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ABSTRACT
Objectives To compare waiting time, treatment time,
length of stay (LOS), patient satisfaction and distribution
of waiting times over levels of urgency before and after
the implementation of the Manchester Triage system
(MTS) at an emergency department (ED).
Methods Before and after study, by means of timeline
measurements and questionnaires on satisfaction in two
consecutive patient series (n=1808). Questionnaires
covered aspects of provision of information, opportunity
given to explain problems, waiting time and sorting out
the problem. After implementation of MTS, patients were
triaged between 12:00 and 22:00. Subanalysis was
performed on triaging and non-triaging; and between
urgency levels.
Results Waiting time did not decrease after
implementation of the MTS, however, treatment time
and LOS were significantly longer. Total LOS did not
differ. After implementation, waiting time was better
distributed over urgency levels.
Furthermore, after implementation, patient satisfaction

scored significantly lower on the provision of information
and opportunity to explain their problems, however,
waiting time and the feeling that their problem had
been sorted out scored better. No significant differences
were found between triaged and non-triaged patients.
Although not significant, patients in the lower urgency
levels seemed more satisfied than patients in the higher
urgency levels.
Conclusions Implementing MTS on its own is not
sufficient to improve efficiency and quality of EDs. More
complex interventions including process redesigning that
targets various groups of ED patients should be
evaluated in the future by using rigorous research
designs for quality improvement of EDs.

INTRODUCTION
Annually, more than two million people attend
Dutch hospital emergency departments (ED). An
increasing number of patients are bypassing the
general practitioner (GP) and attending with non-
urgent problems. This has caused overcrowding at
the ED1 which has become a serious problem
leading to long waiting times, patient dissatisfac-
tion2 and putting patients at risk for poor
outcome.3 4 For these reasons, the implementation
of accurate triage systems at EDs is advocated.5

Although actual waiting time is important, it is
perceived as waiting time which is strongly corre-
lated with patient satisfaction.6 Patient satisfaction
may seem to be a secondary outcome, but it is
important, as satisfied patients are more likely to

comply with treatment and, therefore, achieve
better clinical outcomes than dissatisfied patients.7

Consequently, in recent decades, patient perception
of quality of care at an ED has become an increas-
ingly important concept in continuous quality
improvement.6 8

Patient satisfaction, waiting time and length of
stay (LOS) relating to the Emergency Severity Index
and the Canadian Emergency Department Triage
and Acuity Scale,9 10 have all been studied, but to
our knowledge, no studies on the Manchester Triage
System (MTS) have been published on patient satis-
faction. In previous research, we reported on valid-
ity and accuracy, for example, the relationship of
triage ratings with different patient outcomes.11 12

Following these results, the MTS was implemented
at our hospital in October 2007. The MTS uses
flowcharts, which are based on a five-step decision
process, to assign patients to one of five triage cat-
egories.13 A colour indicates the level of urgency
and its associated maximum waiting time: red,
immediate care by a physician; orange, 10 min;
yellow, 60 min; green, 2 h and blue, 4 h.
The objective of this study was to compare

waiting time, treatment time, LOS, patient satisfac-
tion and distribution of waiting times over the
levels of urgency, before and after the implementa-
tion of the MTS.

METHODS
Study design, study setting and population
In this prospective, single-centre, ‘before’ and
‘after’ study, we compared waiting time, treatment
time, LOS and patient satisfaction. The study was
carried out in The Netherlands at a university
teaching hospital with a Level 1 trauma centre.
Annually, more than 31 000 patients attend this
hospital’s ED, 750 (2%) of whom are seen in the
trauma resuscitation room. Approximately 2 years
before the implementation of the MTS, 906 con-
secutive patients were included over a 10-day
period. Six months after the implementation of the
MTS, a further 900 consecutive patients were
included. The local institutional review board
waived the requirement for written informed
consent from the patients.

Implementation of the MTS
Before implementation of the MTS in October
2007, an informally structured triage system was
used. This system was based on clinical expertise,
but not on explicit criteria and information. When
registered at the ED, based on patients’ appearance
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and presenting complaints, patients were (implicitly) judged by
the ED nurse or an experienced receptionist if they could wait
safely or have to be seen immediately. All registered ED nurses
received a combination of didactic and practical training in the
MTS, in accordance with national standards. After implementa-
tion of the MTS, patients arriving at the ED between 12:00 and
22:00 were triaged. This group comprised 70% of all patients
attending the ED over a 24 h period. Outside these times,
patients were registered and implicitly judged by an ED nurse,
and when necessary, the nurse triaged patients according to the
MTS. Patients already triaged before hospital arrival by ambu-
lance staff (following their own protocols), were not triaged
again, but placed in the treating room according local
guidelines.

Study protocol
Data collection and definitions
We collected the following patient data: patient characteristics,
mode of arrival, mode of referral, triage ratings by a triage
nurse and admission to hospital. Timeline information was
extracted from ED forms. Times recorded routinely were: time
of registration, time of start of triage, time to treatment and
time of leaving ED. These were issueemented with time from
arrival at the ED, and time leaving the triage room. Patients
entered this additional information onto an extended time
measurement form. Arrival time was defined as the time from
arrival at ED to registration; waiting time as the time in minutes
from registration to entering the treatment room; time to triage
as the time from registration to triage; triage time as the time
from start triage to end triage; triage to treatment as the time
from end triage to entering the treatment room; treatment
time as the time from entering the treatment room to discharge
or admission; the LOS as the time from registration to discharge
or admission. Following local guidelines, diagnostic procedures
(eg, blood samples) were started before seeing a doctor.
Therefore, ‘time entering the treatment room’ seems more
accurate and closer to real-life practice than ‘time seeing a
doctor’.

Informed consent and patient instruction
In both measurements, on arrival at the department, patients
were given an information letter and asked to participate. After
giving oral consent, they received a numbered patient form, a
watch and a pencil and instructions about how to participate.
To prevent patients becoming confused between triage and
treatment, the patient form included a clear explanation and
photographs of the triage room. The patient was asked to return
the completed form to the receptionist on leaving the ED. If the
patient refused or was unable to fill in the form, only the rou-
tinely recorded time points from the ED forms was used.

Patient satisfaction
To measure patient satisfaction, four questions were asked that
reflected identified service-related factors during their ED
stay.14 15 Patients were asked to rate: (1) the spoken information
they received before they were seen or treated by a doctor,
(2) the opportunity they were given to explain their problems,
(3) the length of waiting time and (4) the feeling that their
complaint or problem had been sorted out. This was done on a
five-point Likert-type scale; very satisfied, satisfied, reasonably
satisfied, fairly satisfied and not satisfied. In the before imple-
mentation group, patients answered these four questions at the
ED. In the after implementation group, these four questions
made up part of a more extensive questionnaire on patient

satisfaction. This questionnaire was not filled out at the ED but
handed over to be completed at a later time. Patients were asked
to fill out this questionnaire and return it within 2 weeks. If
patients were not given the questionnaire, it was sent by post.
Reminders were sent within a month.

Data analysis
Data were analysed using SPSS V.14.0, (Chicago, Illinois, USA).
Patient characteristics were reported descriptively. The χ2 test
was used for categorical data, the independent sample two-tailed
t test for normal, continuous data, the Mann–Whitney test or
the Kruskal–Wallis test for non-normally distributed data, to
compare the before and after implementation data. The level of
significance was 0.05.

Subanalysis of timeline data was carried out on mode of refer-
ral, mode of arrival, triaging and non-triaging of patients; and
between the urgency levels of the patients triaged. In triaged
patients, we also determined the number of patients who after
being triaged entered the treatment room within the maximum
waiting time defined by the MTS.13

These comparisons were defined a priori. Exploring differ-
ences in timeline data; type 2 errors are not warranted, there-
fore, the Bonferroni test was not considered to correct for
multiple comparisons.16

To compare patient satisfaction scores, we re-expressed the
Likert scale into three levels for the ratings: very satisfied and
satisfied, became satisfied; reasonably satisfied and fairly satis-
fied, became fairly satisfied and not satisfied, remained the
same. Subanalysis of satisfaction data was performed on triaging
and not triaging, and between the urgency levels of the patients
triaged.

RESULTS
Patient characteristics and response rate
Before implementation, 907 patients were included, and after
implementation, 901. Five ED forms were incomplete, and thus
excluded: one in the before implementation group and four in
the after implementation group. Gender, age, mode of arrival,
admission rate and patients already triaged by ambulance staff
before arrival at hospital did not differ between groups,
although age distribution did differ. Triaged patients only
included those who arrived by private vehicle. In the after
implementation group, significantly more patients were pre-
sented by their GP (table 1).

In the before implementation group, 356 (39.3%), and in the
after implementation group, 286 (31.9%) patients completed
the patient satisfaction questionnaire. No significant differences
were found in sex, admission and mode of arrival between
responding and non-responding patients.

Waiting time, treatment time and LOS
Before versus after implementation
Waiting time did not differ between before and after implemen-
tation of the MTS, but arrival time, treatment time and total
LOS did (table 2). If a distinction was made for mode of refer-
ral, arrival time in self-referred and in GP-referred patients
remained significant, as did the LOS in self-referred patients.
For mode of arrival and arrival time, treatment time and LOS
remained significant in patients arriving by private vehicle, but
not in patients arriving by ambulance.

Waiting time from registration to the treatment room was
longer for triaged than for non-triaged patients, but treatment
time was shorter. Total LOS did not differ (table 3).
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If the urgency level was higher, the triage time was longer.
Also, time from triage to the treatment room, waiting time,
treatment time and LOS were associated with urgency level
(table 3). After being triaged, the maximum waiting time per
urgency level was only exceeded in three patients triaged to the
green level (table 4).

Patient satisfaction
Based on the four service-related questions, in the before imple-
mentation group, patient satisfaction concerning the provision
of information and the opportunity to explain their problems
was significantly higher. Satisfaction with length of waiting
time was significantly higher in the after implementation group,
as was the level of satisfaction about the way that their problem
had been sorted out (table 5).

No significant differences were found between triaged and
non-triaged patients (table 5). Also, no significant differences

were found between urgency levels in the triaged patients,
although overall, patients in the green level scored higher satis-
faction rates on all questions than patients in the yellow level
(table 5).

DISCUSSION
After implementation of the MTS, waiting time was better dis-
tributed over urgency levels: patients in the highest level of
urgency waited for a shorter time than patients in the lower
levels. As expected, after implementation of the MTS, overall
we found no important decrease in waiting time and LOS.
Patient satisfaction was higher for waiting time and the feeling
that their problem had been sorted out,, but lower for the provi-
sion of information and the opportunity to explain their com-
plaint. Also, we detected a positive trend in the satisfaction rates
of low-urgency patients. As this group is by far the largest group
of patients attending EDs, this is relevant to modern ED

Table 1 Patient characteristics

Before (n=906) After (n=897)
After triaged
patients (n=310)

After non-triaged
patients (n=587)

n % n % n % n %

Gender
Male 494 55 453 51 168 54 285 46

Age
Median (year) 36 36 32 38

Range (year) 0–94 0–97 0–91 0–97
IQR (25–75) 21–54 19–54 17–48 21–57

Age distribution
<15 years 138 15 170 19 67 22 103 18
15–30 years 226 25 214 24 80 26 134 23
30–45 years 234 26 191 21 73 24 118 20
45–60 years 154 17 167 19 57 18 110 19
60–75 years 82 9 100 11 25 8 75 13
>75 years 72 8 55 6 8 3 47 8

Mode of arrival
Private vehicle or otherwise 749 83 749 84 308 99 441 75
By ambulance 157 17 148 16 2 1 146 25

Mode of referral
Self-referral 675 75 630 70 231 75 399 68
Referred by GP or otherwise 231 25 267 30 79 25 188 32

Number of admissions 160 18 191 21 37 12 154 26

After, after implementation group; Before, before implementation group; GP, general physician.

Table 2 Median waiting and throughput time: for before and after implementation groups

Entrance time (min-max) Waiting time (min-max) Treatment time (min-max) Length of stay (min-max)

Before n=469 After n=353 Before n=887 After n=776 Before n=844 After n=690 Before n=856 After n=771

Total 0.05 (0–0.38)* 0.02 (0–0.27)* 0.10 (0–2.31) 0.12 (0–3.30) 1.06 (0.01–9.05)* 1.20 (0–12.30)* 1.30 (0.05–9.13)* 1.45 (0.04–12.55)*
Self-referral 0.05 (0–0.36)* 0.02 (0–0.20)* 0.12 (0–2.31) † 0.13 (0–3.30) † 0.50 (0.01–9.05) † 0.55 (0–12.30) † 1.10 (0.05–9.13)* † 1.25 (0.04–12.55)* †

Referred by GP 0.05 (0–0.38)* 0.02 (0–0.27)* 0.08 (0–2.31) † 0.08 (0–1.45) † 2.33 (0.15–7.52)† 2.25 (0.15–10.45) † 2.40 (0.22–8.49)† 2.33 (0.19–10.55) †
Private vehicle 0.06 (0–0.38)*‡ 0.02 (0–0.27)* 0.14 (0–2.31)‡ 0.14 (0–3.30)‡ 0.57 (0.01–9.05)*‡ 1.06 (0–12.30)*‡ 1.21 (0.05–9.13)*‡ 1.38 (0.04–12.55)*‡
Ambulance 0.00 (0–0.30)‡ 0.02 (0–0.20) 0.00 (0–2.31)‡ 0.00 (0–0.20)‡ 2.25 (0.11–7.05)‡ 2.15 (0.05–10.26)‡ 2.30 (0.11–7.25)‡ 2.28 (0.09–10.26)‡

Data are presented as hours and minutes.
*Significance level p< 0.05, between before and after implementation group.
†Significance level p< 0.05 between self-referral and patients referred by general physician (GP).
‡Significance level p< 0.05 between private vehicles and ambulance.
Arrival time, time from arrival to registration; After, after implementation group; Before, before implementation group; Length of stay, time from registration to discharge; Treatment
time, time from entrance of the treatment room to discharge; Waiting time, time from registration to entrance of the treatment room.
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practice. These findings underpin previous research on patients’
perceptions of waiting time and LOS, in which perception of
waiting time was associated more with satisfaction than actual
time did.6 15 17

The finding that waiting time was longer for triaged patients
than for non-triaged patients is counterproductive. The longer
waiting time in triaged patients was obviously caused by the
triage process itself, but triaging patients resulted in lower treat-
ment time. This suggests that the information obtained from
triage, results in a more efficient start of treatment.
Furthermore, we quantified the triage time, and showed that the
higher the urgency level, the longer it took to triage. We specu-
late that the higher the urgency, the more time it takes to rule
‘no urgency’ out.

The strength of this study is that we involved patients to
provide additional timeline data, like time to triage as time
being triaged. This novel approach to obtain not only routinely
sampled data of patients was tested in the before measurement
and shows to be accurate. More than 80% of the differences
range from −5 min to 5 min between data provided by patients
and routinely sampled data (data not shown).

The Institute of Medicine’s Committee on the Future of
Emergency Care in the United States Health Systems recom-
mends prioritising improvement of hospital efficiency and
patient flow.18 From our study, it seems that just simply

implementing a triage system will not impact this. This is in line
with other reviews on effective interventions to improve patient
flow.19 20 For instance, recently two studies on improving EDs
by applying the principles of Lean Thinking were published, in
which ED processes were changed and an improvement in effi-
ciency was found, like decreased waiting time and LOS.21 22

One of the key components of Lean Thinking is the added
value to the client (in healthcare, the patient). Overall patient
satisfaction was measured in one study only, and was found to
have improved.22 The principles of Lean Thinking were
also applied at our ED in an advanced triage project, in which
emergency nurses initiated diagnostic examinations from the
triage. A small reduction in LOS for self-referred patients was
achieved.23 Another recently published study describes the
introduction of a new ED care method, in which triage is com-
bined with involvement of a GP in the ED department. This
increases patient satisfaction, and led to a 13% decrease in add-
itional examinations.24 These studies suggest that a different
architecture of the operating activities can improve the output
of that process in terms of efficiency and satisfaction.

LIMITATIONS
Our study has several limitations. First, by evaluating the imple-
mentation of the MTS, we wanted to measure quality improve-
ment. A weakness of this study is the use of a before and after
test design, and the relatively long time interval between both
measurements. An interrupted time-series design, or a stepped
wedge design, would perhaps have been more appropriate and
could be used in future research to develop robust evidence on
improving the quality of EDs.25 Still, we were able to establish a
reasonably similar control group.

Second, our study suffered from a mediocre response rate on
patient satisfaction. This may have biased the results, but we
detected no differences between responders and non-responders.
Furthermore, our response rate is comparable with other studies
performed at the ED.26 A diversity of survey instruments in asses-
sing patient perceptions of hospital care exist, in which response
rates range from 17% to 92%.27 Therefore, we suppose that our
results are still valid.

Third, it is preferable that a valid and reliable patient satisfac-
tion questionnaire should be used, but at the performance of
this study, none existed. Therefore, we used the literature and

Table 3 After implementation group: median waiting and throughput time, for triaged and non-triaged patients

n†
Entrance time
(min-max)

Time to triage
(min-max)

Triage time
(min-max)

Time to treatment
(min-max)

Waiting time
(min-max)

Treatment time
(min-max)

Length of stay
(min-max)

Non-triaged
Total 587 0.02 (0–0.27) – – – 0.07 (0–2.09)* 1.28 (0–10.26)* 1.48 (0.05–10.26)

Triaged
Total 291 0.02 (0–0.20) 0.04 (0–0.35) 0.04 (0.01–0.16) 0.08 (0–2.39) 0.20 (0–3.30)* 1.08 (0.04–12.30)* 1.43 (0.12–12.55)

Urgency levels
Red 0 – – – – – – –

Orange 18 0.02 (0–0.10) 0.05 (0–0.10) 0.06 (0.02–0.10)* 0.02 (0–0.07)* 0.12 (0–0.17)* 2.19 (0.15–3.47)* 2.13 (0.30–4.04)*
Yellow 94 0.02 (0–0.20) 0.05 (0–0.35) 0.05 (0.02–0.14)* 0.08 (0–0.51)* 0.18 (0–1.51)* 2.00 (0.07–12.30)* 2.16 (0.12–12.55)*
Green 172 0.02 (0–0.15) 0.04 (0–0.35) 0.03 (0.01–0.16)* 0.11 (0–2.39)* 0.22 (0–3.30)* 0.51 (0.04–10.45)* 1.26 (0.14–10.55)*
Blue 7 0.03 (0.1–0.17) 0.05 (0.01–0.34) 0.03 (0.01–0.05)* 0.11 (0.02–1.45)* 0.27 (0.09–1.47)* 0.38 (0.15–1.23)* 0.59 (0.40–1.57)*

Data are presented as hours and minutes.
*Significance level p< 0.05.
†ndiffers for triage, because of missing time values.
Arrival time, time from arrival to registration; Length of stay, time from registration to discharge; Time to triage, time from registration to triage; Time to treatment, time from end triage
to entrance of the treatment room; Treatment time, time from entrance of the treatment room to discharge; Triage time, time start triage to end triage; Waiting time, time from
registration to entrance of the treatment room.

Table 4 Number of patients: waiting time and triage to treatment
within maximum waiting time by urgency level

Urgency
level

Maximum
waiting
time (min)* n

Waiting time
within maximum
waiting time n (%) n

Triage treatment
within maximum
waiting time n (%)

Red 0 0 – 0 –

Orange 10 17 8 (47.1) 14† 14 (100)
Yellow 60 86 81 (94.2) 82† 82 (100)
Green 120 159 144 (90.6) 148† 145 (98)
Blue 240 7 7 (100) 7 7 (100)

*Maximum waiting time: following Manchester Triage System definitions.11

†n differs, because of missing time values for end of triage time.
Triage treatment, time from end triage to entrance of the treatment room; Waiting
time, time from registration to entrance of the treatment room.
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previously used survey measurements to identify the most rele-
vant questions. A Likert scale offers a range of choices from
strongly positive to negative. For benchmark activities, we used
the same Likert scale as in the previous measurements. For
study purposes, the Dutch answer options were translated back
and forth in English by a native language speaking physician.
Generally, patient responses are biased towards positive choices.
To identify quality improvements aspects, we followed the same
norm for values as used for benchmarking in the core question-
naire for the assessment of patient satisfaction in academic hos-
pitals in The Netherlands.28

Fourth, although we focused on and measured the four most
relevant questions on patient satisfaction, a more detailed ques-
tionnaire would have given more insight into this aspect.14 15 In
future research, recently identified consumer expectations, such
as information on parking, how an ED works and how to iden-
tify staff could be incorporated as satisfaction outcomes.29 As a
target group, the self-referred and low-urgency patients could
be chosen as they are by far the largest groups attending EDs.

Fifth, we used differing methods to distribute the patient sat-
isfaction questionnaire, which may have influenced the results.
Patients who fill in a questionnaire immediately after their visit,
are often more positive than if they have time to criticise the
effectiveness of their visit. Studies on this aspect show that satis-
faction declines over time.30 Our results showed the same, but
overall, the satisfaction scores were higher if the handout ques-
tionnaire was used, except for waiting time and the feeling that
their problem had been sorted out. This suggests that satisfac-
tion scores regarding waiting time after implementation of the
MTS are even higher than our results showed. To overcome the

problem of different distribution methods and the time between
the before and the after measurement, we performed subana-
lyses between triaged and non-triaged patients in the after meas-
urement. Differences between these two groups show that,
although the ‘satisfied’ group is somewhat lower in the triaged
group, the ‘not satisfied’ group is decreasing.

CONCLUSION
In conclusion, implementing MTS on its own is not sufficient to
improve the efficiency and quality of EDs. More complex inter-
ventions, including process redesigning that targets various
groups of ED patients, should be evaluated in the future by
using rigorous research designs for quality improvement of EDs.
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n Total Spoken information (%) Opportunity to tell complaints (%) Time periods (%) Problem sorted out (%)

Before implementation group 356
Satisfied 76.5* 82.1* 26.7* 53.0*
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Fairly satisfied 37.6 23.6 46.9 24.4
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After implementation group
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Satisfied 64.2 75.6 37.1 69.7
Fairly satisfied 34.7 22.2 46.0 25.2
Not satisfied 1.1 2.2 16.9 5.1

Triaged 98
Satisfied 56.8 72.8 35.8 74.2
Fairly satisfied 43.2 26.1 48.4 22.6
Not satisfied 0 1.1 15.8 3.2

Urgency levels
Green 57
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Fairly satisfied 42.9 26.8 48.2 23.2
Not satisfied 0 0 16.1 3.6

Yellow 30
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*Significance level p <0.05.
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