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Abstract

AdventHealth’s Orlando South Emergency Department’s (ED) Pink Pod, or Lean Pod, routinely provides some of the
best patient satisfaction and processing time results in AdventHealth EDs in the Central Florida region; however, there
are numerous opportunities to improve the process further by addressing systemic bottlenecks within existing
operating procedures. The team sought to find opportunities to accomplish this while also establishing best practices
and finding weaknesses within the existing system. Here we report the results of our Lean Six Sigma (LSS) effort
toward improving an area of the ED that, statistically, is operating well but has the potential to perform even better.
The team conducted explorative observations and interviews with Pink Pod medical staff and leadership to get a better
understanding of existing procedures as well as employee concerns relating to Pink Pod processes and analyzed
historical data collected and provided by AdventHealth to identify trends and key statistics. Ultimately, the team was
able to pinpoint several causative factors affecting patient time-in-system and satisfaction, including issues with
communication between departments, transportation of patients, the triage process, the implementation of team
nursing, and gathering and disposing of equipment for use with or on patients. Remedying these issues helped to
alleviate potential areas for delay and led to increased patient satisfaction and less time spent in the ED for patients in
the Pink Pod. As a result of the project, AdventHealth has addressed many of the issues the team discovered, including:
adding more equipment, such as sharps bins; standardizing staffing with core groups of personnel for Pink Pod; and
revisiting their registration and triage process to help ensure patients are evaluated properly before being assigned to
their bed in the ED.
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1. Introduction

AdventHealth is responsible for the physical, emotional, and spiritual care of many patients. Each Emergency
Department (ED) of AdventHealth functions as their own independent system with processes differing from campus
to campus. The focus of this project will be to investigate the processes of the Orlando South ED campus. Within each
ED there is a multitude of areas a patient can be placed in depending on their ailment. These areas are defined as
“Pods.” The choice on what Pod a patient is placed in is dependent upon the Emergency Severity Index (ESI) that the
patient is assigned. These ESI numbers are defined on a scale of 1 to 5, with 1 being the most urgent and 5 the least
urgent, based on acuity and resource needs. Pink Pod, which will be the focus of this project, holds patients assigned
with an ESI level of 5, 4 or 3. The ESI level is assigned by the Triage Nurses upon initial evaluation in the ED. From
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Triage, the patients are sent to Pink Pod (if ESI is 5, 4, or 3) where a range of 2-6 nurses, an attendant physician and
one or two physician’s assistant(s) will begin administering the care required by the patient.

1.1 Objectives

This project has two main objectives. The first objective of this project is to lower the door-to-discharge time for the
Pink Pod to meet or exceed target levels by identifying bottlenecks within the Pink Pod, identifying bottlenecks at the
points of connection between the Pink Pod and other relevant departments within AdventHealth’s Orlando Campus,
and developing strategies and suggestions for how to overcome any bottlenecks identified The second objective is to
identify areas of concern with respect to the layout and organization of the Pink Pod and develop solutions to promote
efficient work within it. This will be accomplished by consulting healthcare professionals to understand factors which
impact their ability to provide care to patients, collecting data to understand the amount of time a given action by a
healthcare professional might take while they are away from their patient (i.e., disposing of sharps (syringes or other
medical items with sharp points or edges), and developing strategies and suggestions to lower the amount of time a
healthcare professional must spend away from their patient to interface with or dispose of equipment or supplies.

2. Literature Review

Hospitals and the field of healthcare have been very popular topics of discussion over the past few years, thanks in no
small part to the ongoing COVID-19 pandemic. The shock to the healthcare system was tremendous and numerous
hospitals found themselves scrambling to find ways to handle the surge of patients while their resources remained at
the same or lower levels as they were before the onset of the pandemic. Now that vaccines and other preventative
measures have become prevalent, COVID-19 isn’t the primary concern of many hospitals and their Emergency
Departments (EDs) have been able to return their focus to the usual patient concerns they dealt with pre-pandemic.
With the slow return to normalcy comes the return of common ED problems, however these are now exacerbated by
societal changes due to the pandemic. For example, nurses employed in EDs are often travel nurses, who are paid
significantly more and have less loyalty to the hospital than nurses who built their careers at a single hospital location.
These travel nurses are signed to time-limited contracts and often request increased salary to stay in their role after the
contract has expired. If their salary demands aren’t met, the nurses leave and new nurses need to be brought in to fill
their place. In a well-functioning job market, this wouldn’t be a problem, as there would be many nurses ready and
willing to take these newly opened positions. However, the job market that exists today has concerningly few nurses
who are looking for positions in EDs and, therefore, when nurses leave the ED, they’re often very difficult to replace
with experienced nurses. This results in a lack of experience-driven quality from new nurses for the benefit of the
patients in the ED. A decrease in quality might affect how a nurse interprets their responsibilities and ultimately how
long it might take for services or care to be rendered to a patient. Without a doubt, to the patient, the length of their
stay in the ED is among the primary determining factors involved in their assessment of satisfaction—perhaps second
only to whether their chief complaint was addressed adequately while they were in the ED. To make matters worse,
the longer a patient stays in the ED, the longer their bed is occupied and thus the longer another patient may have to
wait to be seen and treated.

Many studies have been conducted on the implementation of Lean and Six Sigma methodologies in EDs with the goal
of increasing patient throughput without sacrificing patient care or patient satisfaction. However, there exists a gap
with respect to how hospitals have handled this problem since the COVID-19 pandemic began and changed the nature
of how healthcare organizations provide for their patients as well as how healthcare organizations deal with shortages
of nurses and other essential healthcare personnel and the effect of the shortages on patient care, satisfaction, and
throughput. In addition, there is another aspect of EDs that the pandemic has brought under an investigative spotlight:
structural and physical non-optimalities that were stressed and exposed during these past two years. It is the hope of
the authors of the present study that illumination will be provided with regard to each of these pressing issues and
their deleterious effects on the performance of the ED under study.

3. Methods

The team initiated the work for this project by first meeting with Emergency Department (ED) Leadership to establish
their perspective on the problems facing the Pink Pod. After the initial meeting, the team was given a tour of the
facility and a high-level explanation of how a patient moves through the Pink Pod, from walking in the door and
registering to their discharge after being seen by a provider. The team used this tour as well as subsequent visits to the
Pink Pod to further define the problems; in addition, surveys of Pink Pod staff consisting of nurses, medics, and
technicians to identify what sources of delays or other inefficiencies they came across during the performance of their
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duties were performed. This information was populated into a Pareto chart for analysis and returned several high
frequency complaints from staff including improper patient triage, lack of supplies, lack of organization, and staffing
issues.

The team then developed a Failure Mode & Effects Analysis (FMEA) and Cause-and-Effect Diagram to identify the
key failure modes and what aspects of the Pink Pod processes may contribute to the complaints observed in the
surveys. As a result, the team was able to highlight the root causes for the inefficiencies in the Pink Pod: the lack of
beds in the ED, leading to patients who should be in a different pod being placed in the Pink Pod and a lack of staff,
which places increased pressure on the staff that is present in the Pink Pod as well as staff that interfaces with the Pink
Pod, such as transport staff. The team moved to develop a list of recommendations and generated a Cost vs. Impact
Analysis to demonstrate how the recommendations could benefit the Pink Pod, based on the concerns of Pink Pod
staff.

4. Data Collection

For the initial observations, it was determined that the best time for their conduction would be during peak load times
to see the system under peak stress; in this way, any weaknesses would be more prominent and easier to notice without
repeated exposure and/or rigorous statistical analysis. During these observations, attention was paid to the flow of
patients from the ingresses through the processes by which they began to receive treatment, as well as to the tasks
performed by the staff that were facilitating those processes. Similar observations were conducted of the treatment
area as well, and in this way a qualitative understanding of the steps taken from patient ingress through treatment and
discharge was obtained. The understanding gained by this process was also useful for helping the team to formulate
questions to be asked of leadership that would help prepare the plan for the remainder of the project.

Upon completion of these initial observations, it was then decided that the next best course of action in finding
potential issues in the system beyond what was reasonable for direct observation was to “go to Gemba” and ask the
healthcare workers to elucidate further about their jobs via an eight-question survey that was constituted of questions
with varying levels of open-endedness. In this way we were able to get data that, while qualitative in nature, was
amenable to making quantitative through categorization. The questions asked during the surveys were:

1. What do you think of team nursing?

2. Is there anything in your regular duties that you feel just "doesn't make sense?" If so, what is it and why?
3. Do you feel like you're adequately equipped to do your job to the best of your abilities? If not, what could
be better?

Is there anything you spend a lot of time waiting on?

What are some things that stand out to you that could help in improving efficiency?

What challenges are unique to Pink Pod?

What is the procedure to transport patients from Pink Pod to wherever they may need to go? For example,
transporting a patient to Radiology.

8. Do you have any suggestions for improvement or areas of concern not covered in any other questions?

N o w ok

The team was able to gather twelve complete survey responses in total. It was noted that the nurses were generally
open—if not excited—to speak about potential issues and improvements within Pink Pod. The responses seemed to
yield a good degree of conformance with one another, with the biggest difference observed being between newer
nurses and more veteran nurses.

Exploratory time studies were then conducted in an attempt to quantify the time spend on—and thus potential delays
associated with—routine treatment activities. These were conducted by simple observations of healthcare staff
activities and timing (with single-minute precision) their duration. These measurements were taken on the basis of
twelve patients.

The team also interfaced with the transport department in order to obtain data from them on the typical times it takes
to perform their services on patients; these services are to transport patients (usually in hospital beds or wheelchairs)
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from one area of the hospital to another to have services in different departments performed for them. In this way,
additional context was given with respect to the magnitude of the times observed in our time studies.

5. Results and Discussion

5.1 Numerical Results

The exploratory time studies that were performed sought to find a rough size and variance of typical treatment tasks
that most or all patients receive to help quantify the differences between those delays that may be said to be due to
inefficiencies associated with processes, equipment, or interfaces with external resources compared to them. The
results of these studies can be found in Table 1 below.

Table 1. Results of exploratory time studies on typical treatment tasks

Activity Average Median Std. Dev.
Arrival To Assessment (N = 12) 0:03 0:02 0:03
Initial Assessment (N = 12) 0:03 0:02 0:01
Iv Installed (N = 8) 0:08 0:07 0:03
Assorted Nurse Interactions (N =11) 0:05 0:03 0:06

Data was obtained from the transport department outlining the median and mean times for a typical day. The data
shown here in particular are those times associated with transporting patients to get a CT scan; this is the one type of
imaging scan that the imaging department always comes to get the patient for (rather than the nurse bringing them in
for), and as such is a good representation of how long transport takes when totally under the control of the transport
department. For a representation of this data in table format, see Table 2 below.

Table 2. Data from the transport department giving the median and mean time for different legs of transport over a

day (N =8972)
Transport Milestone Status Interval Median (Mm:Ss) Average
(Mm:Ss)
Transport Request To Transport Start 06:39 10:20
Transport Start To Transport Complete 12:30 16:02
Transport Request To Transport Complete 22:55 26:29

5.2 Graphical Results

Process maps (PMAPs) were developed as a result of the qualitative process observations. Upon completion of the
PMAPs developed directly from observation, ED leadership was then consulted for input, and fine adjustments made
to them were necessary. In total, five process maps were created: registration, triage, bed traffic control (BTC),
treatment, and discharge; these PMAPs will each be given in turn below in figure 1-figure 5.
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Figure 5. PMAP of the discharge process

The results of the interviews conducted with the nursing staff were analyzed for common trends that could be used to
form the basis of categories. The result of the analysis of the interviews was then split into three areas: items for
improvement, major causes of wait time, and equipment needs (Figure 6-8). These results are given below in the form
of a Pareto chart and two pie charts.

Nurse Interviews: Challenges/Items for Improvement
9 100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 6. Pareto chart of improvement items from nurse interviews
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Nurse Interviews: Major Causes of Wait Time

= Imaging = Lab Results = Pharmacy Open rooms for admittance

Figure 7. Pie chart of the major causes of wait time identified from the nurse interviews

Nurse Interviews: Equipment/Supply Needs

= SHARPS Containers = Better Monitors = Improved Organization/ Placement

Additional Computers = More Reliable Oxygen Readers

Figure 8. Pie chart of the equipment and supply needs identified from the nurse interviews

Through a combination of the observations of failure modes as well as brainstorming and discussions with staff, a
failure mode effect analysis (FMEA) was conducted to identify potential failure modes and their severity within the
system with respect to the frequency of occurrence and current controls that exist to prevent the failure mode; the

results can be found in Figure 9 below.
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Figure 9. FMEA developed over the course of the study

Brainstorming was performed to determine potential causes of decreased patient throughput; after this, the most
important factors were identified in accordance the results of our observations and nurse surveys. The results of
these efforts can be found in Fig. 10 below (note causes identified as most important are highlighted) (Figure 10).
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Figure 11. Cause-and-effect diagram developed over the course of the study
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5.3 Proposed Improvements
The team proposed several improvements as a result of our analysis. These included:

e Keeping core groups of workers in the Pink Pod who want to be there
New doors for patients in the Pink Pod to provide privacy and as a health safeguard
Increased Sharps bin availability
More laptops for Pink Pod staff
More CT machines
Revise registration process to check for patients with conditions excluding them from care in Pink Pod
And improvements to the triage process
With the implementation of these improvements, we believe that patients will experience reduced wait times while
in Pink Pod. Pink Pod staff will spend less time trying to find specific forms and equipment throughout the ED and
will be able to provide care to patients in a timelier manner. The team also believes that effectively explaining to
employees in the Pink Pod expectations and how to achieve them will ultimately aid them in meeting expectations
as everyone will be aligned to the department’s vision; likewise, should this prove to be insufficient for helping to
meet expectations, some sort of accountability system could be implemented. Keeping core groups of employees in
the Pink Pod is beneficial as they work together better as a team that has good chemistry rather than a seemingly
random group of employees who rotate in and out of the Pink Pod as their schedules, or the department’s schedules,
allow. Ultimately, tight cohesion and high performance of the group on both the individual and group level is of the
utmost importance due to the team nursing arrangement present in the ED.

6. Conclusion

The results of our study provided several areas for improvement for the Pink Pod as well as for the ED and
AdventHealth as a whole. The team recommends an improvement to the onboarding process for new employees which
will introduce them to Standard Operating Procedures (SOPs) based on the PMAPs the team developed for the key
processes a patient will pass through during their time at the ED. Recommendations also include providing a binder
in the Pink Pod with these SOPs as well as any relevant common health or safety information in case an employee is
unsure of how a task is completed or how to deal with a certain situation they may face in the Pink Pod.

Difficulties were encountered in attempting to obtain and utilize data for certain time-based metrics; specifically, the
time taken for the imaging process (excluding transport time). This was identified as a major item that the nurses
waited on in the treating of patients as per Fig. 7, thus motivating investigation into the time associated with this time
item. However, it was found over the course of the study that this data was recorded manually, and thus was
sufficiently low fidelity as to warrant its dismissal during the course of the performed analysis. This then presented
the team with difficulties in placing numerical values on the savings to be had through the implementation of various
measures as a share of the magnitude of the patients’ time-in-system.

Communication problems were evident between leadership and the workforce. In several instances, employees were
asked to explain the process behind certain tasks. There was a high level of variance in response depending on the
level of experience of the employee as well as how long they’ve worked within Pink Pod. This contrasts with what
was explained to the team by leadership, which is that everyone is expected to know what they’re doing or what
they’re supposed to be doing. During our surveys of the employees, we encountered someone who claimed they did
not know what the proper procedure for a certain task. We believe this could be remedied by a combination of the
solutions provided in Section 5.3 as well as townhall style meetings between leadership and employees to ensure
everyone is on the same page and knows what is expected of them.

Overall, the study identified several weak areas within the ED. It can be reported that the ED has already begun the
process of implementing some of these changes, and to very positive effect. The largest change so far has been the
implementation of core groups or teams of nurses that work together within Pink Pod regularly. The increase in
satisfaction among the nurses has been reported by leadership to have been improved, as well as the patient
throughput—though statistics on these improvements are lacking at the time of writing. Other small improvements
including additional sharps bins and a revised registration have also been rolled out, though the effects of these changes
are also yet to be quantified.

© IEOM Society International 2298



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

References
Ahmed, S., Manaf, N. H., & Islam, R, Effects of Lean Six Sigma application in healthcare services: a
literature review. Reviews on environmental health, 28(4), 189-194. 2013
Allaudeen, N., Vashi, A., Breckenridge, J. S., Haji-Sheikhi, F., Wagner, S., Posley, K. A., & Asch, S. M, Using
lean management to reduce emergency department length of stay for medicine admissions. Quality
management in health care, 26(2), 91-96. 2017
Arafeh, M., Barghash, M. A., Haddad, N., Musharbash, N., Nashawati, D., Al-Bashir, A., & Assaf, F, Using
six sigma DMAIC methodology and discrete event simulation to reduce patient discharge time in king
hussein cancer center. Journal of healthcare engineering, 2018.
Daly, A., Teeling, S. P., Ward, M., McNamara, M., & Robinson, C.,). The Use of Lean Six Sigma for
Improving Availability of and Access to Emergency Department Data to Facilitate Patient
Flow. International Journal of Environmental Research and Public Health, 18(21), 11030. 2019
El-Eid, G. R., Kaddoum, R., Tamim, H., & Hitti, E. A. , Improving hospital discharge time: a successful
implementation of six sigma methodology. Medicine, 94(12). 205
Furterer, S. L, Applying Lean Six Sigma methods to reduce length of stay in a hospital's emergency
department. Quality Engineering, 30(3), 389-404. 2018
Godley, M., & Jenkins, J. B, Decreasing wait times and increasing patient satisfaction: a lean six sigma
approach. Journal of nursing care quality, 34(1), 61-65.2019
Habidin, N. F., Yahya, N. Z., & Ramli, M. F. S. , Using LSS DMAIC in improving emergency department waiting
time. Int J Pharm Sci Rev Res, 35(2), 151-155. 2015
Henrique, D. B., & Godinho Filho, M, A systematic literature review of empirical research in Lean and Six Sigma in
healthcare. Total Quality Management & Business Excellence, 31(3-4), 429-449.2020
Hussein, N. A., Abdelmaguid, T. F., Tawfik, B. S., & Ahmed, N. G, Mitigating overcrowding in emergency
departments using Six Sigma and simulation: A case study in Egypt. Operations Research for Health
Care, 15,1-12.2017
Improta, G., Romano, M., Di Cicco, M. V., Ferraro, A., Borrelli, A., Verdoliva, C., ... & Cesarelli, M, Lean
thinking to improve emergency department throughput at AORN Cardarelli hospital. BMC health services
research, 18(1), 1-9.2018
Johnson, C., Shanmugam, R., Roberts, L., Zinkgraf, S., Young, M., Cameron, L., & Flores, A, Linking lean
healthcare to six sigma: An emergency department case study. In IIE Annual Conference. Proceedings
(p. 1). Institute of Industrial and Systems Engineers (IISE).2004
Klein, D., & Khan, V, Utilizing six sigma lean strategies to expedite emergency department CT scan
throughput in a tertiary care facility. Journal of the American College of Radiology, 14(1), 78-81.2017
Kobo-Greenhut, A., Holzman, K., Raviv, O., Arad, J., & Ben Shlomo, I, Applying health-six-sigma
principles helps reducing the variability of length of stay in the emergency department. Infernational
Journal for Quality in Health Care, 33(2), mzab086.2021
Majid, N., Mohd Suradi, N. R., & Ahmad Sabri, S, Analyzing the waiting time pattern for non-critical patients
in the emergency department using six sigma approach. In AIP Conference Proceedings (Vol. 1522, No. 1, pp.
1492-1498). American Institute of Physics.2013
Mandahawi, N., Shurrab, M., Al-Shihabi, S., Abdallah, A. A., & Alfarah, Y. M, Utilizing six sigma to improve
the processing time: a simulation study at an emergency department. Journal of Industrial and Production
Engineering, 34(7), 495-503.2017
McKenry, M. C, Deming-based Lean-Six Sigma applied to the length of stay in an urban Emergency
Department.2012

Biographies

Michael Sedlack is an Electrical Engineering graduate student in the Department of Electrical and Computer
Engineering (ECE) at the University of Central Florida (UCF). He earned B.S. degrees in Physics and Electrical
Engineering from UCF in 2019. His graduate research interests have been in the effects of radiation on wide bandgap
compound semiconductor devices, with an emphasis on material damage and its effects on device reliability. He also
spent several years in a mechanics of material research group during his undergraduate studies, wherein he designed
and built the sensor and control systems for material test apparatuses.

Chirag Merchant is a Systems Engineering graduate student in the Department of Industrial Engineering and
Management Systems (IEMS) at the University of Central Florida. He has also earned a B.S. in Industrial Engineering

© IEOM Society International 2299



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

and a graduate certificate in Systems Engineering from UCF. Mr. Merchant has experience in Public Works and
Facilities Engineering, working with the City of Orlando and the U.S. Army Installation Management Command
(IMCOM). His research interests are broad, but include systems engineering, ergonomics, human-machine
interactions, healthcare, and technology. He hopes that his work will make it easier for people to help others, especially
in human-centered fields such as healthcare.

Ismael Hussein is a Systems Engineering graduate student in the Department of Industrial Engineering and
Management Systems at the University of Central Florida. Ismael has earned a B.S. in Computer Engineering at UCF.
He is currently employed as a software engineer at Lockheed Martin where he performs software engineering lifecycle
requirements following the program Software Development Plan to include requirements analysis, object-oriented
analysis & design, code & unit test, integration, and support to formal test and delivery within avionic flight simulation
systems.

Matthew Kenney is an Industrial Engineering graduate student in the Department of Industrial Engineering and
Management Systems at the University of Central Florida. He earned a B.S. in Industrial Engineering form UCF with
a minor in Mathematics. Mr. Kenney has experience in manufacturing and logistics through his experience with
Advanced Drainage Systems over the last three years. He currently holds a continuous improvement role at the Winter
Garden plant. One of his goals is to obtain a black belt certification in Lean Six Sigma and lead improvement projects.

Nathan O’Brien is an Industrial Engineering graduate student in the Department of Industrial Engineering and
Management Systems at the University of Central Florida. He previously earned a B.S. degree in Industrial
Engineering from UCF. Mr. O’Brien is currently a participant in the College Work Experience Program (CWEP), a
joint program between UCF and Lockheed Martin, where he has worked for the Enterprise Facilities department for
2 years.

Thomas Strock is a Systems Engineering graduate student in the Department of Industrial Engineering and
Management Systems at the University of Central Florida. He has also earned a B.S. in Aerospace Engineering from
Western Michigan University (WMU). Mr. Strock is currently a Systems Engineer at Lockheed Martin RMS and has
been employed with them for seven years. His hope is to broaden his knowledge of systems engineering and quality
control processes to better fit future roles as a working SE.

© IEOM Society International 2300



	1. Introduction
	1.1 Objectives
	2. Literature Review
	3. Methods
	4. Data Collection
	For the initial observations, it was determined that the best time for their conduction would be during peak load times to see the system under peak stress; in this way, any weaknesses would be more prominent and easier to notice without repeated expo...
	5. Results and Discussion
	5.1 Numerical Results
	5.2 Graphical Results
	Process maps (PMAPs) were developed as a result of the qualitative process observations. Upon completion of the PMAPs developed directly from observation, ED leadership was then consulted for input, and fine adjustments made to them were necessary. In...
	5.3 Proposed Improvements
	The team proposed several improvements as a result of our analysis. These included:
	6. Conclusion
	The results of our study provided several areas for improvement for the Pink Pod as well as for the ED and AdventHealth as a whole. The team recommends an improvement to the onboarding process for new employees which will introduce them to Standard Op...
	References



