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ABSTRACT

Long waiting times in the emergency department (ED)

are associated with decreased patient satisfaction and
increased morbidity and mortality. Triage may be a
contributing factor to prolonged wait times in the ED. At
Alhada Armed Forces Hospital (Taif, Saudi Arabia), patients
other than level 1 and 2 on the Canadian Triage and Acuity
Scale are requested to wait until triage. During peak
hours (08:00-22:00), the waiting time prior to triage is
prolonged, and several patients leave the ED before triage.
In this project, a multidisciplinary team was assembled

to revise patient flow from the time of arrival at the ED to
the time of triage. Lean methodology was used to identify
the redundancies and design a seamless flow process for
ED patients. Through reorganising the triage area using
minimal additional resources, the project team devised a
novel floor plan for the triage area which provided a unique
patient flow in the ED. The median patient wait time from
arrival to triage was reduced from 27 min to 4.09 min and
the percentage of patients leaving the ER before triage
was reduced to 0%. This project is the first of its kind in
Saudi Arabia, as well as in the Gulf region, and provides a
radical solution to the problem of patient waiting in the ED
during peak hours.

PROBLEM
Alhada Armed Forces Hospital is a tertiary
hospital in the Western region of Saudi
Arabia which serves Taif city and receives
patients from other military hospitals in the
Taif region. More than 90000 patients visited
the emergency department (ED) of Alhada
Hospital during 2018. Despite an annual 10%
increase in the number of ED visits, there
have been no changes to the infrastructure or
design of the ED. The ED at Alhada Hospital
comprises 40 beds: a resuscitation room (4
beds), 2 isolation rooms (2 beds), a short stay
and observation room (9 beds), a paediatric
room (6 beds) and 19 regular ER beds.
Prolonged waiting times and overcrowding
in the ED are well-recognised global prob-
lems.! Long waiting times before triage
carries a negative impact on patient safety,
especially for time-sensitive diseases such
as acute myocardial infarction and acute
surgical conditions.?

During the past few years, Alhada Armed
Forces Hospital administration has noted
patient dissatisfaction with waiting time at the
ED during peak hours. Increasingly negative
feedbacks and complaints were received by
the administration. Moreover, several patients
with unstable conditions deteriorated while
waiting for triage. In September 2018, the
median waiting time from arrival at the ED to
triage during peak hours (08:00-22:00) was
27min (IQR=11min, range 13-57). During
September and October 2018, the percentage
of patients who left the ED before triage was
6.5%.

This project was established to achieve the
goal of providing the required attention to
patients visiting the ED with minimal delay by
introducing a new design to the triage area
that would increase its functional capacity
while using its originally assigned space. The
aim was to reduce the median waiting time
from 27 min to 4 min, and to reduce the
number of patients leaving the ED before
triage from 6.5% to 0%—0.5%.

BACKGROUND

Triage in medicine refers to the process of
sorting and prioritising patients.” * Triage
serves as a rapid sorting tool which assists
in quick identification of patients in urgent
need of medical attention. Despite its obvious
benefits, triage has been found to be a poten-
tial source of delay.””

Several studies have illustrated the serious
effect of prolonged waiting and crowding in
the ED on patient safety.” *® In 2014, the Joint
Commission’s Office of Quality and Safety
analysed 73 sentinel events that were the
result of delays; 48 of those events resulted in
patient death. Analysis of 522 sentinel events
due to delayed treatment from 2010 to 2014
reported 415 events resulting in patient’s
death.” Moreover, prolonged wait times are
stronl%llyi correlated with patient dissatisfac-
tion.
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Various approaches are used to improve patients flow
through the ED."* " Fast track is one of the triage-related
approaches which improves the waiting time and the
length of stay at the ED through dividing patients into two
separate pathways based on their predicted situation.'*'°
Another approach is the inclusion of a physician in the
triage team which improves the efficiency of triage and
ensures that most patients visiting the ED are seen by a
physician.'*"® A commonly used approach is the lean
thinking methodology. Several studies have established
a favourable role for lean thinking in improving patient
flow and reducing waiting times in the ED.'"*’ Reorgan-
ising the work space layout according to lean principles
has been shown to reduce waiting times, improve work
processes, and enhance staff and patient satisfaction.”’

At Alhada Armed Forces Hospital, ED patients are
triaged according to the Canadian Triage and Acuity Scale
(CTAS), which uses a combination of criteria (presenting
complaint, vital signs and selected modifying factors).*
The CTAS score ranges from 1 to 5; CTAS-1 category
represents emergency conditions requiring immediate
nursing and physician attention to CTAS-5 category refer-
ring to non-urgent conditions, with a recommended
initial physician assessment within 2hours. In practice,
patients arriving to Alhada Hospital ED are initially
subjected to visual triage by a triage nurse for immediate
spotting of cases that require isolation in the respiratory
area and CTAS 1-2 category patients (who can be visually
identified and directed to the ED without triage). Visual
triage is performed by a triage nurse at a designated area
at the entrance of the ED known as the visual triage point.
The visual triage nurse assesses acute respiratory symp-
toms in the incoming patients and fills in a specific form
for respiratory triage. Patients without respiratory symp-
toms are directed to the registration desk and then to the
CTAS triage room. Patients with respiratory symptoms are
taken to respiratory waiting area and will take a different
pathway.”

After quick registration, patients are requested to wait
for their turn in the triage waiting area. The triage area in
the ED is composed of two small rooms run by registered
nurses and a waiting area. Only two patients are triaged at
a time, and other patients are requested to wait for their
turn. Patients usually walk between the triage rooms and
the waiting area several times until being allocated to a
bed. Triage nurses also check the waiting area continu-
ously. During peak hours of weekdays, patient wait times
in the ED would have wait for a long time before triage
and some patients even left before triage.

MEASUREMENT

In this project, the assigned team mapped the patient’s
journey in the ED using a spaghetti diagram to identify
the bottlenecks that cause patient queuing and conges-
tion. ED patient data were collected from the health infor-
mation system (WIPRO) and validated for accuracy, then
analysed using the MiniTab Statistical Analysis Software

(V.19.1). The data of 6663 patients who visited the ED
during September 2018 were examined to capture peak
hours of crowding and patient queuing.

Primary process measurement

The median time from patient arrival to triage was
selected as the primary process measurement. This was
defined as the median time from registration of patients
to the time of entering their vital sign measurements into
the health information system. These data were retrieved
retrospectively. The collected data (considered a hospital
governance measure) are reported monthly to the
Medical Services Directorate of the Ministry of Defense.
CTAS 3-5 category patients arriving in the ED during
September 2018 during peak hours (08:00-22:00) on
weekdays only were included in the study (343 patients).
Baseline median waiting time was 27min (IQR=11min).
This measurement was repeated after the intervention
was introduced.

Outcome measurement

The percentage of patients leaving the ED before triage
was chosen as the outcome measurement used to assess
the impact of patient waiting. This was calculated by
dividing the number of patients who had been registered
but their vital signs were not entered into the system by
the total number of registered patients. CATS 3-5 cate-
gory patients arriving in the ED during the months of
September and October 2018 during peak hours (08:00-
22:00) on weekdays were selected. The baseline patient
percentage was 6.5%. This measurement was repeated
after the intervention was introduced.

DESIGN

A multidisciplinary team was assembled, comprising the
head of the ED, the ED nursing supervisor, a representa-
tive from the department of Continuous Quality Improve-
ment and Patient Safety, an Administrative staff member
and a staff member from the Maintenance Department.
The team received input regarding congestion in the ER
from staff members. Team members attended the peri-
odic meetings of the nursing department during which
that issue was discussed; ER physicians were invited to
these meetings to contribute their experience regarding
the causes of congestion in the ER and their ideas on
redesigning patient flow.

The lean thinking methodology was selected as the
means to fulfil the goal of this study. Lean thinking is
a management philosophy whose main principles and
practices are based on the Toyota Production System
(TPS). TPS defines lean as a management practice based
on the philosophy of continuous process improvement
by either increasing customer value or reducing non-
value adding activities (Muda), process variation (Mura)
and poor work conditions (Muri).** Lean methodology
assigns the term ‘waste’ to any activity or process that does
not add value to the final product or service in the eyes
of the customers. According to lean, there are eight types
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Figure 1

of waste: defects, overproduction, transportation, waiting
inventory, motion, overprocessing and human poten-
tial. Practising lean principles eliminates waste through
process mapping, analysis and redesign.”” All the team
members attended a 3-day workshop addressing lean
thinking methodology.

The median waiting time in the ED was calculated,
which was found to be markedly prolonged. The team
thus opted for mapping patient flow in the ED using a
spaghetti diagram to identify the reasons for prolonged
waiting (figure 1). Spaghetti diagram is a simple mapping
tool that observes the distances travelled by patients, staff
or products, and helps identify areas where time can be
saved through visualising unnecessary movements.*

The initial revision of patient flow in the ED revealed
inefficient utilisation of the triage area and delayed start
of the triage process, leading to congestion in the ED.
Several lean types of waste were detected. The main waste
was prolonged patient waiting times before triage. Motion
waste was demonstrated in the form of multiple trips for
both patients and nurses between the waiting area and
the triage room. Moreover, overproduction waste was
present in the form of the long time spent by nurses to
locate the patient to be triaged was noted.

We created a new design for the triage area based on
lean principles. ‘NO WAIT’ was the name given to the
new triage model: N: New triage design; O: Organised
patient flow by removing non-valued movements; WA:
Well-Adapted to fit up to 10 patients at once while keeping
patient privacy and dignity; I7: Immediate Triage. This

Spaghetti diagram of patient flow in the emergency department prior to NO WAIT intervention.

model was expected to solve the problems of prolonged
patient waiting time and patient congestion in the ED
through redesigning the triage area to accommodate the
parallel triage of several patients (not just two), without
adding further workload to ED nurses; once a patient
is connected to the dynamap monitor, the nurse moves
on to a second and a third patient, connecting them to
their corresponding dynamap monitors, after which she
returns to the first patient for recording his vital signs in
the patient record sheet, and so forth. This intervention
involved redesign of the infrastructure of the ED triage
area and its effect was thus expected to be sustainable.

STRATEGY

Our goal was to improve space utilisation in the triage
area, so that more patients could be triaged at the same
time and that patients would wait less than 6 min before
triage.

Initially, we introduced a new design to the triage area
to accommodate the triage of 10 patients, instead of only
two, at a time. The new design did not require additional
space but depended on reorganising the area already
available for triage in the ED and reassigning personnel
roles. The floor plan of the registration and waiting areas
was redesigned as a single area with a fishbone design: a
registration zone (head), 10 triage cubicles (fish bones)
and a distribution zone (tail). Thick opaque glass walls
were introduced to provide the boundaries for these
cubicles (assuring patient privacy), and each cubicle was
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Figure 2 Spaghetti diagram of patient flow in the emergency department after NO WAIT intervention.

equipped with a wall-mounted dynamap. The ED nurse
connects a patient to the dynamap monitor in his cubicle,
then moves on to a second and a third patient, connecting
them to their corresponding dynamap monitors, after
which she returns to the first patient for recording his
vital signs in the patient record sheet, and so forth. A key
change to the triage policy was assigning the registration
responsibilities to the ED nurses. Therefore, the admin-
istrative staff previously performing patient registration
were distributed to other hospital departments, saving

the space previously used for registration. The registra-
tion, waiting and vital sign recording processes could
thus be performed simultaneously. The two rooms which
were previously designated as triage rooms were speci-
fied for cases that arrive by ambulance on a stretcher and
were equipped with wall-mounted dynamaps. Spaghetti
diagram retraced patient flow in the ED after introducing
the new design (figure 2).

It was noticed during the initial period of implementa-
tion that the ED nurses required further orientation to

I-MR Chart of Median Waiting Time
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Figure 3

I-MR chart showing median waiting time of patients in the emergency department before and after introducing the

NO WAIT intervention. LCL, lower control limit; UCL, upper control limit.
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Figure 4 Graph showing percentage of patients leaving the emergency department before triage before and after introducing
the NO WAIT intervention. LCL, lower control limit; UCL, upper control limit.

enable them to make full use of the new design. Para-
medics were also oriented about the new design and the
locations each suitable for incoming patient. Moreover,
a few operational issues which emerged during initial
days of implementation were tackled, such as the need
to provide wheelchairs in some of the cubicles to suit
patients coming in on wheelchairs and the necessity of
shifting the visual triage point from the registration area
to the entrance of the ED. All the changes performed
during this cycle had no effect on waiting times.

RESULTS

Post-measurement

The median time from patient arrival to triage, chosen
as the primary process measurement for this project, was
calculated after introducing the triage intervention for
CATS 3-5 category patients arriving in the ED during
peak hours (08:00-22:00) on weekdays during September
2019 (timing similar to that of pre-measurement to avoid
seasonal variation).

The percentage of patients leaving the ED before
triage, used as the outcome measurement for this project,
was calculated after triage area renovation for CATS
3-5 category patients arriving in the ED during peak
hours (08:00-22:00) on weekdays during the months of

September and October 2019 (timing similar to that of
pre-measurement to avoid seasonal variation).

Moreover, to determine if the triage intervention led
to problems in other parts of the service, we assessed ED
staff satisfaction with the intervention and whether the
new design improved the experience of nurses or added
more to their workload. ED staff (ED physicians, nurses,
Emergency Medical Services (EMS) personnel) were
requested to fill in a brief survey after the new design
was in place. The survey consisted of seven questions
with standard 5-point responses (l—strongly disagree
to 5—strongly agree). The survey questions were (1) NO
WAIT design has improved patient satisfaction in ED,
(2) NO WAIT design has solved waiting problem, (3)
NO WAIT design has accelerated triage process, (4) NO
WAIT design has helped pick urgent cases, (5) NO WAIT
design has decreased workload, (6) NO WAIT design has
improved communication and (7) NO WAIT design has
shortened length of stay.

Results

This project commenced in July 2019 and the triage
intervention was introduced in September 2019. ED
patient data were retrieved retrospectively from the

Table 1 Perspective of all emergency department staff on the NO WAIT intervention (n=164)
Strongly agree Agree Neutral Disagree Strongly disagree Overall
NO WAIT intervention (5) (4) (3) (2) (1) rating
Improved patient satisfaction 65% 24% 9% 0% 2% 4.50
Solved waiting problem 61% 29% 8% 0% 2% 4.48
Accelerated triage process 60% 26% 12% 1% 1% 4.43
Helped pick urgent cases 67% 25% 6% 1% 1% 4.56
Decreased workload 56% 22% 15% 3% 4% 4.21
Improved communication 57% 29% 11% 1% 2% 4.39
Shortened length of stay 61% 24% 11% 2% 2% 4.39
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Table 2 Perspective of emergency department nurses on the NO WAIT intervention (n=103)

Strongly agree Agree Neutral Disagree Strongly disagree Overall
NO WAIT intervention (5) 4) (3) (2 (1) rating
Improved patient satisfaction 52% 34% 14% 0% 0% 4.38
Solved waiting problem 46% 42% 11% 0% 1% 4.31
Accelerated triage process 47% 37% 15% 1% 0% 4.29
Helped pick urgent cases 52% 37% 10% 1% 0% 4.40
Decreased workload 43% 30% 18% 5% 4% 4.02
Improved communication 42% 40% 15% 2% 1% 419
Shortened length of stay 46% 33% 17% 3% 2% 4.19

health information system. Post-intervention data were
compared with pre-intervention data for the same
month(s) of the previous year to avoid seasonal variation.

Our primary process measurement was the median
waiting time (in minutes) between patient arrival and
triage. Postintervention data were collected for the
month of September 2019 and compared with pre-
intervention data for the month of September 2018.
The pre-intervention median waiting time was 27 min
(IQR=11min). After renovation, the median waiting
time was dramatically reduced to 4min (IQR=1.28 min,
p=0.0001). The individual-moving range (I-MR) control
chart showed two measures of improvement: reduction of
the variation and shift of the mean (figure 3).

The percentage of patients leaving the ED before triage
was reduced from 6.5% during the months of September
and October 2018 to 0% during the same months in 2019
(p=0.0001). There was no record of any patient leaving
the ED before triage since patients were triaged immedi-
ately after arrival (figure 4).

Our balancing measurement was the extent of ED staff
satisfaction with the intervention. The ED staff includes
physicians, nurses and EMS staff members, most of whom
participated in the post-intervention survey (table 1). All
physicians (n=35), 103 out of 104 ED nurses and 26 out
of 29 EMS staff responded to the survey. On a 5-point
scale, with 5 representing strong agreement and 1 strong
disagreement, the ED staff perceived that the NO WAIT
design improved patient satisfaction, solved the waiting
problem (mean score 4.48), accelerated the triage
process, helped pick urgent cases, decreased workload,

improved communication and shortened the length of
stay (with mean scores of 4.50, 4.48, 4.43, 4.56, 4.21, 4.39
and 4.39, respectively).

The perspective of ED nurses (n=104) was addressed
separately (table 2). The mean scores for nurses alone was
slightly lower than that of the entire ED staff represented
in table 3, but still reflected their positive perception of
the NO WAIT design (NO WAIT design improved patient
satisfaction, solved the waiting problem, accelerated the
triage process, helped pick urgent cases, decreased work-
load, improved communication and shortened the length
of stay, with mean scores of 4.38, 4.31, 4.29, 4.40, 4.02, 4.19
and 4.19, respectively). Several of the ED nurses verbally
expressed their satisfaction with the new intervention
since it saved a lot of time and effort wasted by moving
between the waiting area and triage rooms and looking
for patient to be triaged. Also, the new design reduced
the stress on nurses related to dealing with patients dissat-
isfied with the long waiting times.

Moreover, comparing Press Ganey survey data for Alhada
Armed Forces Hospital in the third quarter of 2019
(before the intervention) and that in the fourth quarter
of 2019 (after the intervention) revealed a significant
improvement in the overall patient experience as well as
in the arrival domain in the ED (table 3).

LESSONS AND LIMITATIONS

The NO WAIT design introduced in this project has
several strengths. One obvious strength is its low cost and
easy adaptability. We redesigned the ED triage layout by

Table 3 Press Ganey patient experience result (Arrival Domain) at Alhada Armed Forces Hospital emergency department for
the third quarter (before NO WAIT intervention) and fourth quarter (after NO WAIT intervention) of 2019

Question

Domain n Quarter 3,2019 Quarter 4, 2019 ‘

Waiting time before staff noticed your arrival

Helpfulness of the person who first asked you about your condition
Comfort of the waiting area

Waiting time before you were brought to the treatment area

Waiting time in the treatment area, before you were seen by a doctor

Arrival 384 55.98 69.46 13.48 %
Arrival 395 60.10 72.91 12.81%
Arrival 394 44.36 56.72 12.36%
Arrival 397 40.35 54.91 14.56%
Arrival 396 47.20 57.51 1031 %
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creating cubicles made of gypsum board and opaque glass
sheets. Such a simple intervention resulted in dramatic
improvement in patient flow and patient experience,
while preserving patient privacy.

Social distance is a current global necessity to overcome
the spread of SARS-CoV-2 infection.”’ Limiting wait times
in the ED is an important strategy to lower the possibility
of infection. The NO WAIT design should be consid-
ered as an efficient approach to reduce the chance of
contracting infections while waiting for triage.

Another notable strength in this design is the ability
to detect any case presenting to the ED with time-
sensitive diagnoses which may deteriorate with delay.
Patients with illnesses like acute myocardial infarction,
lime ischaemia, testicular torsion and diabetic ketoaci-
dosis could be substantially harmed with waiting® espe-
cially during peak hours and should be seen urgently by
a physician. In this new design, patients will have their
vital signed measured momentarily and thus rapidly
allocated.

For patients with non-urgent presentations, visiting
the ED and waiting for triage used to be an aggravating
situation: the patient was requested to wait despite his
suffering and belief that his case required immediate
attention. Some ED patients would start fights, others
would raise their complaints to the administration and
some chose to leave the ED. Nurses also suffered a lot:
nurses had to move between the triage rooms and the
waiting area several times to call for or find patients and
had to deal with ED patients irritated by the long waits.
This became part of the past. ED nurses were pleased
with the new process as it saved effort and time previously
spent in locating patients or comforting them during
long waits. Patient experience was quite favourable as ED
patients found the new design outstanding.

Nevertheless, we were faced with challenges during
the design and application of the intervention. Despite
the importance of continuously monitor project perfor-
mance, this was not possible due to limited resources.
We, therefore, opted to a study design that compared
findings before and after project implementation. In this
extent, we chose the same period to avoid any seasonal
variation. Also, the primary process measurement chosen
for this project was acquired from the electronic records
for the time of ED patient registration and not from the
time of arrival at the visual triage point, since those data
were difficult to obtain. In addition, the team leader
was engaged in long intense meetings with the Mainte-
nance Department to secure buy-in for the renovation to
be successful. Moreover, during the 2-month period of
renovation, triage was conducted in a temporary location
which was not sufficiently prepared for this purpose; this
was stressful and less than satisfactory for both ED nurses
and patients. Finally, despite of the low cost and limited
use of resources, this design might not be reproducible
in every hospital since not all hospitals have the necessary
funding or ground area.

CONCLUSION

The project team successfully pinpointed the bottle-
necks related to the triage process in the ED using lean
thinking methodology and developed an intervention
that addressed and solved the problem of congestion and
long waiting times. The project has enabled the triage
process to be dramatically improved on several levels:
patient waiting time, patient safety, patient experience
and satisfaction, and staff satisfaction. To assure sustained
improvement, the project team continued data collection
for estimating the primary process measurement (median
waiting time) after the end of the study and nurses were
advised to report any cases waiting for more than 6 min
before triage.

Due to the significant success of this project at Alhada
Armed Forces Hospital, the NO WAIT design was dissem-
inated to other military hospitals in Saudi Arabia to
study, redesign and improve their patient flow in the ED.
Further work is underway with other departments in the
hospital to apply and use lean methodology to enhance
the use of space and resources.
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