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Solution Title: Rethinking Nuclear Medicine Workflows
Program/Project Description, including Goals

What was the problem to be solved? How was it identified? What baseline data existed?
What were the goals—how would you know if you were successful?
Nuclear Medicine stress testing compares myocardial blood flow at rest with perfusion at stress.
Prior to FY 19, all patients with suspected ischemic cardiac events who were felt to require
assessment with stress nuclear imaging at our institution had their test utilizing a rest/stress
Nuclear Medicine protocol. This test took 3 to 4 hours to complete before results were available
for clinical patient management decisions to be made. It also required an average radiation dose
to the patient of 11 mSv. The rest imaging portion of the study has an image taken to assess the
blood supply to the heart at rest. The stress portion of the test involves assessing the blood flow
when the heart was “stressed” through exercise or medication. If the rest and stress images both
had normal perfusion, the test would be “normal”. If the stress images have a defect and rest
images are “normal”, there is likely to be a blocked coronary artery. If both stress and rest
images are abnormal, there is evidence of a myocardial infarct (heart attack). The location of the
defect correlates with a specific vessel of the heart supplying the blood to the muscle.
When performing rest images first and stress images second, both parts of the test are required
for interpretation. This was the typical protocol used by Nuclear Medicine departments
nationally (1). Our team discussed how it might be possible to change the test protocol to benefit
the patient and the hospital system. Our hospital system invested in a new Nuclear Medicine
system which incorporates CT attenuation correction. This technology provided us with options
for newer Nuclear Medicine protocols. We decided to implement a new protocol utilizing a
stress first strategy. This protocol allows interpretation of the stress images immediately after
acquisition. The benefit of this strategy was that if the stress portion of the study was “normal”,
no rest imaging would be required. In cases in which the stress images were normal, the testing
ends. The radiation dose to the patient would be reduced by 62%, and the length of the exam
would be decreased by 2-3 hours. This decreased radiation dose greatly benefits the patient. It
also allows medical management decisions to be made in a timelier manner. If the stress test is
abnormal, the patient would proceed with rest imaging and the overall length of testing and
radiation dose would not change. In order to improve throughput, improve patient safety and
experience, the stress first protocol was evaluated (2,3). If the stress first perfusion test was
normal, the patient was finished with Nuclear Medicine imaging and cleared for discharge from
a cardiac perspective. The only significant change was to the front line team member’s
workflow.
The goal of our project was to get diagnostic information to providers faster for more timely
patient management decisions and to reduce patient radiation dose. With the implementation of
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a stress first protocol, our providers would be able to identify studies with a “normal” blood flow
after only half of the original test, saving patient time in house and exposure to radiation. This
was going to require some hard conversations and workflow changes. In our original
configuration, Cardiologists were reading the ECG portion of tests 100% of the time and the
Nuclear Medicine images were read by Radiologists every other week and the Cardiologists
every other week. We determined that in order to make the protocol conversion work it would be
necessary to integrate clinical information, ECG information and nuclear information at the time
of stress test review in order to best determine whether rest imaging was required. This
comprehensive review of all available data could only be done by Cardiology and performed
while the patient was still in the department, adding efficiency to the process.
While this efficient decision making benefits our clinicians, it also benefited our patients. Our
original state had the patients waiting an average of 164 minutes for results of their test, but the
trend was starting to go up, as seen below in Figure 1.
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Figure 1

Our goal was to convert 90% of all Nuclear Medicine stress test exams at Upper Chesapeake
Medical Center (UCMC) to a stress first protocol instead of rest/stress protocol by December
2018. After review of historic nuclear stress data we were hopeful that 50% of all nuclear stress
studies could be performed as stress only. In these patients, radiation exposure could be
decreased from 11mSv to 4.1mSv per patient.
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Process & Solution

What methodology or process was used to develop the solution? What Solution was
developed? How was it implemented?
We utilized IMPRV (Identify, Measure, Process, Re-Think and Validate), which is a best-inclass methodology founded upon the key tenets of Lean, Six Sigma, project management, and
change management theories. IMPRV provided a structured way for University of Maryland
Upper Chesapeake Health (UM UCH) teams to identify opportunities for improvement, analyze
the situation, and develop a solution to solve the problem at hand. In July of 2018, UCMC
formed a cross-functional team to create a new stress/rest protocol led by the Director of Imaging
and a Cardiology Physician Champion. The team applied the IMPRV Methodology to identify
opportunities and meet their goal of 90% Stress/Rest.
Identify: The key objective of the Identify Phase was to clearly define the problem, identify the
current state, and develop a solid business justification for executive and organizational
sponsorship. A charter (Figure 2) was composed during this phase to set the stage and scope of
the work. Once the team felt they had a keen understanding of the problem to be solved, they
moved on to Measure Phase.

Figure 2: Project Charter
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Measure: In the Measure Phase the team worked to further understand the current state of the
process and collect sound data on process performance. A cross-functional team was assembled
to map out the current process and evaluate the data. In addition, since conversations regarding
physician coverage were needed, contracts for the Radiologists and Cardiologists were pulled
and evaluated. As a reference, the ASNC Imaging Guidelines (4) for Nuclear Cardiology
Procedures were gathered, and the Cardiologists felt that stress first was possible based on Figure
3 below.

Figure 3

Process: During the Process Phase, the team used the process and performance information from
the Measure Phase to assess and analyze data, perform root cause analysis for potential issues,
and identify waste and inefficiency. The team identified that the time the patient spent receiving
a rest image (if the stress portion was normal) could be eliminated in many patients. Of primary
focus from a data perspective was the current capacity for Nuclear Medicine. Currently, the
Nuclear Medicine department was able to provide testing for four outpatients, and approximately
four inpatients per day. This resulted in a two week delay to schedule an outpatient test. Also,
inpatients had to be ordered by 11am in order to make the radiopharmaceutical delivery time.
Having patients needing only a stress test would allow for more inpatients to be seen in the
afternoon.
Re-Think: The main objective of Re-Think was to design a safer and more efficient process.
During this phase we outlined a full-scale implementation plan of our improvement solutions
and scripting for the patient.
First, the team addressed scope and responsibilities for the physicians. A meeting was held
between the Chief Medical Officer, contracted Radiology group, VP of Clinical Operations and
the Imaging Director to put forth a change in the contract. By focusing on putting the patient
first and utilizing the literature referenced in the Measure phase, the group was able to come to
the consensus that the patient experience was the most important, and the volume could be
shifted from the Radiologists to the Cardiologists.
To address workflows, the cross-functional team mapped out the new process and details on how
to schedule patients (Figure 4 and 5). Areas of conflict, new changes, new processes, and
dependencies were defined. The group had to define the new workflow in both the Stress Lab
and Nuclear Medicine department, since the patient start area would be completely reversed.
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Figure 4: Mapping Future State, Gaps and Action Items

Figure 5: Detailed Inpatient and Outpatient Future State Workflow

Some great features of the new flow:


Stress portion was performed first



Cardiologists were able to read images from their office, and therefore just needed to be
Doc Halo’d when a test is complete



Communication board was modified to indicate and error-proof communication on which
phase the patient was on



A new schedule accommodated 50% more outpatient tests, and started earlier in the day
so as to minimize the time a patient must spend fasting (NPO)
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A go-live of October 15, 2018 was set and communication began. Communication included:


Education to each stakeholder type (including outpatient referring physicians)



All team members signed the new Standard Operating Procedure



Met and changed standing orders with radiopharmaceutical vendor



Met with billing regarding a change in RVU and CPT codes



Updated instruction sheet developed for the patient

Validate: The key objective of the final phase of IMPRV was to complete solution
implementation, ensure process accuracy, and provide comprehensive training on the solutions to
ensure sustainment. Ownership was transferred from the project facilitator to the process owners
and team members who will implement the solutions put in place.
We tweaked some minor items from lessons learned at the 14 day, 30 day and 45 day check-ins.
One item that was addressed based on feedback was our Doc Halo element of the process. The
future state had outlined the Physician Assistant (PA)’s texting a Doc Halo group as soon as the
test was done. Since it was sent to a group, physicians were getting texts when they were not
working. To address this, instead of a generic Doc Halo group, every day a new Doc Halo group
was created.
Adjustment was also made on the ordering of radiopharmaceuticals. Since volumes increased,
but less rest images were being taken, the team made adjustments to how much they were
ordering, and when. What was ordered lasted longer through the day, so the team altered the
time for inpatient ordering of stress tests from 11am to 2pm. This allowed for more inpatients to
be added to the day’s schedule.
Since the imaging team set this project as their performance improvement objective for the year,
quarterly data was collected and reviewed by the team and Performance Improvement. Updates
on this project were also regularly presented to the organization’s Patient Safety and Quality
Council.
Measurable Outcomes

What are the results of implementing the Solution? Provide qualitative and/or quantitative
results to data. (Please include graphs, charts, or tools.)
Due to the robust process, implementation plan and strong physician championship, as seen
below in Figure 6, the group achieved their goal of 90% conversion immediately. This
conversion was sustained for almost a year which continues to this day.
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Figure 6

Not only was the stress/rest protocol followed, but 67% of patients were saved from a second
image and could go home after their stress portion. Considering our initial approximation of
50%, this surpassed our initial hypothesis. See Figure 7.

PATIENTS NEEDING ONLY STRESS
Stress / Rest,
33%

Stress Only,
67%

Figure 7: Patients Needing Stress

Having 67% of patients receive only a stress test dramatically impacted the patient’s exposure to
radiation. As seen below in Figure 8, for the same population following the old protocol,
13,651mSv of radiation would have been administered. Since these patients only received a
stress test, they received 4,964mSv – a difference of 8,687mSv. As a point of reference, this
8,687mSv equates to 1,241 Chest Computed Tomography (CT) exams or 7.7 years of natural
background radiation.
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From a financial perspective, each patient that needed only a stress test saved the cost of a
second dose of radiopharmaceutical. Since each dose costs approximately $36 (depending on the
unit vial size), the approximate saved cost is $44,676 in our first year. We used this savings to
accommodate additional volume.
Our time to get results to the patient dramatically dropped as well, which improved throughput
and reduced patient waiting. As seen below in Figure 9, we saw a reduction in the time the
image was taken to the time it was resulted. Before, we had an average of 164 minutes. After go
live (excluding the go live month of October), we saw an average time of 72 minutes.
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Finally, from a capacity perspective, when we started the protocol the backlog (date till next
available appointment) was two weeks. After implementing for one year, we no longer had a
backlog, and patients were scheduled the same week. In addition, instead of four outpatient
appointments a day, the schedule accommodated eight outpatient appointments per day, doubling
the outpatient capacity.
Sustainability

What measures are being taken to ensure that results can be sustained and spread?
The protocol and results have been sustained for a year now. Patients are able to be scheduled
same week, eight outpatients were seen a day, and the protocol compliance continued to be over
90%.
The physicians lead through their engagement and quick feedback to assure this program is
successful. Because the physician order process stayed the same, but protocol applied was
different, no error proofing or education was needed on how to order a stress /rest v. rest/stress.
This simplified the sustainment and compliance process for the physicians.
To ensure proper workflow and following of protocol, the Nuclear Medicine communication
board has been updated and error-proofed. Patients are placed on the board in order, and a
magnet placed on the patient initials when the stress portion is completed and is waiting for
images. If a patient requires the rest portion, a comment is written next to the patient’s initials
for return time. However, if the stress images are “normal” they are erased from the board and
sent home. This allowed for cross-functional and cross-departmental communication at a glance.
An example is shown in Figure 10 below.

Figure 10
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In terms of volume, our increased capacity is sustained through a new schedule that allowed for
eight outpatients a day. In addition, by scheduling outpatients in the morning, the process works
naturally with inpatient workflows, allowing for morning rounds and orders to occur before
inpatient stress testing begun. By synchronizing workflows in this way and accommodating both
needs of inpatient and outpatient, the schedule is more efficient long term.
Leaders of our Imaging program provide both quarterly and annual updates to relevant oversight
committees. Quarterly feedback and updates are presented at the Patient Safety and Quality
Council. Annual and as needed updates are given to the front line team.
Role of Collaboration and Leadership

What role did teamwork and collaboration play in the Solution? What partners and
participants were involved? Was the organization’s leadership engaged and did they share
the vision for success? How was leadership support demonstrated?
From the start, front line team members were at the table to define the new workflow. This team
consisted of people from Stress Lab, the Physician Assistant (PA), the Cardiology Physician
Champion, Nuclear Medicine, Scheduling, Leadership, PI consultant and an IMPRV facilitator.
The main changes were to the Stress Lab, Nuclear Medicine and Cardiologists reading
workflow, since this protocol impacted these areas. As defined in the charter, executive
leadership was apparent and supportive along with local departmental leadership who helped
facilitate the project and lead continuous improvement. Bringing these together allowed for a
detailed future state and implementation plan to be developed.
The physician collaboration was crucial to the success of the project. From the beginning, the
Chief Medical Officer lead the way working with the vendor Radiology company to edit the
contract and the Cardiology Physician Champion helped rally his peers to select the best process
for the patient and efficiency. The physician champion then transformed into the visionary
leader, working with the Imaging team to do what others have deemed too difficult, and change
the operational workflows.
In addition, this project was presented to organizational leaders at the Patient Safety and Quality
Council, where leadership in the room was fully supportive and celebratory.
Innovation

What makes this Solution innovative? What are its unique attributes?
While the rest first protocol was the historical standard for Nuclear Medicine stress testing, the
stress first or stress only protocol had been validated and used by innovation institutions for a
few years. We have been the only hospital in the University of Maryland Medical System to
successfully implement this approach. Implementation of the stress first protocol required a
unique infrastructure which was not available in most hospitals. It required appropriate
equipment and dedicated Cardiologists who are available and engaged with the entire exam. In
most settings, the Radiologist or Nuclear Medicine physician reads these exams and aren’t able
to integrate clinical stress data in real time.
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Culture of Safety

What impact did the solution have on the culture of safety within the organization?
This protocol had a large impact on the culture of safety. For one, it demonstrated the positive
impact when leadership and the team come together to do what is best for the patient. Our Chief
Medical Officer had just assumed his position shortly before this initiative began. His leadership
in navigating a potentially contentious issue changing nuclear reading was a model for future
physician collaboration.
Because of the use of a multi-departmental approach and the front line team member’s
involvement in developing the solution, the team was driven to ensure the patient has a safe
experience. In debrief sessions, the team celebrated successes, but continued to identify where
the experience can be enhanced for the patient. Implementing something this large has driven
them to ensure the patient has a safe and good experience.
As previously described, the big patient safety advantage with this protocol was a 62% reduction
in radiation dose for patients with normal stress test images. This reduction (8,687mSv) was
seen in 67% of patients the first year. The second advantage was the amount of time the patient
has to wait for results. By Doc Haloing the Cardiologist immediately after the test was complete,
and making it available to the Cardiologist in office, the patient would be receiving a
comprehensive and timely decision on their care, while they were in the department. This
approach also minimized care performed in silos, because the Cardiologist was reviewing all
information together in one place.
Patient and Family Integration

How did the solution include the patient and family?
While patients understand these imaging tests impose exposure to radiation, as healthcare and
Imaging professionals, our job was to minimize the radiation they receive. From this perspective,
the patient and family were at the center of the whole project. When discussing the future state
workflow, the voice of the patient was front and center in conversation around what items
patients and families have commented on in the past, and how to best meet their needs.
Also, to ensure we communicated with our patients, we updated the test instruction sheet. This
updated sheet gave patients an adjusted time frame and what would be needed if they need
additional testing (aka need a rest portion of the test).

Conclusion

Albert Einstein was quoted to have said, “If you always do what you always did, you will always
get what you always got.” In 2018, UCMC was inspired by a Cardiologist to challenge the status
quo and take up the challenge to employ a more modern, but proven Nuclear Medicine protocol.
This new protocol greatly benefited both our patients and our institution greatly. UCMC decided
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to energize a multidepartment team to change the mindset, improve teamwork, and focus on
patient safety and throughput. The challenges of change and different workflows was met with
enthusiasm of an engaged group and has been transformational for the organization and our
patients. Using IMPRV, we were able to achieve success quickly, and sustain in a significant
way. While our patients may not fully know that a reduction of 8,687mSv occurred over the
year, saving them significant radiation exposure, we know that in the long term the health of our
population will be impacted. Thank you for the opportunity to share our journey with you.
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