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Observer agreement of the Manchester Triage
System and the Emergency Severity Index: a

simulation study

M N Storm-Versloot,"” D T Ubbink,? VV Chin a Choi," J S K Luitse'

ABSTRACT

Objectives: To compare inter and intra-observer agree-
ment of the Manchester Triage System (MTS) and the
Emergency Severity Index (ESI).

Methods: 50 representative emergency department (ED)
scenarios derived from actual cases were presented to 18
ED nurses from three different hospitals. Eight of them
were familiar with MTS, six with ESI and four were not
familiar but trained in both systems. They independently
assigned triage scores to each scenario according to the
triage system(s) they were familiar with. After 4—6 weeks
the same nurses again judged the scenarios in a different
order. Unanimity in judgement and unweighted and
quadratic-weighted kappas were calculated.

Results: Unanimity in judgement for MTS was 90% and
for ESI 73%. One-level disagreement was found in 8% and
23% of the cases, respectively. Interobserver unweighted
kappas were 0.76 (95% CI 0.68 to 0.83) for MTS and 0.46
(95% Cl 0.37 to 0.55) for ESI. Quadratic-weighted kappas
were 0.82 (95% Cl 0.74 t0 0.89) and 0.73 (95% Cl 0.64 to
0.83), respectively. At 4-6 weeks, one-level intra-
observer disagreements were 10% and 22% and 2-level
disagreement 1% and 2%, respectively. Intra-observer
unweighted kappas were 0.84 (95% Cl 0.73 to 0.94) for
MTS and 0.65 (95% CI 0.59 to 0.72) for ESI.
Conclusion: Using paper-based clinical scenarios, MTS
was found to have a greater inter and intra-observer
agreement than ESI.

Because the demand for emergency services out-
paces available resources, emergency department
(ED) triage systems face increasing scrutiny.
Longer waits for care make the use of reliable,
valid triage systems imperative to patient safety.
Triage is defined as the initial clinical sorting
process in hospital ED. ED generally use some form
of triage, either formal or informal, in order to
assess the patient’s clinical needs and priority of
care." Informal triage systems rely on intuition and
clinical experience of the ED nurse and decisions
made cannot be tested afterwards. Formal triage
systems offer more transparency,” ® but depend on
its reliability. This is usually expressed by means of
a weighted kappa statistic. However, unanimity in
judgement is rarely mentioned, which best illus-
trates triage uniformity.

Worldwide, four formal, five-level triage systems
exist. In The Netherlands, these four systems have
been critically appraised by the Dutch National
Institute of Quality Control in Healthcare (CBO).
Only the Manchester Triage System (MTS) and
the Emergency Severity Index (ESI) were found to

be applicable in our country.” Therefore, both other
systems are not in use in The Netherlands.

MTS comprises 52 flowcharts based on patient
complaints. The presenting complaint is indicative
of the severity and defines which flowchart is to be
followed. Each flowchart is based on a five-step
decision process that uses discriminators at each
step to assign patients to one of the five triage
levels.*® Although existing literature does not
allow evaluation of validity, under and overtriage,
and interobserver agreement of this system,® the
CBO has adopted MTS in the current guideline on
triage at the ED.?

ESI uses one algorithm, with ratings ranging
from level 1 (the most acutely ill patients) to level 5
(the least resource-intensive patients). For patients
not meeting ESI level 1 or 2 criteria, the triage
nurse estimates the number of resources needed to
discharge the patient from the ED.” The resource
usage was shown to correlate well with the
different triage levels,'”"” and showed a high
interobserver agreement with quadratic-weighted
kappas of 0.68-0.89.1° ' '#7

Both MTS and ESI seem to be useful,” but no
studies have compared the diagnostic validity and
reliability of these systems. In this study, we
focused on the reliability of both systems. We
determined and compared the inter and intra-
observer agreement by investigating judgement
unanimity and the agreement of both triage
systems with a reference standard.

METHODS

Study design, setting and population

This comparative clinical survey was performed at
the Academic Medical Center (AMC) and Onze
Lieve Vrouwe Gasthuis (OLVG) in Amsterdam and
the Medical Spectrum Twente (MeSpTw) in
Enschede, The Netherlands. The AMC is an urban
tertiary care university hospital with a level 1
trauma centre. The ED sees almost 31 000 patients
annually. The overall admission rate is approxi-
mately 18%. Approximately 16% of the patients
are younger than 16 years. For triaging patients,
ED nurses use an informal system.

The OLVG is an urban teaching hospital with a
level 2 trauma centre and approximately 42 000 ED
visits a year. The admission rate is approximately
10% and about 16% of the patients are younger
than 16 years.” Since 2003, ED nurses trained in
ESI use this system for triaging their patients.

The MeSpTw is an urban teaching hospital with
a level 1 trauma centre in the east of The
Netherlands with almost 32 000 ED visits a year
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at two locations. The admission rate is approximately 20%, but
the number of patients younger than 16 years is not known.
Since 2003, ED nurses trained in MTS use this system for
triaging their patients.

Methods of measurement

Between November and December 2005, a total of 900 ED cases
were prospectively collected at the AMC. For the purpose of
triaging the patients according to MTS and ESI, six ED nurses
received a 6-h combination of didactic and practical training for
each system according to national standards. At random days of
the week, between 12:00 and 22:00 hours, all consecutive
patients entering the ED were triaged. Patients who were
triaged by the ambulance staff before presentation at the ED
and who met the criteria for treatment in the shock room
according to current guidelines were not triaged again, but were
classified as “red” (MTS) or “level 1" (ESI) patients. All patients
gave oral informed consent for the study as the ethics review
board waived the requirement for written informed consent.

Based on the 900 triaged patients, the distribution of the
urgency levels was assessed. According to this distribution a
representative sample of 50 cases was chosen. These cases were
converted into written patient scenarios, using the documented
triage notes and ED forms and checked by three nurses from the
other contributing centres for comprehensible interpretation,
missing data and feasible judgement. Scenarios included age and
gender, chief complaint, patient’s appearance, pain as expressed
by the patient and scored by the nurse, history of presenting
illness and vital signs such as pulse rate, blood pressure,
temperature and oxygen saturation if appropriate. An example
is given in box 1.

For MTS, the scenario writer assigned an urgency level to
each scenario. Two independent expert nurses from the
MeSpTw did the same. Disagreement existed in three out of
50 scenarios. These were adjudicated by another nurse. The
final judgement was regarded as the reference standard. For ESI
levels 1 or 2, the reference standard was determined by signs of a
critical condition of the patient using the flowchart. For the
remaining levels the actual ED resources used (laboratory
testing, ECG, radiology, speciality consultations, intravenous
fluids or hydration, intravenous or intramuscular medication,
simple and complex procedures).

Eight ED nurses of the MeSpTw assigned urgency levels to
the 50 patient scenarios using MTS, six ED nurses of the OLVG
using ESI and four ED nurses of the AMC using both systems.
No discussion was allowed during the assignment. The same
judging procedure was repeated with the same scenarios in a
different order after an interval of 4-6 weeks. The nurses were
kept unaware of their own original assignment and were not
allowed to discuss their assignments. This was achieved by
supervising the nurses during the assignment sessions.

Box 1 Example of an ED patient scenario

A 76-year-old man is transported by ambulance to the ED.
Yesterday evening he collapsed at home and according to his wife
he did not want to get up. The whole night she spent with him on
the floor. His consciousness was diminished. He was aphasic and
had a paresis of his right arm. His vital signs were heart rate 116
beats/minute, blood pressure 111/73 mm Hg, body temperature
38.4°C.
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Data analysis
Inter and intra-observer agreement was calculated using AGREE
version 7 (Scienceplus Group, Groningen, The Netherlands), a
software program dedicated to calculate kappa values. Kappa
values lie between —1 and 1. A kappa value of above 0.8 is called
“very good”, between 0.8 and 0.6 “good”, between 0.6 and 0.4
“moderate” and below 0.4 “poor”.” To assess inter and
intraobserver agreement among ED nurses and the agreement
with the reference standard, pairwise kappa values were
calculated, computing an unweighted and quadratic-weighted
group kappa for several fixed observers.”*" The group kappa
gives a measure of average agreement between all the pairs in
excess of chance.” Differences in group kappa values between
the hospitals as well as between less or more than 5 years ED
experience in the MeSpTw hospital were calculated with Agree.

Because of possible shortcomings of kappa statistics,” ** we
also assessed the unanimity of judgements for the first
judgement. This was defined as the percentage of scenarios
given the same urgency level by all observers and the total
number of judgements by all observers given the same urgency
level.

Differences in nurse characteristics were analysed using SPSS
version 12.

RESULTS

The mean age of all nurses was 39 years (SD 6.7). They had a
mean of 9 years (SD 6.1) of ED experience. Nurse characteristics
did not differ significantly among the hospitals, except for triage
experience: Nurses from the OLVG and MeSpTw had 3 years of
triage experience, whereas those of the AMC had none.

MTS scores as given by all observers were unanimous in 23
(46%) of all 50 scenarios; ESI scores in only five (10%) of all
scenarios. A one-level urgency disagreement with respect to the
triage classification according to MTS occurred in 22 (44%)
scenarios and in 34 (68%) scenarios judged by ESI. Two-level
disagreement occurred in five (10%) and nine (18%) scenarios,
respectively. Three-level disagreement occurred in two (4%)
scenarios, but only when using ESI.

In total, 594 (99%) of the 600 (50 scenarios judged by 12
nurses) urgency levels were obtained according to MTS and 498
(99%) of the 500 (50 scenarios judged by 10 nurses) according to
ESI. A total of 534 (90%) of MTS-judged urgency levels were
unanimous and 363 (73%) of ESI judgements. One-level
disagreement occurred in 49 (8%) and 113 (23%) of the
judgements, respectively, and two-level disagreements in 10
(2%) and 20 (4%).

Interobserver agreement by using the unweighted kappa was
better with MTS and with more triage experience using MTS,
but disappeared using the weighted kappa (table 1). For MTS no
differences were found in years of ED experience.

Because one of the AMC nurses did not perform a second
judgement, intra-observer analysis was calculated for 11 and
nine nurses, respectively. Overall agreement between the first
and second judgement was 89% for MTS (table 2) and 75% for
ESI (table 3). Nearly all disagreements occurred within one level
for both systems. Intra-observer agreement followed the same
trend as interobserver agreement (table 4).

Compared with the reference standard, a 5% undertriage rate
was found using MTS and 13% using ESI. For MTS (dis)agree-
ment between the ED nurses’ judgements and the reference
standard followed the same trend as the intra and interobserver
agreement (table 5). For ESI, agreement was lower than the
intra-observer agreement, but the majority of disagreements
was still within one level (table 6).
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Table 1
MeSpTw, based on the first judgement

Interobserver agreement for MTS and ESI, for each hospital and experience level of ED nurses at the

Unweighted kappa
(95% CI)

Quadratic-weighted kappa

(95% CI)

MTS (n = 12)
MeSpTw (n = 8)
<5 years experience
>b years experience

AMC (n = 4)
ESI (n = 10)

OLVG (n = 6)

AMC (n = 4)

0.76* (0.68 to 0.83)
0.857 (0.77 to 0.93)
0.87 (0.78 to 0.96)
0.81 (0.71 to 0.91)
0.607 (0.48 to 0.73)
0.46* (0.37 to 0.55)
0.48 (0.38 to 0.57)
0.41 (0.30 to 0.53)

0.82 (0.74 to 0.89)
0.87 (0.79 to 0.95)
0.90 (0.81 to 0.99)
0.84 (0.73 to 0.95)
0.74 (0.63 to 0.85)
0.73 (0.64 to 0.83)
0.75 (0.65 to 0.84)
0.72 (0.61 to 0.83)

*Significance level p<<0.05, between Manchester Triage System (MTS) and Emergency Severity Index (ESI); fsignificance level

p<0.05, between Medical Spectrum Twente, Enschede (MeSpTw) and Academic Medical Centre, Amsterdam (AMC). ED,
emergency department; OLVG, Onze Lieve Vrouwe Gasthuis, Amsterdam.

Limitations

The limitations of our study are in the first place the use of
standardised and abstracted case scenarios. Case scenarios are
artificial, because they do not show the non-verbal clues from
the live interview. Therefore, we used prospectively triaged
patients and kept subjective information and physical appear-
ance in the scenarios. Intra-observer reliability can only be
determined if the first and second judgements are based on
identical information, as only scenarios can provide.

Second, the strategy for selecting the reference standard was
different for both triage systems. Both systems have a different
conceptual foundation. We therefore used the judgement of
expert ED nurses as reference standard for MTS in order to
determine if the system was used correctly. In contrast, ESI not
only scores patient urgency, but also required resources.
Therefore, we determined the resources actually used. The
number of resources needed depends on local hospital standards.
Because of the close collaboration and similarity (patient
population, emergency physician training, protocol use and
available facilities) between AMC and OLVG hospitals this is
not a likely confounder. For the purpose of this study we did
not want to compare the diagnostic validity of both systems
when the same reference standard should be used.

Third, we did not include level 1 urgency patients. The
majority of these patients are already triaged before arrival at
the hospital by ambulance staff and are transported directly to
the shock room. Moreover, the inclusion of these level 1 cases
would have overestimated the kappa values found in each triage
group without altering differences between the two groups.

Fourth, the number of observers judging the scenarios in the
AMC was rather small. Therefore, the difference in MTS scores
found between the hospitals for inter and intra-observer
agreement may have occurred due to outliers in the AMC. We

Table 2 MTS: comparison of ED nurses’ triage judgements between
the first and second judgement

did not exclude these outliers, because it reflects actual clinical
practice. For ESI, we did not find these effects.

Finally, we used the first version of the MTS and the third
version of the ESI, although presently an updated version of
both systems exists. At the time of the study, these versions
were not available for Dutch hospitals.

DISCUSSION

By means of written case scenarios, we found the MTS to show
a high degree of triage unanimity and a good agreement among
ED nurses and when compared with a reference standard. For
the ESI, the degree of unanimity was lower, but differences
were usually not larger than one urgency level.

Our study is the first to compare triage agreement by means
of MTS and ESI while distinguishing ED nurses with and
without triage experience. Most studies on agreement only
report the quadratic-weighted kappa, if at all specified, but
rarely exact agreement or unanimity. Unanimity results are
more conservative, while weighted kappa values appreciate near
disagreement. This seems right for the lower urgency levels, but
a one-level difference in the higher urgency levels can delay
treatment, which is potentially dangerous to the patient. We
did report weighted kappa values to allow comparison between
our results and those from other studies.

Few studies report the agreement between triage judgements
by ED nurses and a reference standard, mostly based on case
scenarios. Our results for ESI are comparable with existing
literature, showing good weighted kappa values, ranging from
0.68 to 0.89."' %Y Few studies focus on MTS, but an
unweighted kappa of 0.60 for the inexperienced hospital in
our study matches a value of 0.63 as reported in the guideline on
triage.”> The remaining kappa values we found were much
better.

Table 3 ESI: Comparison of ED nurses’ triage judgements between the
first and second judgement

ED nurse: ED nurse: first judgement " ED nurse: first judgement

second ED nurse:

judgement Red Orange Yellow  Green Blue Total judgement Level 1 Level 2 Level 3 Level4 Level5  Total
Red 1 2 0 0 0 3 Level 1 0 0 0 0 0 0
Orange 0 107 5 1 0 113 Level 2 0 90 9 2 1 102
Yellow 0 5 173 19 2 199 Level 3 0 1 132 10 4 157
Green 0 3 10 195 5 213 Level 4 0 1 26 31 22 80
Blue 0 0 1 6 9 16 Level 5 0 1 2 21 84 108
Total 1 17 189 221 16 544 Total 0 103 169 64 111 447

Overall agreement Manchester Triage System (MTS): 485/544 (89.2%); one-level
disagreement: 52/544 (9.6%); two-level disagreement: 7/544 (1.3%). ED, emergency
department.
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Overall agreement Emergency Severity Index (ESI): 337/447 (75.4%); one-level
disagreement: 99/447 (22.1%); two-level disagreement: 9/447 (2.0%); three-level
disagreement: 2/447 (0.4%). ED, emergency department.

Emerg Med J 2009;26:556-560. doi:10.1136/em].2008.059378


http://emj.bmj.com

Downloaded from emj.bmj.com on 13 September 2009

Original article

Table 4
the MeSpTw

Intra-observer agreement for MTS and ESI, for each hospital and experience level of ED nurses at

Unweighted kappa
(95% CI)

Quadratic-weighted kappa

(95% CI)

MTS (n = 11)
MeSpTw (n = 8)
<5 years experience
>b years experience

AMC (n = 3)
ESI(n = 9)

OLVG (n = 6)

AMC (n = 3)

0.84" (0.73 to 0.94)
0.91 (0.83 to 0.98)
0.91 (0.74 to 1.00)
0.91 (0.78 to 1.00)
0.65 (0.30 to 1.00)
0.65" (0.59 to 0.72)
0.65 (0.56 to 0.74)
0.66 (0.38 to 0.95)

0.90 (0.83 to 0.96)
0.94 (0.88 to 0.99)
0.94 (0.83 to 1.00)
0.93 (0.83 to 1.00)
0.79 (0.59 to 0.99)
0.85 (0.80 to 0.90)
0.84 (0.78 to 0.90)
0.88 (0.70 to 1.00)

*Significance level p<<0.05, between Manchester Triage System (MTS) and Emergency Severity Index (ESI). AMC, Academic
Medical Centre, Amsterdam; ED, emergency department; MeSpTw, Medical Spectrum Twente, Enschede; OLVG, Onze Lieve

Vrouwe Gasthuis, Amsterdam.

We found a significant difference using the unweighted
kappa, which disappeared by using the weighted kappa, both
for inter and intra-observer agreement and for the agreement
with the reference standard. This is because the weighted kappa
accepts one-level disagreement as some form of agreement,
which mitigates the differences. A one-level disagreement was
also most common in previous studies." **° Unfortunately, we
cannot compare the magnitude of disagreement for the inter
and intra-observer agreement. We therefore recommend that in
future studies both exact agreement and weighted kappa values
are presented.

Some studies report undertriage rates varying from 9% to
12%. In these studies the judgements were compared with the
“true” urgency ESI triage level, determined by an expert
panel. ' If undertriage occurs, potentially seriously ill patients
may be triaged as non-urgent, resulting in an increasing risk of
adverse outcomes for these patients. We found an undertriage
rate of 13% (67 judgements) for ESI. Of these, only 14
judgements spread over five scenarios showed a two-level
disagreement. This may seem serious, but to determine the
actual consequences of these undertriage judgements the
diagnostic validity of the system also has to be assessed. The
relatively low unanimity and high disagreement of ESI might be
because the determination of urgency depends on implicit
knowledge rather than explicit flowcharts.

For MTS only two judgements in two scenarios showed a
two-level disagreement. Cooke and Jinks® reported that almost
20% of incorrect classifications in critically ill patients were due
to non-adherence to the MTS guideline; most errors were
because of training problems rather than the triage system. We
found less non-adherence, but we did not restrict our cases to

Table 5 MTS: Comparison between ED nurses’ triage judgement and
the reference standard based on the first judgement

Reference standard

ED nurse

judgement Red Orange Yellow Green Blue Total
Red 0 3 0 0 0 3
Orange 0 m 5 8 0 124
Yellow 0 5 199 12 2 218
Green 0 1 22 208 2 233
Blue 0 0 1 7 8 16
Total 0 120 227 235 12 594

Agreement Manchester Triage System (MTS): 526/594 (88.6%); one-level
disagreement: 56/594 (9.4%); two-level disagreement: 12/594 (2.0%); undertriage: 32/
594 (5.4%); overtriage: 36/594 (6.1%); unweighted kappa: 0.84 (0.80 to 0.87);
quadratic-weighted kappa: 0.87 (0.70 to 1.00). ED, emergency department.
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critically ill patients. All nurses were trained according to
standard procedures before using MTS. In a computer-aided
environment, adherence is easier to achieve. Unanimity of
scoring with MTS can reach 68% without and 96% with
computerised decision support.” In our study judgement was
performed without computer support, but the flow charts could
be consulted. We found a fairly high number of unanimous
judgements (90%), although some difference occurred between
the AMC (84%) and the MeSpTw (94%). Apparently, nurses
need to learn how to use the system correctly. Using a computer
aid could help overcome the nurses’ tendency to follow their
own line of reasoning in interpreting MTS flowcharts.

CONCLUSIONS

We conclude that MTS has very good agreement and a high
unanimous classification rate, whereas ESI has only moderate to
good results. For MTS, agreement was not influenced by the ED
nurses’ experience, but appeared to be affected by the level of
experience with the system. Determination of triage system
reliability is a necessary step in establishing its usefulness and is
pivotal in any attempt to measure performance in emergency
medicine. Beyond triage reliability, as was investigated here,
diagnostic validity should be determined of both systems by
comparing the triage classifications with an identical reference
standard.
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