6, 9,
and 12) by one of two research assistants (DP and JS). The
chart review by the research assistants was done after the first
year of ESI implementation was completed. In January 2012,
the research assistants underwent the same ESI training ses-
sion as the nurses with the AHQR training methods, prior to
chart abstraction, by an experienced physician assistant who
works at triage at our institution (JeS). A research assistant
evaluated each encounter based on criteria defined by ESI
v4.

ESI v4 was the only triage algorithm evaluated in this study.
The “initial triage” ESI level given to the patient at the time
of triage was collected from the electronic medical record.
The research assistants determined an “actual” post hoc ESI
level by reviewing the ED chief complaint, initial vital signs,
lifesaving interventions, and actual resources utilized during
the ED stay, as defined by the AHQR handbook. The lower
the triage number, the higher the acuity of the patient. Mis-
classifications were defined as either under or over triages.
Under triage was defined as assigning a lower acuity than the
patient’s actual acuity (i.e., assigning an ESI level 4 instead
of an ESI level 1). Over triage assigned a higher acuity than
necessary (triage ESI level lower than post hoc ESI level;
assigning a 3 instead of 5). Ten percent of reviewed charts
(“actual” post hoc ESI level) were subsequently randomly
selected and reviewed for accuracy by JeS with a kappa value
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of 0.738.

2.3 Data analysis
All data was analyzed using the Statistical Package for So-
cial Sciences (SPSS) 19.0. Those leaving without being
seen, without being triaged, or against medical advice were
excluded from analysis due to difficulty in measuring re-
sources used. Descriptive statistics was used to compare
the agreement between initial triage and post hoc ESI lev-
els. Sensitivity, the ability of triage nurse to correctly assign
patients to the appropriate ESI designation and specificity,
the ability to correctly not assign to an ESI level, were mea-
sured. Positive predictive value and negative predictive value
were also calculated. For example, if the patient should be
assigned level 1, sensitivity would be how often the nurse
assigned level 1. If the patient should not be assigned level
1, specificity would be how often the nurse did not assign
level 1. Kruskal Wallis test (KW) and Mann Whitney U
(MWU) was used to assess differences in initial versus post
hoc ESI levels by month to explore change in accuracy over
time. Nurse accuracy level was also explored for those who
did more than 20 triage encounters. Chi square analysis was
used for differences in disposition groups by accuracy level.

3. RESULTS

Six hundred and seven separate ED encounters were re-
viewed; 47 encounters were excluded due to difficulty cal-
culating resource utilization in those leaving without being
seen, without being triaged, or against medical advice. There
were a total of 68 nurses who triaged at least one person in
this timeframe (range 1-29 separate triage encounters).

Notable differences in initial and post hoc ESI are noted in
Table 1.

As seen in Figure 1, agreement was observed in 301 triage
encounters (53.8%). Overestimation of the triage level oc-
curred in 131 (23.4%) encounters, while the triage level was
underestimated in 128 (22.9%) encounters.

Sensitivity and specificity for each level is listed in Table
2. Only 50.4% of discharged patients had agreement in ESI
levels (n = 363) compared to 59.9% of admitted patients
(n = 197, p = .03).

There was a significant decline in accuracy during the year
(KW = 10.2; p = .037); with the greatest drop between
month 1 and 9 months (MWU 4,859; p = .035) (see Table 3).
Nurse level accuracy was explored and for those nurses who
did more than 20 triage encounters in the sample (6 nurses,
N = 163 encounters), the accuracy level was 56.3% (range
40%-73%).

Figure 1. Over and under triages for each ESI level
(N = 560)

4. DISCUSSION

Triage nurses at this one institution accurately assigned triage
level based on predicted resources and other criteria of the
current ESI system, on average, only 53.8% of the time
during the initial year of use. A Belgium hospital’s imple-
mentation of ESI v4 revealed 78% accuracy with the highest
misclassification occurring in ESI level 2, and under triages
being more frequent than over triages. However, the accuracy
level was measured by inter rater agreement of case scenar-
ios which do not account for real time ED issues: staffing
issues, nursing experience or training, nonverbal cues, or
ED volumes that may contribute to misclassification of ESI
levels.[20, 21] Farrohknia refers to this same issue when stat-
ing that study designs for inter rater agreement have been
suboptimal, with many studies based on fictitious cases than
real life settings.[22] One of the initial validation studies us-
ing a retrospective design similar to our study and ESI v3,
showed an 80% accuracy rate, but it was done ten months af-
ter the implementation of the system with an ongoing quality
improvement process noting mis-triages.[18]

Table 1. Initial and post hoc (actual) ESI levels (N = 560)
 

 

 ESI Level 1  N (%) ESI Level 2 N (%) ESI Level 3 N (%) ESI Level 4 N (%) ESI Level 5 N (%) 

Initial ESI  11 (2.0) 126 (22.5) 279 (49.8) 117 (20.9) 27 (4.8) 

Post Hoc ESI  10 (1.8) 202 (36.1) 160 (28.6) 118 (21.1) 70 (12.5) 
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Table 2. Sensitivity, specificity, negative and positive predictive values with 95% confidence intervals of ESI levels
(N = 560)

 

 

 Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) 

Level 1 60.0% (27.4, 86.3) 99.1% (97.8, 99.7) 54.5% (24.6, 81.9) 99.3% (98.0, 99.8) 

Level 2 50.0% (42.9, 57.1) 93.0% (89.7, 95.3) 80.2% (71.9, 86.5) 76.7% (72.4, 80.6) 

Level 3 76.3% (68.8, 82.5) 60.8% (55.8, 65.5) 43.7% (37.9, 49.8) 86.5% (81.8, 90.1) 

Level 4 46.6% (37.4, 56.0) 86.0% (82.3, 89.0) 47.0% (37.8, 56.4) 85.8% (82.1, 88.8) 

Level 5 24.3% (15.2, 36.3) 98.0% (96.1, 99.0) 63.0% (42.5, 80.0) 90.1% (87.1, 92.4) 

 

Table 3. Accuracy level by month (N = 560)
 

 

Month Total Triages 
Accurate Triages  
N (%) 

No. Nurses  
Triaging 

1 98 59 (60.2) 30 

3 104 65 (62.5) 31 

6 115 64 (55.7) 33 

9 116 53 (45.7) 38 

12 127 60 (47.2) 42 

 

There is a wide range of results regarding reliability (from
fair to very good) and validity of triage systems in the lit-
erature; with ESI and CTAS having the highest reported
reliability.[12, 23, 24] However, a systematic review of different
triage systems suggests there is limited and insufficient ev-
idence for assessing validity and reliability in many triage
scales, with variability in the methods and measurements
(kappa, weighted kappa, Pearson).[22, 23] Validity is difficult
to assess for triage acuity, as there is no true gold standard
upon which to measure.[3] Thus it is based on various proxy
outcomes such as hospital admission, length of stay, and mor-
tality.[5, 12, 14, 17, 25] While ESI, MTS, and ATS are predictive
of admission, Weber et al. noted that less than half of the
high acuity patients completed triage within the ESI time
frames.[12, 26, 27]

Our study, similar to Storm-Versloot et al., demonstrated that
sensitivities for all levels were relatively poor (i.e. - ESI level
2 sensitivity 36%; ESI level 3 sensitivity 50%) with higher
specificities for ESI levels 1 and 2, which may be due to
the fact that lifesaving interventions and emergent therapies
may be easier to distinguish than resource consumption. Us-
ing ESI v3, they found an under triage rate of 20% and an
accuracy rate of less than 40%.[5] The ideal triage system
will have a high sensitivity to identify those patients whose
outcome is likely to worsen without intervention, and good
specificity (there is always a trade off between specificity
and sensitivity).[14] Geriatric ESI literature shows similar
sensitivities (in the mid-40s%) and high specificities (99%)
for ESI level 1, and that this population is at risk of under
triage.[15, 28] Similarly, sensitivity and specificity in the MTS
system for higher urgency levels in six studies ranged from
17%-63% and 78%-100%.[23]

Misclassification by use of higher ESI (under triaging) re-
flects a necessity for more extensive training for triage staff;
as there will always be a trade off between safe practices
overriding resource consumption. Among patients admitted
to the ICU from the ED, one study shows a misclassification
to a lesser acuity (for example, assigning an ESI 3 instead of
an ESI 2), prolongs the wait in the ED.[2] The difference in
time may be critical; however, the impact of triage for many
urgent conditions is unknown.[14] In fact, one author suggests
that correct assignment of acuity level does not guarantee
better outcomes as those with higher acuity levels may have
more risk factors for negative outcomes.[2, 14]

Like previous studies, our study showed that nurses had diffi-
culties with ESI level 2 (high acuity criteria) and predicted
resource consumption.[5, 20] Similarly, a study by Singer
et al.[29] surveying nurses found confusion in the distinc-
tion between ESI levels 2 and 3, while Garbez et al. stated
research into this distinction is lacking.[30] For example,
the ESI handbook designated an ESI level 2 as a high-risk
situation (a patient you would put in your last open bed), se-
vere pain/distress, confused/lethargic/disoriented, or “danger
zone” vitals.[3, 13] Garbez et al. argued that this may not be
specific enough for less experienced nurses.[24, 30] Several
studies showed that the ESI system has a tendency to allo-
cate patients to ESI level 2.[19, 24] Singer et al. also noted
that some respondents were misclassifying by using their
perception of what tests the emergency physician may order
or their own perception of the patient’s condition, instead of
using the exact ESI algorithm.[29]

While it is interesting to note that these nurse respondents
thought the ESI triage system was helpful for less experi-
enced nurses, the original intent is that this triage system is
for experienced nurses.[3, 29] There are conflicting reports as
to the amount of nursing experience needed for triage profi-
ciency. Garbez cites studies that show that factual knowledge
supersedes experiential knowledge when it comes to triage;
however, experienced triage nurses are influenced by sub-
jective individual and patient factors.[30, 31] The 2012 ESI
Implementation handbook states that ESI is “intended for use
by nurses with triage experience or those who have attended
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a separate, comprehensive triage educational program.”[13]

This highlights the difference in theoretical intent of ESI
and the practical application in many EDs, as it may not
always be possible to have the most experienced nurse at
triage. Singer et al. also noted that few EDs have monitored
the impact of ESI on variables such as predicting resource
demand, ease of implementation, sorting patients clinically,
or monitoring the accuracy of the triage levels as part of a
quality improvement measure.[29]

In addition to subpar initial accuracy rates at this institution,
there was a significant decline throughout the year with a
nadir around month 9, possibly indicating a need to retrain at
this time. Additional initial training may be necessary to in-
crease accuracy rates.[3, 29] In addition to the live training and
case scenarios, providing monthly summarizes of misclassi-
fications as an educational tool would be beneficial, as was
done in the Tanabe study.[18] Other suggestions include ob-
taining training by a mentor, additional objective competency
training, resource utilization training, continuing education,
and monthly or at least quarterly feedback.[32]

It is important to note that it is not possible to completely
eliminate over and under triages, and as such there is no
standard of what is acceptable. Oftentimes, Cohen’s Kappa
values are used to measure inter and intra rater reliability, as
it measures the agreement beyond chance between raters.[33]

There are many Kappa variations and some studies lack ade-
quate description of the methods to ascertain which kappa
was used.[22, 23, 33, 34] Because kappa values can not be di-
rectly interpreted, some authors suggest that researchers ac-
cept low values in their inter rater reliability studies, which
may not be acceptable in health sciences or clinical stud-
ies.[33] Many studies used weighted kappa values that may
over estimate the reliability.[19, 24] For the six studies in the
meta analysis on reliability of ESI, the overall agreement
rate was 78.5%.[19] We theorize that an acceptable level
may be 70% agreement, especially since the ESI v4 training
manual states that nurses using the ESI system were able to
predict how may resources the ED patient required 70% of
the time.[3, 13]

Limitations
This study was limited by several factors. Restriction to a
single institution limits the generalizability of the results.
Furthermore, the current sample was only 1.5% of the total
ED volume and a larger sample size of patients assigned ESI
1 would provide more insight to the most critical population

to arrive at the ED. Another limitation of our triage process is
the wide variability in nurses working from month to month,
the amount each individual nurse triaged, the possible rota-
tion of inexperienced nurses working in triage, as well as the
fact that some patients likely were triaged in their room by
their primary nurse who also may not be as experienced in
triage (not a dedicated triage nurse). When nurses do not
have a broad clinical experience background they may be
less likely to recognize high-risk presentations or correctly
interpret the ESI guidelines that could easily lead to under
triaging patients. However, as indicated before, the practical
application and the theoretical intent of ESI are not always
the same depending on the hospital system and limitations.
Using post hoc (retrospective) analysis of ESI is not the same
as concurrent prospective agreement of ESI, whether by case
scenarios, or in the ED. Triage is based on an initial assess-
ment, yet patient conditions can change.[35] Unlike CTAS
where patient re-evaluation for triage level is codified, ESI
will re-triage only as necessary.[11, 24] It can be argued that
since triage is based on a presentation at a specific time, the
whole ED visit should not be taken into account.[12] How-
ever, when evaluating resource utilization for ESI levels, the
ED course must be taken into account. All these factors can
decrease the sensitivity and specificity of the ESI process.
The research assistants were not blinded to the original ESI
level as this could not be hidden in the electronic medical
system. This may introduce some bias. The study was not
designed to evaluate why misclassification of triage levels
was occurring and future studies of specific populations, and
patient, nursing, and systemic factors that contribute to this
would be beneficial in aiding training efforts, as well as fol-
low up studies to look for improvement in accuracy rate and
proxy measures such as length of stay and mortality.

5. CONCLUSIONS
Accuracy rates for the initial year of implementation of ESI
v4 at this hospital were suboptimal. There was a significant
decline in accuracy throughout the year. Enhanced initial
education is necessary to improve the overall accuracy rates
and decrease misclassification, especially with ESI level 2.
Decreasing nursing variability in triage, as well as a imple-
menting a robust quality improvement initiative can further
increase accuracy rates.
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