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Introduction: The Ministry of Health and Prevention of the UAE acquired an electronic
medical record system (Wareed) through which they incorporated the Emergency Severity
Index as the standard triaging tool. This raised the need to review population dynamics and
the accuracy of triage performed by the health-care providers utilizing the tool.
Objective: This research aimed to study demographics and dynamics of the population
presenting to emergency departments (EDs) during 2018, evaluate the accuracy of triage
assessment using comparative analysis techniques, and determine relationships between
patient factors (severity of illness, age-group) and the accuracy of triage.

Methods: This was an observational study that aimed to ascertain findings from ED data
over 1 year (January 2018-December 2018) and explore factors associated with reduced
accuracy in acuity assignment. We employed comparative analysis to measure the level of
agreement between standard guidelines and local findings.

Results: A total of 576,154 patients visited EDs in 2018, of which 54.4% were male.
A statistically significant increase in length of stay with increasing severity of illness was
observed (Kruskal-Wallis test). Overall triage accuracy was 41.6%, with a positive
association with increasing severity of illness. We found a positive association between
severity of illness and accuracy of triage (OR 0.14, p=0). We also found on logistic
regression that the age-group 11-20 years had the highest probability of accurate triage
acuity (R*=0.41, p=0).

Conclusion: Conducted on a very large data set from the UAE, our study reflects upon
population dynamics and triage accuracy distribution among different variables. This study
paves the way for further in-depth analysis of factors that may impact triage accuracy within
EDs, and utilizing a similar approach it can be replicated in other settings as well.
Keywords: Emergency Severity Index, ESI, triage, electronic medical record

Introduction

Emergency departments (EDs) are unique in their operation from the rest of the
hospital, as they operate around the clock with heavy, unscheduled patient attendance
and high turnover.'” Patients range from critical cases who require immediate live-
saving interventions to those who are relatively stable. It lies with the ED to provide
care to all patients based on the level of urgency and criticality of their illness. To
make this process more structured and standardized, the triage pathway has been
established. It is a process usually led by a trained clinician (nurse or physician), who

at the time of patient’s presentation quickly and accurately categorizes the patient
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according to their care needs." This leads to an efficient
mechanism of prioritizing patients based on triage levels.

There are a number of triaging algorithms to support
this process. The entire process should be completed
swiftly, and should not itself become a cause for delay in
the overall process. Since the care is delivered based on
a level of urgency assumed by the triage clinician, inaccu-
rate judgment can deprive some urgent cases of timely
care and over-triaging can lead to unnecessary consump-
tion of resources by patients that were less urgent.>* This
calls for a system with high validity and reliability.’
Effective triage processes improve efficiency at ED depart-
ments by directly impacting length of stay, throughput, and
even patient satisfaction.

The Emergency Severity Index (ESI) is a five-level tria-
ging tool that was developed by two ED physicians with the
principles of “Who should be seen first?” and “Who can
safely wait?”®® It works on the basic concept of delivering
health care based on the level of urgency. It is a standardized
tool used to categorize patients based on their urgency
(acuity) and estimated resource consumption. ESI level 1
is considered “emergent,” ESI 2 “urgent”, and those in ESI
3-5 are stratified based on estimated resource utilization (3
being highest resource consumption and 5 being lowest).”

The ESI originated from the US health-care system,
and was developed in keeping with local dynamics of case
mix and resource utilization in consideration. As its use
became prevalent around the world, it became important
for other health systems to study this tool in their local
context. Various studies have been conducted to establish
the trends and usability of the ESI in different parts of the
world.' 12

The Ministry of Health and Prevention (MOHAP) of
the UAE governs a vast health-care network covering
overl7 hospitals classified into secondary,tertiary, specia-
lized, and community hospitals. These hospitals have
EDs in six emirates in the UAE. To keep up with interna-
tional guidelines and make the triaging process more
objective for ED staff, the ESI was introduced gradually
as the standard triaging tool in all EDs from 2010.

One of the important catalysts for this initiative was the
introduction of an electronic medical record system
(Wareed,
Corporation) for their EDs, which was acquired by
MOHAP in 2009. Within Wareed, the ESI algorithm is
part of the standard triage documentation. After performing

supplied and implemented by Cerner

their triage assessment, nurses can enter the patient’s acuity
level within Wareed. With an ED-specific module, the

electronic medical record system has the capability of cap-
turing all ED visits with relevant data, which can be further
utilized for analysis and improvement purposes. The system
was introduced after training of all triaging clinicians on the
latest ESI guidelines. After implementation, there was
a need to revisit the system and evaluate its usability, trends,
and impact on the ED-care process.

Aims and Objectives

This study was conducted to evaluate patterns and trends
of population dynamics after implementation of the ESI.
Measures under study were:

1. descriptive statistics of the population presenting to
EDs during 2018

2. distribution of acuity across different groups (based
on age, sex, nationality)

3. average time spent by patients in the ED (length of
stay)

4. comparison of assigned acuity to resources con-
sumed by the patients (triage accuracy)

5. association between patient-related factors and
triage accuracy (severity of illness, age-group).

Methods

Design

This was an observational study conducted retrospectively
to ascertain findings from ED data over
(January 2018—December 2018).

1 year

Study Setting

This study was conducted on data collected from 15 hos-
pital EDs operating under MOHAP. These hospitals are
distributed among six (out of seven) emirates of the UAE,
with a catchment population of approximately 6 million."?
Data were captured from all facilities, irrespective of their
bed capacity or specialties.

Study Participants

Since we aimed to study the population dynamics of all
patients presenting to MOHAP hospital EDs, all patient
records for the study period were extracted.

Data Extraction

Using suitable techniques and software, all data from EDs
of 15 hospitals were extracted. These were all the MOHAP
hospitals equipped with the Wareed system in their EDs in
2018. Data included patient demographics (age, sex, and
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nationality), date of visit, acuity assigned by the triage
nurse, length of stay, and resources consumed. The ESI

algorithm defines a certain intervention as “resources”.’

Resources

Every resource defined in the ESI handbook was captured
as discrete data within the Wareed system. For this study,
we defined extensive complex queries (using Structured
Query Language) to automate the process of calculating
actual resource utilization. As per our literature survey,
this was an innovative approach unique for this region.
This technique allowed us to investigate a larger data set
and observe patterns. The resources included in the
resource-utilization checklist were clinical laboratory stu-
dies, radiography, electrocardiography monitoring, special
studies, fluids, parenteral medications, intramuscular med-
ications, and specialist consultations, as defined in the ESI
handbook.°

Triage Accuracy

Triage accuracy was defined as the extent of agreement
between standard guidelines and local findings by compar-
ing the suggested resource consumption (for acuity levels
3-5) to the actual resources consumed in these hospitals.
Since acuity levels 1 and 2 are assigned based on patient
criticality, rather than expected resource utilization, it is
not be possible to validate these without examining the
patient. For this reason, we conducted our analysis on
patients who had been assigned acuity 3—5 during this
period, while those with 1 and 2 were excluded from this
analysis. We also determined the correlation between
acuity level and extent of accuracy in terms of resource
expenditure.

Data Entry, Collection, and Analysis
After implementation of the ESI, all data were entered by
trained clinicians into Wareed in a standardized format.
Data were collected through a logical and standardized
process from Wareed, and all required measures were
taken to mask patient identity and data storage and ensure
safety. Data were analyzed using Microsoft Excel and
SPSS 21 to derive statistical inferences. Frequency distri-
butions and correlations were observed among other sta-
tistical inferences. We employed the Kruskal-Wallis test
of significance and logistic regression methods for further
analysis of our data.

This study was conducted by MOHAP and was in line
with their ethical policies. It was ethically aligned with the

Declaration of Helsinki. Data were deidentified and all
necessary measures taken to maintain privacy and confi-
dentiality of individuals and facilities and to ensure there
was minimization of bias.

Results

A total of 576,154 patients presented to all 15 MOHAP
EDs from st January 1-December 31, 2018. Facility 15
saw the highest number of patients (15.5%) and the fewest
(0.4%).
frequency was observed during different months: highest
in October (9.5% of total visits) and lowest in July (7.4%
of the total visits). Patient ages were categorized in nine

were recorded at facility 1 Patient-visit

groups of 10 years’ interval each, with the last group
including all patients 80 years and above . Most patients
were from the youngest age-group of 0—10 years and the
fewest from the oldest age-group of 80 years and above.
Among all the patients who visited MOHAP EDs in 2018,
54.6% were male and the rest female. Of these, 61.2%
were from the local (Emirati) population and the rest
expatriates (non-Emiratis) Table 1; refer to appendix for
tables S1-S7, Figures S1-S4).

Distribution of acuity assigned by triage nurses was

analyzed, and it was observed that most patients received
an acuity of 4 (42.9%) very closely followed by acuity 3
(42.1%), while the least were assigned an acuity of 1
(0.3%). A small number of patients did not have
a documented acuity score assigned (1.9%), and were
excluded from the final analysis (Table 1). We also
looked at the age and nationality distribution of patients
as per the acuity assigned to them. It was observed that
for patients aged over 20 years, the highest proportion
was for acuity 3, while patients aged 20 years and below
were most frequently assigned 4. For acuity 3 and 4,
patients from the youngest age-group were the highest
contributors, while for acuity 1 patients aged 41-50years
were the highest contributors.

The nationality distribution of acuity was analyzed after
dividing the population in two discrete groups of local and
non-local populations. We found that for higher acuity
(1-3) the major proportion of patients were non-locals,
but this trend reversed for acuity 4 and 5 (Table 2).
Median length of stay (in minutes) was calculated for all
encounters, and after eliminating missing and erroneous
entries it was found that overall median length of stay for
all patients was 78 minutes. Length of stay was significantly
higher for higher severity of illness, as it displayed
a decreasing trend from acuity 1 (171 minutes) to 5 (52
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Table | Population Dynamics

n Percentage
Age-group (years)
0-10 153,804 26.7
11-20 73,665 12.8
21-30 122,998 21.3
3140 101,046 17.5
41-50 48,571 8.4
51-60 31,147 5.4
61-70 22,235 3.9
71-80 12,812 22
80+ 7213 1.3
Missing 2,663 0.5
Sex
Female 261,500 454
Male 314,637 54.6
Missing 17 0.0
Nationality
Emirati 352,513 61.2
Non -Emirati 223,641 388
Acuity
| 1,948 0.3
2 21,044 37
3 242,538 42.1
4 247,365 429
5 52,181 9.1
Missing 11,078 1.9
Total 576,154 100

minutes). This difference in medians was analyzed for sig-
nificance using the Kruskal-Wallis test of significance and
found to be statistically significant (p=0, Figure 1).

A rigorous method of comparing resources utilized by
the patient versus the acuity assigned”'* by the triaging
clinician was performed to assess the accuracy of triage.
We found that for 41.6% of visits, there was an agreement
between the resources estimated and those utilized in the
ED. Among the mismatched cases, the majority were over-
triaged into a higher category (79.5%), while the rest were
undertriaged. Since this matching was done utilizing the
resource consumption of the patients, it was not possible to
conduct this evaluation for acuity levels 1 and 2. It was not
possible to assign a patient an acuity of 1 or 2 based on
resource consumption, so there were no cases of under-
triage in acuity 3. The reverse situation was seen with
acuity 5, where there were no cases of over-triaging
(Tables 3 and 4).

We applied logistic regression to ascertain the rela-
tionship between certain institutional and patient factors
with triage accuracy. While results for some factors
were not statistically significant (sex, nationality,
month of arrival, hospital-bed capacity, hospital foot-
fall), we found a positive association between severity
of illness and accuracy of triage (OR 0.14, p=0). There
was a significant correlation between patient age-group
and accuracy of triage as well, where those aged 11-20
years had the highest probability of accurate triage
acuity (R*=0.41, p=0; Table 5).

Discussion

Our study is an attempt to understand the dynamics of the
population utilizing ED services and utilization trends of
an ED-triage tool (ESI) in the UAE. Since this study was

Table 2 Acuity-Assigned Cross-Tabulations Against Age-Group and Nationality

Acuity 1 2 3 4 5 Missing Total

Age-group, years
0-10 182 3,348 56,558 74,282 16,888 2,546 153,804
11-20 85 1,050 20,652 42,316 8,765 797 73,665
21-30 246 4,175 53,124 51,990 11,267 2,196 122,998
3140 299 4,123 48,310 38,348 8,061 1,905 101,046
41-50 313 2,836 25,633 16,179 2,897 714 48,572
51-60 292 2,205 16,478 9,957 1,751 464 31,147
61-70 262 1,566 11,239 7,399 1,299 471 22,236
71-80 152 1,099 6,731 3,963 573 294 12,812
80+ 117 637 3,731 2,216 307 205 7213
Missing 0 5 82 715 373 1,486 2,661
Total 1,948 21,044 242,538 247,365 52,18l 11,078 576,154

Nationality
Emirati 410 6,814 91,061 203,371 42,752 8,105 352,513
Non-Emirati 1,538 14,230 151,477 43,994 9,429 2,973 223,641
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Median Length Of stay (minutes)

180 171

160
140 135
120
100
80
60
40

20

ml m2

102

64
52

3 m4 m5

Figure | Median length of stay for different acuity levels.|:Acuity 1,2: Acuity 2, 3: Acuity 3, 4:Acuity 4,5 :Acuity 5

conducted on the entire population presenting to EDs in
2018, it is truly reflective of population trends. The trends
of ED visits were similar to those observed in other parts
of the world. Though there was no major difference, the
greatest traffic in EDs was observed in October and the
lowest in July. This finding is consistent with findings

from other studies, 15,16

and explains seasonal and popula-
tion dynamics. Sex distribution was also similar to other
studies, where more male patients attend the ED than

female patients.'”. The most frequent visitors were those

Table 3 Agreement Between Assigned Acuity (3-5),and Triage
Accuracy(based on Resources Consumed)

in the youngest age group (0-10) followed by those in the
third (21-30) age group, while the least frequent were
elderly. According to the population pyramid of the
UAE,' the highest population concentration is aged
3040 years and those older than 80 years are much less.

Trends in service utilization between local and non-
local users were studied to understand the impact of poli-
cies on utilization behavior. In the MOHAP hospitals, any
patient who visits the ED with an acuity of 1-3 is not
charged for the visit, but they must pay a consultation
fee if their acuity is 4 or 5. The intention of this policy
is to discourage ED use for simpler ailments and divert
traffic toward primary-care facilities. The local Emirati
population is exempt from this additional charge and

n Percentage hence provides a perfect control group to study the impact
Acuity agreement of this policy. We observed that among patients with
Matched 225,386 41.6 acuity 1-3, the percentage of non-locals was higher than
Unmatched 316,698 58.4 acuity 4 and 5, where locals utilized ED services more.
Total 542,084 100 . ..
These data demonstrate that non-locals avoid ED visits
Unmatched acuity unless the condition is relatively critical/urgent. However,
Over-triage 251,933 795 there was no significant impact of nationality on the level
s sa7es 203 f triage accuracy, which reflects on the unbiased
Total 316,698 100 0 . ge accu cy, .W ch reflects o e unbiase
practices of the clinicians.
Table 4 Cross-Tabulation: Acuity and Unmatched Triage
Acuity Assigned Over-triage Under-triage Total
n Percentage n Percentage
104,761 100 0 0 104,761
147,172 72.7 55,302 27.3 202,474
5 0 0 9463 100 9,463
Open Access Emergency Medicine 2020:12 submit your manuscript 431
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Table 5 Multivariate Logistic Regression Analysis for Association
of Triage Accuracy with Independent Patient Factors

f (exponential) P R?

Acuity level

3 | 0.14

4 0.274

5 0.178 0
Age-group, years

0-10 | 0.41

11-20 0.053 0

21-30 —0.063 0

3140 —0.117 0

41-50 —0.099 0

51-60 —0.107 0

61-70 —0.087 0

71-80 —0.080 0

80+ —0.063 0

It was observed that length of stay was proportional to
seriousness of illness assigned to a patient. As acuity went
from 5 toward 1, median length of stay increased signifi-
cantly. Many other studies have analyzed this relationship
and found a positive relationship between higher acuity and
increased length of stay in the ED.'®? This is explained by
the fact that patients with higher acuity are more critical and
require more resources and time to stabilize before a decision
of admission/discharge can be taken. Several models have
been proposed to reduce this length of stay and hence redu-
cing ED crowding. We propose a further analysis of all
factors (including resource consumption) contributing to
increased length of stay in all patients and appropriate treat-
ment paths according to ESI category. Other studies have
conducted such analyses and proposed separate ED paths for
urgent versus nonurgent patients.'*=*-*

Even though the ESI was established in a different set-
ting, we were able to find results that were coherent with
guideline expectations. According to other research, 40% of
ED patients are expected to be in acuity 3, and we found this
to 42.1%.>° Some studies conducted locally have quoted
accuracy of prediction of required resources by experienced
nurses beginning as high as 58.7%. These studies were con-
ducted using 25 standard cases presented in the ESI hand-
book. In contrast, our analysis was done on more than half
a million cases as a retrospective study using automated
methods for data capture and analysis, but we were restricted
to analyzing accuracy on triage levels 3-5.%°

Before introduction of the ESI triaging system, all
ED clinicians were trained on up-to-date guidelines to

ensure proper understanding of assigned acuity (accord-
ing to clinical status) with the extent of resources the
patient would consume during their stay. After vigorous
analysis, matching between acuity assigned and total
resources consumed during ED stay was assessed to
gauge the accuracy of triage. If this was in line with
ESI guidelines,’ it was taken as the correct allocation,
but if the assigned acuity did not match the resources
consumed, it was categorized as either over- or under-
triage. Correct acuity assignment plays a pivotal role in
defining ED-treatment module, and incorrect assignment
can lead to unnecessary resource consumption and pos-
sible increased waiting time for other patients.”®%’
There have been mixed results from various studies to
have observed this level of agreement. We found that
41.6% of our patients received accurate triage acuity,
whereas the rest were not in agreement. This variation
could have been due to various factors, which calls for
further in-depth analysis to uncover them.

Further detailed analysis should look into the accu-
racy of the triage checklist (eg, vitals measurement, pain
scoring, and comorbid conditions). Literature supports
the role of nursing experience and retraining/reinforce-
ment sessions in improved performance on triage.**'
A learning-needs assessment based on ED nurses’ work-
ing experience, knowledge-base assessment, and learn-
ing competence can give an in-depth understanding of
any nursing-related factors, creating an impact on accu-
racy of triage assignment. This might also be an indica-
tion of a reinforcement of nursing training, where the
before and after mistriage rate can be compared to
evaluate refresher-training needs.

We were able to find a significant correlation between
severity of illness and accuracy of triage. We also found
that patients in certain age-groups had a higher chance of
receiving accurate triage than others. Our findings are in
line with several other studies that indicated that patients
with higher acuity are mostly more accurately triaged by
the triage clinician.’*>* Studies conducted on correlation
between age and triage accuracy have exhibited mixed
results, with some stating that the accuracy of triage is
lower in higher age-groups,®> while some studies have
stated the opposite.*®

Strengths

We present a large data cohort representing six emirates of
the UAE. The study was composed of a large case mix,
with all ages, nationalities, and all-year data. According to
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the literature, the public health sector caters to a larger
population than the private sector.’” Our study was done
retrospectively, eliminating the possibility of Hawthorne
bias. These factors make our study relevant and reliable in
the UAE context.

Limitations

Since this analysis was conducted retrospectively, we
could not assess accuracy of acuity 1 and 2. The most
recommended methods for validating the aforemen-
tioned are through inter-rater validity assessment,®®>’
which was not possible in our retrospective analysis.
Private health—sector data were not included, which
might be a preferred option for the non-local population.
It is clear from our data that less critical non-local
patients do not resort to public facilities. There might
be an impact of the patient’s socioeconomic status on
service preference and urgency of care,*® but this was
beyond the scope of our study.

Conclusion

Our study is the first of its kind in the UAE region, and
was conducted on a very large population from the
country. It reflects on ED-utilization trends and
dynamics for a very large population cohort residing in
the UAE. We found a statistically significant increase in
length of stay with increasing severity of illness. This
can lead to further analysis of the types of illness and
introduction of specific fast tracks for early admission of
these patients. We found that the accuracy of triage was
higher for more serious patients and certain age-groups.
We propose further studies and targeted interventions to
address those groups with lower accuracy and to scale

up this practice further.
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