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Abstract:

Purpose: This research aimed to reduce the turnover time (non-operative time) in the operating room
(OR) at a US Northwestern hospital.

Design/methodology/approach: Data collection consisted of observation and interviews of the aides,
circulating nurses, and surgical techs to identify causes of delays and long turnovers. It was determined that
the turnover could be divided into two stages: cleaning the room and setting up for the next surgery. The
research team met with the staff (aides) to create a standard operating procedure for the cleaning stage. It
was decided to create an agile standard procedure that would allow the process to be completed the same
way effectively with any number of people ranging from 1 to 3. The flexibility accounts for the number of
people who are to complete the procedure and considers that some of them are only available during
portions of the cleaning stage due to multiple turnovers or duties.

Findings: The agile cleaning procedure reduced the cleaning time by 2.2 minutes (15.7% of the total time)
and the standard deviation by 3.30 minutes. A decrease in vatiability represents more consistent turnovers,
creating more predictable times for scheduling surgeries in the future.

Originality/value: This research proposes a novel approach to standardized work that quickly adapts to
the number of workers available. The agile standardized work procedure (ASWP) allows the process to be
completed the same way every time effectively with any number of people.
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1. Introduction

Operating Rooms (ORs) generate the largest revenue and losses in a hospital (Cima, Brown, Hebl, Moore, Rogers,
Kollengode et al., 2011; Fogliatto, Anzanello, Tonetto, Schneider & Muller Magalhies, 2020; Koyle, AlQarni, Odeh,
Butt, Alkahtani, Konstant et al., 2018). Without the prompt cleaning and set-up of the operating suites, the OR
would not be able to start surgeries on-time or conduct as many surgeries in its busy schedule. One aspect of OR
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cost, which does not create revenue is the turnover or turnaround time. Turnover time is the time interval from
when the patient exits the room until the next patient enters the room (Worley & Doolen, 2011). It includes the
time it takes for cleaning and preparing a room for the next surgery.

According to our partner hospital’s data, the cost of running an OR is approximately $33 per minute. When a
patient is in the room, the hospital charges the patient or insurance, making up the operating costs. However, the
time between surgeries is an opportunity cost translated into money not earned by the hospital. Therefore, the goal
is to minimize the average time and the standard deviation for turnovers. Decreasing the turnovers could decrease
time and cost and increase OR availability for additional surgeries. Simultaneously, a decrease in standard deviation
is a good indicator of precision within a process. On the other hand, processes with a lack of stability are almost
impossible to improve because they behave differently every day. Therefore, any representation of the process will
not match the real condition (Dal Forno, Pereira, Forcellini & Kipper, 2014). Consequently, creating predictable
turnovers could increase patient and staff satisfaction if everything is running on time. One way to achieve
precision in processes is through the use of standardized work procedures.

Standardized work can be defined in many ways; Krichbaum (2008) defines it as “a detailed and documented
system in which production workers both develop and follow a repeatable sequence of tasks within a work
assignment.” The standardized work sequence represents the best-known way to complete a task for the operator
to follow in the completion of his/her job. Standardization is important as it serves to maintain order and
consistency in operations (Freivalds, 2009). Fireman, Saurin and Formoso (2018) added that standardized work
aims to reduce process variation and set the baseline for continuous improvement. Graban (2012) describes
standardized work as “the current best way to safely complete an activity with the proper outcome and the highest
quality, using the fewest possible resources.”

Many researchers have reported the benefits of standardized work in healthcare operations (Bakken, Cimino &
Hripcesak, 2004; Lehmann & Miller, 2004; Pérez & Porres, 2010; Simpson, 2009). However, Akmal, Greatbanks and
Foote (2020) recently found that while many researchers have applied different Lean tools and techniques in
healthcare, only 4% out of 299 articles mentioned some sort of standardization. Their findings indicate that
standardized work has not been documented well in healthcare, let alone in ORs. Some researchers have argued that
healthcare should create and implement more standardized procedures (Lehmann & Miller, 2004).

Other benefits of standardized work include the documentation of current processes, variability reduction, training
of new operators, and a baseline for improvements (Marchwinski & Shook, 2008). Lehmann and Miller (2004) state
that “standardization reduces variation in clinical treatment and patient outcome and thus improves the quality of
patient care, making it safer as well by reduction of potential errors.” For this research, standardized work refers to
finding the optimal way to complete a task or activity each time the activity is performed. Similarly, standardization
is defined in this work as the process to develop standardized work.

The turnover process consists of two parts: cleaning the room and preparing it for the next surgery. This research
focused on creating standardized work procedures for the cleaning portion of OR turnovers. Figure 1 presents a
swim lane chart of all activities and entities involved in turning a room at the partner hospital. The times presented
are averages from historical data and direct observations. The entire turnover process is encapsulated in the red
dotted line while the cleaning portion is circled in a yellow line.)
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Circulating Nurse Move Pt

Surgical Tech 1 Preparing for next case

Surgical Tech Help
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OR Aide 2 [Movert & Al_ Turnover

Room Clean, |Pat:ent Enters
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Figure 1. Staff interactions during a turnover
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One difficulty presented in this study was the fact that OR aides, who were the people in charge of cleaning the
suites, would come in and out of a room at different times. For example, three people were cleaning a room in
some instances, and two would leave because another room needed cleaning, In other instances, only one person
was cleaning, and a second would come in to help. Sometimes a third would join a few minutes later. This variability
in the number of people at any point in time made it difficult to establish a standardized work procedure in its
traditional fashion. For this reason, we decided to create a standardized work procedure that could be flexible
enough to account for an unspecified number of staff members in the room.

We proposed a novel approach to standardized work that quickly and easily adapts to the number of workers
available. The agile standardized work procedure (ASWP), which focused on the cleaning portion of turnovers, allows
the process to be completed the same way every time effectively with any number of people. Furthermore, the
number of people cleaning a room can change during the process and still accomplish the same tasks, making this a
novel way to look at operations.

A comprehensive literature review using a strategy similar to the one presented by Vest, Gamm, Oxford, Gonzalez
and Slawson (2010) was conducted to search for articles proposing anything similar to agile standardized work. The
literature search, as seen in Figure 2, consisted of eleven keywords and four databases: Cinahl, Web of Science,
Inspec, and Compendex. The keywords included terms such as agile standardized work, flexible standard work,
dynamic standardized work, varying number of people for a standard procedure, standardized work varying people,
among others.

c
e}
T Documents identified
= through database search |- Documents excluded based on
= (n=23,174) i classification codeg (e.g:, ﬂUId mech_an/cs,
o : e turbulence, dynamics, friction, chemist
kel Al , Ay ) ) Ty,
S pharmaceuticals, electronics, elasticity, etc.)
and additional key word (Procedure)
(n=22,596)
A
= Documents after removing
S non-applicable categories Documents excluded based on title or
o and duplicates abstracts not related to topic
& (n=578) o (n=574)
Civil/mechanics/materials/drilling (n=141)
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=g Human Factors (n=27)
= Documents kept based on Medical (n=25)
2 abstracts Manufacturing (n=24)
= (n=4) Management/Business (n=22)
Transportation (n=17)
Scheduling (n=14)
Simulation (n=6)
Math models (n=3)
Other (n=37)
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® Documents kept based on
o .
= full article
2 (n=2)

Figure 2. Agile Standardized Work Literature Search
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The initial search results were reduced by only English documents, using classification codes, vocabulary, and
additional keywords: procedure and healthcare. Two articles, one by de Mast, Kemper, Does, Mandjes and van der
Bijl (2011) and another by Reichert, Dadam and Bauer (2004), were the closest to this type of procedure in the
search performed. Both articles are simulation articles that allow for flexibility in resources and scheduling
However, de Mast et al. (2011) simulated patient flows and gave an example of the computerized tomography (CT)
scan process. The simulations allow for flexibility, but not as a standardized work procedure, such as the one
created in this research.

Poth and Wolf (2017) talked about agile procedures, although they focus their work on the field of Agile Software
Development. Recently, Agile methods have been extensively used in a wide variety of projects in many
organizations since they allow organizations to be more responsive to changes and deliver products in faster, bettet,
and cheaper ways (Carroll, Bjornson, Dingsoyr, Rolland & Conboy, 2020; Chkouri, 2019; de Oliveira Rosa &
Goldman, 2020; Dingseyr, Dyba, Gjertsen, Jacobsen, Mathisen, Nordfjord et al., 2019; livari & livari, 2011; Jabar,
Ali, Jusoh, Abdullah & Mohanarajah, 2019; Sommer, 2019). The agile way of working has been focused on
accelerating digital products with some applications in product manufacturing (Kumar, Singh & Jain Sanjiv, 2019a,
2019b; Lokhande & Sarode, 2020). However, it has not explored the generation of standardized procedures that
contemplated variation on the execution based on resources’ temporal availability. To the best of the authors’
knowledge, this is the first type of study that proposes an agile or flexible standard work procedure.

2. Materials and Methods

The research study was performed at the OR of a medium-size hospital. The hospital is a medium volume Acute
Care facility, with 86 beds and over 2,000 employees, of which 200 are physicians. The health professionals cover
over 35 specialties and compose more than 20 clinics. It has seven surgical suites (6 surgery + 1 procedure room),
Labor and Delivery department, Emergency Department, Diagnostic & Treatment areas, and associated on-site
clinical programs. The operating rooms work five days a week from 6:30 am to 4 pm according to daily surgical
schedules and have staff and doctors on call 24-7.

There were five OR aides, and two pairs work together most often due to the times that they were scheduled to
work. The aides worked a staggered schedule working for an 8-hour shift starting at 6:30 am, 8 am, 10 am, 12noon,
and 2 pm.

One type of surgery was chosen to collect accurate data for the research study. The type of surgery needed to
occur often enough that it was easy to collect data. This would allow more standard observations when taking data
and the opportunity to test the procedures. Orthopedic cases with total knee or hip arthroplasty (also known as
totals or replacements) and revisions were chosen due to the number of instruments in use and the frequency of
occurrence. These surgeries occurred at least ten times a week by five surgeons who performed these procedures,
two of which performed total knee and hip procedures exclusively. Observations and analysis of the current tasks
occurred during the first two months of the study. Times were taken during months three and four.

According to Freivalds (2009), if the cycle time for a process is between 10-20 minutes, the recommended number
of cycles for data collection is eight. Given that the length of time of the cleaning portion of the turnovers ranged
from around 13.55 minutes to 25 minutes, it was decided to do 12 timed observations.

Four of the five OR aides were observed cleaning and performing OR aide duties during the turnovers. The
number of people in the room ranged from 1-4 depending on availability for the turnover because multiple
turnovers can occur simultaneously.

Spaghetti diagrams were drawn for the aides. A spaghetti diagram (SD) is a technique used to observe an object or
person’s movement within a system. It is a visual representation that uses a continuous flow line tracing the person’s
path or object through a process. This tool allows the process team to identify opportunities to expedite process
flow and redundancies in the workflow (Gladysz, Santarek & Lysiak, 2017; Senderska, Mares & Vaclay, 2017). The
processes SDs did not show as much waste. However, it did show the interaction and confusion of having too
many people helping,
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We also used the Critical Path Method (CPM) to find out the shortest possible time according to times taken from
the observations and precedence of different activities. CPM is a project management technique that is widely used
in construction projects. It breaks the project into work tasks and defines logical relationships between them. The
tasks are presented in a diagram, and the project duration is calculated based on each task duration. This method
defines the tasks that are critical to complete the project and identifies the longest path (the critical path) (Olivieri,
Seppinen, Alves, Scala, Schiavone, Liu et al., 2019; Zareei, 2018). Prior to CPM, the prediction was that the cleaning
time is best done by two people and cannot be faster than 12 minutes.

In collaboration with the aides, the researchers created an agile way of cleaning, which accounted for the variability
in the number of people cleaning the room. The ASWP would ideally make the time 12 minutes with two people.
Each of the two people starts with specific tasks, the first done from their tasks grabs the mop, while the other will
start prepping the room once they are done with their tasks. Whoever is done from the second round of tasks will
take care of resetting or changing the Neptune and putting kick bucket bags. Before leaving the room, at least one
of them should do the final check, if not both.

Two versions of the same ASWDP were created: a detailed ASWP and a concise ASWP. The detailed ASWP
consisted of many pictures and a descriptive narrative of tasks in the procedure, whereas the concise ASWP
contained minimal pictures and as few words/phrases as needed. An experiment to compare both ASWP was
performed to determine which one was more appropriate. Metrics of interest were the cleaning completion time

and adherence to the ASWP.

3. Results

3.1. Current State

The cleaning process starts when a turnover is called (overhead or by a paging system) and ends when the last
person cleaning leaves the room, as shown in figure 1. The researchers timed past the point when the last aide or
helper left the room because sometimes, they were called back in to get something from the store or supply room.
A Current State Value Stream Map (VSM) (Rother & Shook, 1999) was developed for the OR cleaning procedure
(Figure 3). VSM is one of the most valuable tools to understand the current process status better and recognize
opportunities for improvements (Dal Forno et al., 2014).

From the Current State VSM, it can be seen that a few activities need prior activities to be completed before they
can begin (precedence). It also shows that there are quite a few activities that can happen in parallel.

According to the Association of Registered OR Nurses (AORN, 2012), the precedence of tasks in cleaning an OR
are:

1. Nothing can be cleaned until the patient leaves the room.
2. Everything must be cleared from the bed and tables before cleaning with vindicator

3. A top-down approach must be used so that if contamination falls down, the objects below have not been
sterilized yet, thus not contaminating anything else. Therefore, the lights must be cleaned before the bed
and the bed and tables must be cleaned before mopping,

4. The new circuit cannot be put onto the anesthesia machine until the room is sterile.
5. Linens cannot be put onto the bed until the room is stetile to eliminate a chance of contamination.

6. Sterile supplies cannot be opened until the linens have stopped moving in case particles are in the air and
contaminate the stetile field/supplies.

7. The contents of the Neptune and kick-bucket bags do not hold-up the turnover as mopping does, so they
are saved for last while other activities (such as opening supplies) are happening. However, the Neptune
and kick-buckets will need to be wiped off contamination during the first stage of wiping everything with
vindicator.
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Given the instructions recommended by the AORN and the tasks delineated by the VSM, a precedence diagram
was created and analyzed using the Critical Path Method (CPM). Figure 4 presents the CPM for cleaning. The CPM
shows three paths according to the fastest, average, and slowest times- each depicted by a different color. This
method showed that the fastest a room could be cleaned, on average, was 12.2 minutes. The number of paths in the
CPM showed that the maximum number of people cleaning a room should not exceed three at any point in time.

A modified version of the critical path for cleaning, seen in Figure 5, assumes that nothing can start until all the
trash and linens are removed from the items needing to be cleaned. According to the possible paths that can be
taken, the CPM shows that if four people were cleaning, there would not be enough for the fourth person to do
according to tasks’ precedence.
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Figure 3. OR Aide Current State Value Stream Map

Critical Path Method — Original State
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Figure 4. CPM for the original cleaning method
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Critical Path Method — Modified
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Figure 5. CPM modified with trash and linens assumption

3.2. Root Cause Analysis

A root cause analysis was performed with the OR aides, nurses, and staff. Figure 6 presents a fishbone diagram
(Ishikawa & Loftus, 1990) created to identify reasons for the lengthy turnover times. From the figure, it can be seen
that there were a lot of opportunities for improvement. Nevertheless, we decided to focus on the process category
as many of the causes were triggered primarily by lack of standardization and lack of communication. We circled
with a red dotted line the causes or reasons we wanted to tackle by creating a Standardized Work Procedure. As
previously mentioned, the task at hand was not simplistic since the number of aides available to clean a room could

change even after the cleaning process had started.
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Figure 6. Fishbone diagram of the OR turnover process
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3.3. Countermeasure: Agile Standardized Work Procedure for Cleaning the Operating Room

A team of OR aides and the research team agreed that a standardized work procedure would allow cleaning the
rooms the same way every time. This would help with the lack of communication, lack of role assignment, lack of
standards, and could be used as a training tool for new aides. Besides, by knowing exactly what is needed and when
it is needed, the aides would reduce the number of visits to the local inventory, reducing excessive walking,
However, the standardized work procedure needed to quickly and easily adapt to the number of aides available at
any point in time.

We organized a Kaizen Event (Gonzalez-Aleu, Van Aken-Eileen, Cross & Glover-Wiljeana, 2018; Marin-Garcia,
Juarez-Tarraga & Santandreu-Mascarell, 2018) in collaboration with the aides where we created an agile way of
cleaning which accounted for the unpredictable number of people available. Using the Current State VSM and
the CPM diagram, the proposed ASWP was developed by clustering tasks that had precedence (serial tasks) in
groups and creating parallel streams of those groups (parallel tasks) while preserving the required precedence
between and within groups. Figure 7a presents the Kaizen Event intended to create the ASWP. Figure 7b
presents the first iteration in which tasks were allocated to different groups while preserving the required
precedence. Figure 7c presents the final iteration, which resulted in a more efficient grouping of tasks. Two aides
led this last iteration.

@)

Figure 7. a) Kaizen team working on redistribution of tasks for ASWP; b) First iteration; ¢) Second and final iteration

The proposed ASWP would ideally reduce the cleaning time under 12 minutes with two people. Each person starts
with specific tasks, the first done from their tasks grabs the mop, while the other starts prepping the room once
they are done with their tasks. Whoever is done first with the second round of tasks takes care of resetting or
changing the Neptune and putting kick bucket bags. Before leaving the room, at least one of them performs a final
check, if not both.

After the Kaizen team created the ASWP, we came up with a visual representation so that everyone could read it.
Two versions of the ASWP were created, one with many pictures and a descriptive narrative of tasks in the
procedure (detailed), and one with minimal pictures and few words/phrases as needed (concise). We used visual
management tools such as color-coding, numbers, and a visual algorithm to denote what needs to take place

next.

Figures 8 and 9 present the detailed and concise ASWP, respectively. The pictures for the procedures were taken
during actual turnovers. Permission was given by the OR manager and staff as long as they did not show any
patient identifiers. The two procedures were designed for 117x17” paper to allow details to be viewed.
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Cleaning the Room with 1-3 People

Person 1 y y Person 2
Initial Tasks 1 Initial Tasks 2
> Gather linens from around the room and put them into the » Take the old circuit and suction off the anesthesia| k
blue bag. Make sure the bed is clear. machine (if it was used), and throw it away (1). |

> Wipe the lights from the top down with > Gather trash from around the bed and put them
a cloth and Vindicator(1). into the white bag. Make sure the bed is clear.

# Wipe the sllvec tems inthe room i > Wipe the three vitals wires with a towel and Vindicator (2) —
with a towel and Vindicator, including: BP cuff (3) and grey wire, Pulse Ox and blue wire, grey wire

tables (2), ring-stands, mayo stands with three yellow leads, and oxygen line.
(3), trash/linen holders (4), and the - -

bottom of the surgical bed (5). Be sure > Wi ine e | B4
to wipe the top, legs, and any other . te' ":"
contamination (6). :ngwe

Vindicator
on all
sides (4).

> Wipe the bed with a towel and Vindicator. Be sure to wipe all
surfaces of the pads and bed (5). This includes the underside
of the pads (6), and straps (7). The gels, pads, and anything
else which was on the bed should also be cleaned.

d

‘W Mop
1) Get a mop from closest mop station

and dip the mop into the yellow mop
bucket filled with Vindicator.

Preparation

1) Put new circuit and suction on: make sure ambu bag is
secure (1), connect tubes to machine below ambu bag(4), place
oxygen line on mask (2), connect suction tube on suction (3), and
place the other end in holder (4).

2) Mop the floor, including under tables,
focusing on contaminated areas and
underneath the surgical bed.

2) Get one bed-roll from the linen cabinet in the core (or cabinet
in room 7).

3) Ask the nurse if it is the correct bed configuration. If so, drape
the bed with a sheet (5), unless otherwise instructed. Drape each
arm-board with a pillow case (6). The final sheet is folded in half
and draped over the center of the surgical table (7).

3) Change mop heads — put old mop head in covered trash
can and put new mop head on. Place the mop back in the
bucket upside down (seen in Step 1). If you are placing the
second mop head in the trash, take out the bag to take down to
the aides room, and replace the bag.

4) Put two white bags and one blue bag into the
round (or triangle) bag holders. Be sure to clip
the bags to the legs (8).

5) Prep wires by putting
leads on each of the three
yellow wires from the
anesthesia cart and place at
head of surgical table (9).

it Neptune
e . - 1) Inspect the Neptune for any

W Flnal CheCk contamination and wipe with a towel

e CifCU It and Vindicator if needed.

7 2) Check the level and case number on
v' Suction the current Neptune. Reset the
machine if able, otherwise take the
Vi Bed LOCked Neptune to the Aides room and have it [\
N Neptune cleaned. Bring a new Neptune back
> into the room.
v’ Kick buckets (bags)
v'Sharps container

Figure 8. Detailed ASWP
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Cleaning the Room with 1-3 People

it &

Person 1

g el
Initial Tasks 1 Initial Tasks 2

» Gather linens and make sure the bed » Throw away the used circuit and suction.

is clear. > Gather trash and make sure the bed is clear.
» Wipe the lights from the top down(1). > Wipe the three vitals wires — BP cuff, Pulse Ox, wire
» Wipe the “silver” items in the room, with three yellow leads, and oxygen line.

such as tables, mayo stands, and > Wipe th I
linen/trash holders (2, 3, 4). e
2 > Wipe all

‘ - C surfaces of
- the pads,

strap, gels,

and bed.

Person 2

-
2" Done
o

Preparation

1) Put new circuit and suction on.

2) Get one bed-roll from the linen
cabinet.

3) Unless otherwise instructed, drape the
bed, arm-boards, and center of bed.

4) Put the three bags into the round (or
triangle) bag holders. Clip the bags to the
legs.

5) Prep wires by
putting the yellow
wires at head of
surgical table.

1) Get Mop from closest mop
station and dip in Vindicator.

2) Mop the floor, focusing on
contaminated areas and
underneath the surgical bed.

3) Change mop heads and put
the mop in it's place.

/
1*' Done
S Do Neptune
> % 1) Inspect the Neptune for any
m Final Check contamination and clean if needed.
v Circuit
v’ Suction 2) Check the level and case
number on the current Neptune.

v Bed Locked Reset the machine if able,

v Neptune otherwise replace it.

v Kick buckets (bags)

v/ Sharps container

Figure 9. Concise ASWP

3.4. Controlled Trial to Evaluate Detailed versus Concise Procedures

The two pairs of aids who worked together most often were provided with the detailed written procedure. They
performed it on a Monday and Tuesday of one week for all procedures, but data was collected for total hip and
knee arthroplasty and revisions. For the rest of the week, Wednesday-Friday, the aides were allowed to clean the
rooms as they had before.
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During the controlled trial, the aides were allowed to look at the cleaning ASWP as often as needed and were given
the rule that only two aides (no more, no less) were allowed to clean the room at any given time. This rule was also
told to the staff, which had mixed reactions. The two-aide rule was to help show that the room could still be
cleaned quickly and efficiently with fewer people. Two days of experiments with over 15 turnovers were timed. The
first five observations were not considered in the analysis, as aides were still going through the learning curve.

Two weeks later, on Monday and Tuesday, the same aides were shown the concise version of the procedure. As
before, they were allowed to look at it as many times as needed. Once again, over 15 turnovers were timed, and the
first five were not considered in the analysis.

Adherence was measured by using a checklist for each turnover in both the detailed and concise procedures. A Yes
or No was assigned according to if they did a task or not. Each task for the individual aides was scored as a one or
zero, respectively. If the other aide fulfilled the task, it did not count for the aide that was supposed to have
completed the task. Both aides’ scores were combined to create an overall score for each turnover.

The detailed ASWP adherence was 73%, and the concise ASWP was 79%. The difference was not statistically
significant (p-value= 0.110). The detailed ASWP took an average of 10.12 minutes, while the concise ASWP took
an average of 10.42 minutes. The difference in average time was not statistically different either (p-value= 0.197).
However, the detailed ASSWP resulted in a standard deviation of 2.18 minutes, while the concise ASWP resulted in
a standard deviation of 3.79 minutes; they were statistically different (p-value < 0.05). The detailed ASWP was
preferred since it resulted in a smaller standard deviation.

After the experiment, a meeting helped provide the research team feedback about the written procedures, even
from those who had not participated. It was agreed that a simpler form of the procedure needed to exist, but the
detailed ASWP would still be used for training new aides. The aides made suggestions about wording and what
should go into the simplified version of the procedure.

3.5. New (Future) State

Once a final ASWP was agreed on, the aides performed the new procedure for about 12 new turnovers, and a
future state VSM was created from the observations and time studies. Figure 10 shows the new state of the aides
cleaning with the ASWP.
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Figure 10. OR Aide Future (Implemented) State Value Stream Map
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The cycle starts when a turnover is called and ends when the room is clean. The times used for analysis are from
the time the patient leaves until the room is clean. It can be seen that the process is much more linear and less
chaotic. The value-added time decreased as tasks have been redistributed. The non-value-added time decreased as
well. Therefore, the overall total time decreased along with the standard deviation due to the standardized work.
According to the Future State VSM, the OR cleaning can be accomplished ideally on an average of 10.2 minutes.

Figure 11 presents the old versus the new turnover times, taken four weeks after implementing the ASWP.
Turnover time for the ASWP was 11.80 minutes, which is 2.20 minutes faster than the old average but a little over a
minute and a half more than the original time aides did during the observations captured in the Future State VSM
(10.2 minutes). However, the current aides were new hires. They were still in training and still learning everything
that goes on during a turnover, including the cleaning and bed configurations.

What is more important is the decrease in standard deviation; it decreased from 5.22 minutes to 1.93 minutes,
which is substantial. This difference was statistically significant (p-value = 0.001) and one of the most significant
findings of creating an ASWP.

The new ASWP mandated that no more than three people may clean at any one time. Other staff members should
do activities they are specifically trained for, such as the patient care aspect of a turnover and tasks they can only do.

Turnover Cleaning Times
(Time patient leaves to room clean)
Old System Vs. New System

27.00

25.00 —e—O0ld

23.00 (stdev=5.22)
21.00

19.00 \\ —&— New

17.00 (stdev=1.93)
15.00 \ /\\

13.00 +—g— 7 ——0ld Average
11.00 S (14.00)
9.00

7.00 New Average
5.00 T T (11.80)

5 6 7 8 g 110 110 12
Sample Number

|

Time in Minutes

[
N
w
S

Figure 11. Turnover Cleaning Times Compatison

4. Discussion

This research focused on creating an agile standardized work procedure (ASWP) for cleaning the ORs after each
surgery. The ASWP is considered agile because the same work is getting done every time, but since the number of
people performing the work can vary, the work procedure can quickly and easily adjust to staffing changes.
Anywhere from 1-3 people at any time can still complete the standardized work procedure.

The old cleaning method was highly dependent on how many people were available, and there were no assigned
tasks. Nurses and aides shared with the research team that sometimes equipment in the room got cleaned multiple
times (over-processing) or not at all, depending on the communication; and getting help in the room was hard
because no one knew what was happening as far as the cleaning or set-up process. Therefore, the benefit of
standardized work was allowing more communication with fewer people so that everything got cleaned the same
way every time.

The research team spent some time shadowing and collecting data to understand the process. Findings were
presented to the staff, which facilitated a discussion about the differences between what was observed and what was
supposed to be happening or if a process was defined. It also allowed questioning if some of the actions were
required, personal preferences, or “how it has always been done.”
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A Kaizen Event was conducted where tasks were distributed by clustering them in groups according to precedence
(serial tasks) and created parallel streams of those groups (parallel tasks) while preserving the required precedence
between and within groups.

We designed a detailed and concise ASWPs and compared their performance according to completion time and
adherence. The means of the detailed and concise written ASWP were found not to be statistically significant.
However, the standard deviation was statistically different. This is contrary to what Randolph (2006) suggests,
which is to have a simple language, consistent format, and easy to use procedures.

After the experiment, a simplified ASWP was created to be posted in every OR for a quick reference. This reminder
poster can be seen in Figure 12. It is in the same format as the previously written procedures but only used
keywords and showed how a third person, if available, would be able to help. (“Silver” was their term for all the
metal fixtures in the room, such as the tables or stands).

Along with this reminder, the staff was informed that no more than three people cleaning were allowed so that
communication would increase and allow others to do other tasks.

The ASWP successfully decreased the time and standard deviation of the cleaning part of the turnover. This
helped with reducing the overall turnover variability. Figure 13 depicts the procedure shown as agile for 1, 2, or 3

people.

There can be different combinations of 1, 2, or 3, while the procedure is being performed. The procedure’s
adaptability also allows any combination of 1, 2, or 3 people to come in and out of the cleaning process. For
example, the turnover might start with one person and end with three people, or three people may start, and the
cleaning ends with one because the others had to take care of other turnovers.

For example, when having two people available to do the cleaning, each of the two people will start with specific
tasks. From the figure, it can be seen that there is a burst inside the Mop square that reads “1st Done”. This
indicates that the first done from their tasks grabs the mop, while the other will start prepping the room once they
are done with their tasks. Whoever is done from the second round of tasks first will take care of resetting or
changing the Neptune and putting kick bucket bags, while the person who finished second will be in charge of
doing the final check.

Cleaning the Room with 1-3 People

.% ap i

Pe:S.T 1 l = l Person 2
Initial Tasks 1 Initial Tasks 2
QClear Bed QThrow Away
Olights Circuit/Suction
QSilver QWipe Wires
QOWipe Bed
;Done<= Preparation
ZaN M ONew Circuit
op QBedroll
ODrape Bed
Hoipo it red toms (tvaiani), | | | DPrep wires
. ___ S =177
i Final Check! ! " Done-|
1 ¥ Circuit | TN
! vSuction ! ONeptune
1 ¥'Bed Lock | H
Py 1|| QKick Buckets
! vKick buckets (bags) :
S coney ca e ;

Figure 12. Cleaning Procedure Room
Reminder
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Figure 13. How the flexibility works on the in-room reminder

The ASWP was implemented for cleaning ORs after all types of surgeries. After 692 surgeries, the ASWP was
proven to work for all types of surgery (not just certain types), which, according to Cima et al. (2011), is not
currently documented in the literature. We were able to accomplish this with the creation and implementation of an
ASWP. The overall turnover time (cleaning + preparing the room for the next surgery) for all surgeries was reduced
by an average of 1.1 minutes, and the standard deviation was reduced by 1.8 minutes. Both resulted in statistical
differences (p-value,,,= 0.018, p-valuey4.,=0.021) when compared to historical data.

The times saved in the OR during non-operative time adds up, only if it is a minute or two for every turnover. Since
it costs $33/minute to run the ORs and they are not recouping the costs between surgeries, every minute counts.
The hospital’s savings with only two minutes reduced is about $13,200 a month for an average of 50 turnovers a
week and four weeks per month.

The collaboration between the research team and the owners of the process let aides and nurses know that their
guidance and active participation made the difference in having impactful outcomes and reaching sustainability of
the changes and improvements. Strategies such as empowerment, engagement, and leadership directly from the
aides and nurses in discussion sections and, more importantly, in the decision-making process allowed the team to
get into the implementation face and the project’s success. The involvement of such stakeholders makes the
difference between a success or a failure in the trajectory of a Lean or Kaizen project in the healthcare sector
(Lindsay, Kumar & Juleff, 2020; Nino, Claudio, Valladares & Harris, 2020)

One phrase that can be heard about healthcare is that standardization and standardized work are hard to implement
because “every patient is different.” There is no way to predict what can happen or be able to make every process
the same. Yes, there will be different equipment and different setups because each nurse or doctor likes their room
in a particular way, and patient complications happen. However, not all tasks are surgery specific. Every room needs
to be cleaned, linens on the bed need to be changed, contaminated supplies, instruments, and trash need to leave
the room, and every room needs to be mopped. Understanding how to unlink the staff’s prejudices from everyday
work was important in getting creating the ASWP.

Involving aids in the improvement process and talking about the importance of following the ASWP was crucial to
the reception of the new standards (Lindsay et al., 2020). Some aides were not completely following the steps, but
talking about the new ASWP in the context of patient safety opened their eyes to the fact that following a
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procedure that did the same thing every time would help them create a safer environment for their patients. It
wasn’t just about money anymore, like they had heard their manager discuss multiple times; they were making a
difference for their patients by following this new procedure.

After the implementation of the ASWP, the hospital noted a slight decrease in infection rates. We cannot claim that
the ASWP directly improved the infection rates as multiple factors could influence a patient’s outcome. However,
we can at least say that the ASWP did not have a negative effect on the infection rates of patients.

5. Conclusion

This research looked at how an agile standardized work procedure (ASWP) for the turnover cleaning stage in the OR
decreases the time and standard deviation and works across all types of surgeries’ turnovers. ASWP refers to allowing
the process to be completed the same way every time effectively with any number of people ranging from 1 to 3. The
flexibility not only accounts for the number of people who are to complete the procedure but also considers that
some of them are only available during portions of the cleaning stage due to multiple turnovers or duties.

A standard deviation decrease was the first sign of the improvements affecting everyday activities and turnover
times. This means that if the standard deviation of the entire turnover can be decreased, not just the cleaning, the
schedule will become more accurate because turnovers are only scheduled for specific amounts of time, depending
on the surgery. The cleaning ASWP is only one step, but if the entire turnover can become predictable, new
turnover times for the schedule can be made to help scheduled surgeries occur on time.

This research work presents how an issue was resolved successfully for all types of surgeries at one hospital. Future
research should focus on replicating an agile standardized work procedure in different contexts and comparing
whether the results converge or diverge with those of this work.
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