World J Emerg Med, Vol 10, No 4, 2019 215

Original Article

Comparison between Emergency Severity Index and
Heart Failure Triage Scale in heart failure patients: A
randomized clinical trial

Ahmad Pouyamehr', Amir Mirhaghi’, Mohammad Davood Sharifi’, Ali Eshraghi*

" Nursing and Midwifery Care Research Center, Mashhad University of Medical Sciences, Mashhad, Iran

? Department of Medical-Surgical Nursing, School of Nursing and Midwifery, Mashhad University of Medical Sciences,
Mashhad, Iran

7 Department of Emergency Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

* Department of Cardiology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

Corresponding Author: Amir Mirhaghi, Email: mirhaghi@mail.com

BACKGROUND: [t is not clear whether Emergency Severity Index (ESI) is valid to triage heart failure
(HF) patients and if HF patients benefit more from a customized triage scale or not. The aim of study is to
compare the effect of Heart Failure Triage Scale (HFTS) and ESI on mistriage among patients with HF who
present to the emergency department (ED).

METHODS: A randomized clinical trial was conducted from April to June 2017. HF patients
with dyspnea were randomly assigned to HFTS or ESI groups. Triage level, used resources and
time to electrocardiogram (ECG) were compared between both groups among HF patients who
were admitted to coronary care unit (CCU), cardiac unit (CU) and discharged patients from the ED.
Content validity was examined using Kappa designating agreement on relevance (K*). Reliability of
both scale was evaluated using inter-observer agreement (Kappa).

RESULTS: Seventy-three and 74 HF patients were assigned to HFTS and ESI groups
respectively. Time to ECG in HFTS group was significantly shorter than that of ESI group (2.05 vs.
16.82 minutes). Triage level between HFTS and ESI groups was significantly different among patients
admitted to CCU (1.0 vs. 2.8), cardiac unit (2.26 vs. 3.06) and discharged patients from the ED (3.53
vs. 2.86). Used resources in HFTS group was significantly different among triage levels (H=25.89;
df=3; P<0.001).

CONCLUSION: HFTS is associated with less mistriage than ESI for triaging HF patients. It is
recommended to make use of HFTS to triage HF patients in the ED.
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INTRODUCTION

Heart failure (HF) is a chronic and debilitating
disease that is associated with significant morbidity and
mortality."*! Also, delay in providing care to patients
with HF is significantly associated with increased
morbidity and mortality.””! Mistriage is one of the most
important reasons of delay in providing care in the ED."
Therefore, it is essential that clinicians be well oriented
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about HF.”! Fazel-Asgharpour et al"'” and Sanders et
al'"!l showed that 1.4% of HF patients was undertriaged.
They showed that 1-day and 7-day mortality rate is
1.4% and 6.3% of patients who had been assigned to
triage level 3 to 5, respectively. Also, it is argued that
the Emergency Severity Index (ESI) may not be able to
properly identify patients who present with chest pain.
It may be due to a significant limitation that imposed by
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general criteria for triage of all types of patients in ESL.!"”

General criteria may not be helpful to correctly identify
subgroups of patients such as HF. HF patients take beta
blockers and antihypertensive drugs that complicates
interpretation of ESI vital signs criteria for HF patients.
In addition, “high-risk situation” criteria mentioned in
the second decision point of ESI is strictly dependent on
the triage nurse’s ability to find a connection between the
patient’s condition and heart failure trajectory. Sanders
et al'" reported emergency nurses take care of patients
with various probabilities of disease, so they may not be
highly knowledgeable about HF risk factors particularly.
It seems that there is a need for well oriented scales for
HF patients in the ED. Hence, it is very important to know
whether triage scales stratify HF patients valid and reliable
or not. Considering the above-mentioned points, there is a
significant gap in the quick identification of HF patients in
the ED, so HF patients suffer from significant mistriage. As
such, it seems that developing a well oriented triage scale for
patients with HF is one of the strategies to reduce undertriage
rate. Therefore, the aims of study were to develop HF triage
scale (HFTS) including validity and reliability assessment,
and to compare the effect of HFTS and ESI on mistriage
among patients with HF who present to the ED.

METHODS

The study has been conducted from April to June
2017. It was designed as a randomized clinical trial with
a 6-hour follow-up to obtain short-term outcomes. The
effect of HFTS and ESI on mistriage of HF patients
in the ED was compared. The intervention group was
composed of patients on whom the HFTS was conducted.
The control group was composed of patients on whom
the ESI (version 4) was conducted.

Ethics

This study was conducted with the permission of the
Ethics Committee of Mashhad University of Medical
Sciences (IR.MUMS.REC.1395.323). Furthermore, the
informed consent was obtained from patients in the ED.
The study was registered at Iranian Registry of Clinical
Trials (IRCT2017050433807N1).

Setting

The study has been conducted in the Farabi Hospital
(Mashhad, Razavi Khorasan). Four registered nurses
were allocated to triage room during weekdays.

Design
The patients with chief complaint of dyspnea who
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presented to the ED were included if they had either
history of hypertension or hospitalization due to cardiac
problems. Included patients were randomly assigned to
intervention (HFTS) and control (ESI) groups by pre-
prepared randomized cards. Sampling was conducted
over weekdays except night shift. A reduction in number
of physicians and nurses takes place in the night shift,
so we excluded the night shift. Triage nurses were
unaware of each other’s decisions in both groups. The
age, gender, vital signs (blood pressure [BP], pulse rate
[PR], respiration rate [RR], oxygen saturation [SpO,]),
triage level and clinical outcomes (number of used
resources, ED admission, cardiac unit [CU] admission,
coronary care unit [CCU] admission and ED discharge)
were recorded during the first 6 hours of hospitalization
in the ED. The time to first electrocardiogram (ECQG),
oxygen therapy and physician visit were recorded. The
patients were excluded if (i) they were not diagnosed
with HF by the cardiologist; (ii) they were transferred
to the other hospital; and (iii) patients with incomplete
documents.

Development of HFTS

Literature was searched in order to retrieve significant
clinical manifestations of short-term mortality among
HF patients in the emergent care. Twelve studies were
identified."”**! Extracted clinical manifestations were
organized into 4 triage levels based on risk or odd ratio.
The preliminary HFTS was examined by expert panel
including emergency medicine, cardiologist and cardiac
nursing. Content validity (relevance) was examined
based on Polit et al.”* The scale to assess item content-
relevance was labeled as 1 = not relevant, 2 = somewhat
relevant, 3 = quite relevant and 4 = highly relevant. The
item content validity index (I-CVI) was calculated as
the number of individuals in the expert panel giving a
score of either 3 or 4, divided by the number of experts.
Probability of a chance occurrence (Pc) was calculated
using:

Pc=[N!/A! (N - A)!] x 0.5N; N=number of experts;
A=number agreeing on relevance.

Kappa designating agreement on relevance (K*) was
computed using:

K*=(I-CVI - Pc)/(1 - Pc)

A minimum K* of 0.74 must be met to keep item in the
HFTS." The reliability of the triage scale was investigated
using the Kappa Statistic.””’ The reliability of the ESI has
been studied in literature. A meta-analysis showed that
the kappa coefficient of reliability was substantial 0.791
(95% confidence interval: 0.787-0.795) for ESL.”® Two
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triage nurses simultaneously triaged 10 patients to examine
reliability of triage scales (ESI and HFTS).

Triage scales

HFTS is composed of 4 decision points. Basic
criteria, high-risk criteria, ECG criteria and low-risk
criteria help triage nurses to categorize HF patients into
level 1, 2, 3 and 4 respectively (Figure 1). ESI triage
scale is based on the patient’s acuity and used resources
in the ED.”" It is 5-point Likert scale to stratify patient’s
risk in triage room. ESI level 4 and 5 were merged into
one category (level 4) in the current study. Level 4 is
defined as in need of 1 resource or less.

Statistical analysis
The descriptive data were expressed as mean, standard
deviation (SD) and percentage. The independent #-test,

A) Basic criteria
- Severe shortness of breath (unable to count or speak)
- 8 > Respiration> 30
- Sp0O, < 85%
- NYHA Functional Class: IV
45 > Pulse > 100

Man-Whitney U and Kruskal-Wallis statistics compared
variables between the two groups. The SPSS 16.0
statistical software package (SPSS Inc., Chicago, IL, USA)
was used. Mistriage was defined by expert panel. It does
consist of undertriage and overtriage rate. Undertriage was
defined as a percentage of CCU patients who had received
triage level 3 or 4 plus a percentage of CU patients who
had received triage level 5. Overtriage was defined as a
percentage of discharged patients who had received triage
level 1 or 2 plus CU patients who had received triage
level 1 in the current study. Post hoc power analysis based
on mean difference of triage levels showed that power is
greater than 0.80 in CCU, CU and discharged patients.

RESULTS
Two patients in the HFTS group died. Six patients

- SYS BP < 90 mmHg

- Ejection fraction < 20%
- Age > 85 years old
-BMI<I5

- Renal failure

- Pre-hospital transfer

No

B) High-risk criteria
- Moderate shortness of breath (unable to complete a sentence:
must take 2 or 3 breaths in the sequence of counting to 15)
- Crackle
- 110 mmHg> SYS BP > 90 mmHg

- NYHA Functional Class: 111

- 35% > Ejection fraction > 20%

- 85 years old> Age > 75 years old

- Diabetes mellitus, untreated by Beta-blocker, renal insufficiency,
implantable cardioverter-defibrillator

No

Y

C) Low-risk criteria
- Mild shortness of breath (easy talking & just feeling: can count
to 15 but must take one short breath in the sequence)
- Exertional dyspnea, paroxysmal nocturnal dyspnea, orthopnea,

Yes
10
Yes
Yes
D) ECG (14)

- ST elevation > 1 mm in the 2 or more leads
- ST depression > 0.5 mm in the 2 or more leads
- T invert > 1 mm in the 2 or more leads with non-dominant

Yes

elevated jugular vein presure, pedal edema, the third heart sound

- Male, smoking, COPD, dementia, ischemic heart disease, heart
failure>18 months, untreated by (ACEI/ARB), liver disease, CVA,
cancer, hypercholesterolemia, hypertension

[~
(D

Figure 1. Heart failure triage scale.

Y

- Ventricular arrhythmia
- Atrial fibrillation

R wave
l No

- Left bundle block
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left ED against medical advice. Of the remaining 151
patients, 4 patients were excluded from the study (3 in
HFTS, 1 in ESI) because of final diagnosis other than
HF. Therefore, analysis was performed on 147 patients,
73 in HFTS and 74 in ESI. Baseline characteristics of the
study population are shown in Tables 1 and 2.

Triage level that was assigned to CCU, CU and
discharged patients from the ED was presented in Figure
2. Overalls, undertriage rate was 0.0% and 20.5%;
overtriage was 1.4% and 5.5% and correct triage was
98.6% and 74% for HFTS and ESI, respectively. Chi-
square showed a significant difference of mistriage
between groups (Z=19.371; df=2; P=0.001). In details,
overtriage and undertriage among CCU, CU and
discharged patients were 0.0%, 3.3%, 0.0% and 0.0%,
0.0%, 0.0% in HFTS group, respectively. Overtriage and
undertriage among CCU, CU and discharged patients
were 0.0%, 6.9%, 6.9% and 86.6%, 6.9%, 0.0% in ESI
group, respectively.

Mean triage level was compared between HFTS and

ESI groups among CCU, CU and discharged patients
from the ED. Triage level was significantly different
between HFTS and ESI groups (U=2227.5; P<0.002) in
regard to patients admitted to CCU (U=7.5; P<0.001),
cardiac unit (U=162.5; P<0.001), discharged patients
from the ED (U=182; P<0.001) (Table 2).

In HFTS group, used resources was significantly
different among triage levels (H=25.89; df=3; P<0.001)
(Figure 3). On contrary, there was no significant difference
among triage levels in ESI group (H=3.415; df=3; P=0.332).
Except for discharged patients (U=404; P<0.001), used
resources between HFTS and ESI patients was significantly
different among patients admitted to CCU (U=47; P<0.006)
and CU (U=162.5; P<0.001) (Table 2).

Four triage nurses in ESI group and two triage nurses
in HF group triaged patients. Mean nurses’ experience in
the ED was 6 years for the ESI group and 7 years for the
HFTS group. The kappa coefficient of reliability between
nurses in HFTS group and ESI group was almost perfect,
0.82 and 0.80 respectively. Kappa (K*) ranged from 0.80

Table 1. Comparison of baseline characteristics between HFTS and ESI groups

Characteristics All HFTS ESI P value
Age (years) 62.53+18.4 61.90+12.68 63.15+13.57 0.556
Gender male, 1 (%) 65 (41.9) 37 (23.9) 28 (18.1) 0.085
Mode of arrival; walking, n (%) 151 (97.41) 74 (47.74) 77 (49.67) 0.56
Triage level 2.69+0.90 2.45+1.05 2.92+0.63 0.001
Level I 23 18 5 0.001
Level I 23 21 2 0.001
Level 111 90 23 67 0.001
Level IV 19 15 4 0.001
Used resources 3.89+1.41 4.29+1.58 3.50+1.11 0.001
Level I 5.43£1.72 5.83£1.68 4.00+1.00 0.032
Level I1 4.39+1.26 4.42+1.28 4.00+1.41 0.659
Level 111 3.54+1.11 3.69+1.06 3.49+1.13 0.453
Level IV 3.10+0.93 3.20+£1.58 2.75+0.50 0.409
Discharge, n (%) 58 (37.4) 28 (18.1) 30 (19.4) 0.060
Cardiac unit, n (%) 59 (38.1) 30(19.4) 29 (18.7) 0.060
CCU, n (%) 30(19.4) 15(9.7) 15(9.7) 0.060
Death, n (%) 2(1.3) 2(1.3) 0(0) 0.060
Leaving against advise, n (%) 63.9) 2(1.3) 4(3.9) 0.060
Triage time (minutes) 2.50+0.71 2.89+0.64 2.11+0.64 0.001
Time to ECG (minutes) 9.48+10.26 2.05+0.55 16.82+10.03 0.001
Time to O, therapy (minutes) 20.00+£14.37 18.61£15.74 21.38+12.84 0.001
Time to physician visit (minutes) 17.54+14.46 17.49+16.07 17.58+12.78 0.967
Time to cardiologist visit (minutes) 121.23+80.59 105.59+74.96 136.66+83.42 0.16
Systolic BP at triage (mmHg) 121.51+19.44 119.18+23.09 123.82+14.78 0.024
Diastolic BP at triage (mmHg) 80.10+12.98 77.84+12.12 82.33+13.48 0.031
Heart rate at triage (beats/minute) 87.60+£19.98 89.02+23.00 86.20+£16.48 0.382
Respiratory rate at triage (per minute) 18.23£2.72 18.29+2.66 18.17+2.80 0.787
O, saturation at triage (%) 94.25+5.02 93.97+4.70 94.52+5.33 0.496
Table 2. Comparison of patients’ characteristics between HFTS and ESI groups in regard to status of admission
Paramaters All HFTS ESI P value
Used resources
Discharged patients (28:30)* 3.43+0.97 3.46+1.03 3.40+0.93 0.804
CU patients (30:29) 3.86+2.66 4.30+1.23 3.40+1.15 0.001
CCU patients (15:15) 4.90+1.51 5.60£1.59 4.20+1.08 0.009
Triage level
Discharged patients (28:30) 3.18+0.60 3.53+0.50 2.86+0.50 0.001
CU patients (30:29) 2.60+0.77 2.26+0.52 3.06+0.79 0.001
CCU patients (15:15) 4.90+1.51 1.00+0.00 2.80+0.56 0.001

*number of patients in HFTS group:number of patients in ESI group.
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to 1. Therefore, no item was removed from preliminary
HFTS. Finally, 42 items were retained in the HFTS
(Figure 1).

DISCUSSION
The HFTS had significantly less mistriage than

the ESI. The mean triage level of CCU patients was
significantly different between the two groups (1 vs. 2.8).
Also, 86.66% of the patients who were triaged by ESI
and were hospitalized in CCU were assigned to triage
level of 3 or higher. On contrary, no CCU patients who

35 4
30 A
25 1
20 1

15 1

10 1

HFTS ESI HFTS ESI
CCU Discharge
M Level 1 O Level2 M Level3 O Level 4

Figure 2. Distribution of triage levels according to triage groups and
status of admission.

HFTS ESI
Cardiac

7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5

3.0

2.5

Triage level 4  Triage level 3 Triage level 2

HFTS ESI

Figure 3. Mean used resources according to triage groups and triage
levels.

Triage level 1

was triaged by HFTS received triage level 3 or higher.
These findings indicated that undertriage in the ESI group
is remarkable (86.66%). This may be due to the fact
that the high risk criteria have been briefly mentioned
in the second decision point of HFTS and so the nurses
can easily refer to them in order to recognize high-risk
patients. On the other hand, high risk criteria cited on the
ESI are dependent on nurses’ knowledge of HF, resulting
in a significant discrepancy in triage decisions. In this
regard, Bergs et al”®™ showed that the majority of the
mistriage occurred on the ESI level 2 was undertriage.
Mirhaghi et al*” showed that high risk criteria in the ESI
may be misinterpreted by triage nurses. This can lead to
an increased rate of undertriage in ESI triage system.

In this line, the mean triage level of CU patients
was significantly different between the two groups (2.26
vs. 3.06). Almost seven percent of the CU patients in
ESI group had been undertriaged comparing to no one
in HFTS group. Undertriage rate is inconsistent due to
the substantial heterogeneity in patient case mix and
triage scales among studies. Kamrani et al”®” reported
undertrage rate of 23.7% and also Storm-Versloot et
al® reported the undertriage rate of 14%. Both studies
used general case mix of patients in ESI triage system
and calculated undertriage rate based on expert panel
opinion. van der Wulp et al””' used Canadian Triage
and Acuity Scale (CTAS) to triage HF patients and
calculated undertriage rate based on 1-day and 7-day
mortality in the ED. They showed that 1.4% to 6.3% of
HF patients were undertriaged. Therefore, it is expected
that undertriage rate rises dramatically when expert panel
opinion was used to compute because inter-observer
heterogeneity between expert panel and triage nurses
may increase the undertriage rate. In the current study,
final disposition was used to calculate undertriage rate,
so it may overestimate the undertriage rate among HF
patients.

The mean triage level of patients who were discharged
from the ED (up to 6 hours) was significantly different
in the two groups (3.53 vs. 2.86). About 53.5% of
patients in HFTS group received triage level 4, while no
discharged patient in ESI group was assigned triage level
4. In fact, it can be said that the ESI does not allow HF
patients to be assigned to triage level 4 or 5 even if they
are not severely ill because these patients usually need
more than one resource during their admission to the
ED. These results also indicate that the rate of overtriage
is higher in the ESI than the HFTS. This was due to the
fact that it was expected that part of discharged patients
might be placed on the triage level 4. It should also be
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noted that 6.6% of discharged patients in ESI received
triage level 2 (overtriaged). It indicates that high risk
criteria decision point in ESI is not reliable and valid to
triage HF patients.

The mean used resources must be associated with
triage level in the ED. A valid triage scale predicts higher
number of used resources for most seriously ill patients.”"
The used resources were significantly different among
triage level in HFTS. On the other hand, there was no
significant difference in the used resources among triage
levels in patients who have been triaged by the ESI. It
is worth mention that the mean used resources of level
2 was 4.5, which was lower than the other triage levels
in the ESI group. This indicates that high-risk criteria
in the ESI level 2 do not give sufficient understanding
to correctly identify high risk patients in the ED. It is
worth mentioning that CCU patients used more resources
rather than CU and discharged patients, indicating that
cardiologists’ decisions on patients’ final disposition is
valid and associated strongly with HFTS triage levels
under blinded conditions. These findings suggest that
HFTS may be enable to increase agreement between
nurses and cardiologist.

A large number of HF patients who presents to the
ED are unlikely to develop acute changes in their vital
signs and, as a result, nurses may place them on the
ESI triage level 3. However only BP was significantly
different between ESI and HFTS groups, and mean vital
signs was in normal range in overall (Table 1). On the
other hand, the high-risk criteria of the HF on the ESI are
unclear. In addition, there is no possibility to put the HF
into ESI triage level 4 and, thus, the patients accumulate
on ESI triage level 3. Therefore, it is very important to
note that the HF patients may have more different fate in
relation to the triage scales than other diseases.

Limitations

There were several limitations in this study. Although
the reliability of nurses’ decisions was almost perfect in
both groups, triage nurses may be regarded as a part of
the difference in outcome. The triage nurses had more
than 5 years of experience in the ED and they were
unaware of nurses’ decisions in the comparison group.
Chi-square analysis showed a significant difference
between triage level (1 and 2 vs. 3 and 4) and HR (>100
vs. <100) in ESI group, meaning that patients with
HR>100 was regularly assigned to triage level 1 or 2 and
vice versa (P<0.001). This shows that the probability
of bias in triage decisions is not significant because
decisions were strictly made based on ESI protocol.
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To be comparable, ESI level 4 and 5 were merged into
one category (level 4) in the current study, because HF
patients usually need more than two resources when
they come to the ED and besides they are rarely assigned
to the level 4 or 5. We did not have any patients who
must be assigned to the level 5. Therefore, it cannot be a
source of bias in the current study.

CONCLUSION

HFTS is associated with less mistriage than ESI
for triaging HF patients because it helps clinicians to
correctly identify high risk patients with HF. The ESI
was unable to distribute HF patients across triage levels,
resulting in accumulation of HF patients in ESI triage
level 3 because high risk criteria in the second decision
points is ambiguous and triage level 4 and 5 do not work
for the majority of HF patients. The HFTS can provide
more information for triage nurses to know HF patients
better in the ED. Conclusively, it is recommended to
make use of HFTS to triage HF patients in the ED.
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