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Why are you interested in participating in the Improvement Scholars Program?  

We are interested in participating in the Improvement Scholars Program to improve the quality of 
care that we provide to pediatric patients who receive extracorporeal life support (ECLS). 
 
ECLS is used to support patients with reversible causes of cardiac and respiratory failure. All patients 
receiving ECLS require systemic anticoagulation to prevent thrombosis of the ECLS circuitry. Despite 
increased experience and frequency of use, morbidity and mortality secondary to bleeding and 
clotting complications remain a significant challenge in this patient population. Reported rates of 
bleeding and thrombosis are 70% and 38%, respectively [1]. Additionally, clinical and laboratory 
monitoring of current anticoagulation protocols are highly resource intensive. Unfractionated 
heparin has historically been the first line choice for systemic anticoagulation, but recently 
bivalirudin, a direct thrombin inhibitor, has emerged as a safer alternative to heparin [2].  
 
In a meta-analysis published by Huang et al. in 2022, bivalirudin was associated with decreased 
incidence of bleeding events in pediatric patients receiving ECLS [3]. Several retrospective studies 
have also shown longer circuit life, decreased phlebotomy-associated blood loss, higher patient 
survival to decannulation, shorter times to reach therapeutic anticoagulation, and significantly lower 
total costs associated with the bivalirudin groups compared to the unfractionated heparin groups 

[4]. As a result of these studies, several leading pediatric centers and ELSO Centers of Excellence 
have successfully implemented protocols for the use of bivalirudin as the primary choice for 
systemic anticoagulation. Our goal is to create evidence-based protocols for systemic 
anticoagulation with bivalirudin in ECLS patients that prioritizes safe dosing, decreased phlebotomy 
associated blood loss, improved time to therapeutic anticoagulation, improved anticoagulation 
stability, and longer circuit life.  

Which UNC Health Improvement priority will your project address? 

Our project will address several major UNC Health Improvement priorities including patient harm 
prevention, mortality reduction, and hospital length of stay reduction.  
 
Another priority of interest for this project is to improve inter-team communication, which aligns 
with the improvement priorities in the Department of Pediatric Critical Care. Pediatric ECLS patients 
are complex and critically ill. They are managed by multiple teams from varying specialties. Care can 
be difficult and requires a strong, team-based approach and frequent communication. With the help 
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of the IHQI coaches, we hope to apply the best practices learned from our project to all clinical 
protocol and team communication between the PICU and outside care teams. With the developing 
cardiothoracic program partnership between UNC and Duke, communication around ECLS patients 
will be paramount. Not only do we anticipate our clinical quality will improve, but equally important, 
the patient and family experience will improve.   

What is the problem or gap in quality you seek to improve?  

Recent studies have shown promising evidence that bivalirudin is a safe alternative to heparin for 
systemic anticoagulation while on the ECMO circuit. Benefits include decreased need for 
phlebotomy, decreased total costs, shorter times to therapeutic anticoagulation and improved 
survival to decannulation [2-4]. Many pediatric ELSO Centers of Excellence have successfully 
transitioned their protocols to use bivalirudin as the first line choice for anticoagulation. When 
comparing the UNC ECMO program to other ELSO Centers who provide neonatal and pediatric ECLS, 
our institution has higher rates of complications related to anticoagulation. These complications 
have a large impact on patient morbidity and mortality, as well as cost of patient care. Our goal is to 
decrease the rates of these complications by implementing new protocols that replace heparin with 
bivalirudin as the first line choice for anticoagulation.  

With a clinical protocol change as an impetus, this project is an opportunity to holistically review and 
redesign the way in which we approach patient care, data review, and multidisciplinary team debrief 
in this extremely complex patient population.  

Describe the patient population affects, scope and impact of the problem. 

a. What is the specific patient population your project will impact? 
b. How many patients are in the population? 
c. How frequently does the problem occur? 
d. What is the impact of the problem? 

Our patient population includes any neonatal (0 to 28 days old) or pediatric patient (>28 days to 18 
years) who receives ECLS (either venovenous or venoarterial) in the PICU or PCICU.  

From January 2019 to October 2022, we have had a total of 133 patients who have received ECLS 
requiring systemic anticoagulation, and an average of 314 days per year taking care of ECMO patients 
(Table 1). Each day that a patient is on ECMO requires a large amount of resources including one-to-one 
nursing care, one-to-one ECMO specialist care, lab draws, titration of anticoagulation and other 
infusions, lung conditioning by a respiratory therapist, and frequent imaging and procedures often 
involving transport. Because of the personnel and monitoring these patients require, they are the most 
complex and resource-intensive patients in the hospital. Additionally, these patients can remain in the 
PICU and on the ECMO circuit for weeks or even months.  

Because each day on ECMO requires more resources than many patients’ entire admission event, we 
view the opportunity for quality improvement cycles using a scale of ECMO days rather than individual 
ECMO patients. In terms of ECMO days, from January 2019 to October 2022, we have taken care of 
patients receiving ECLS for 1,257 days. In 2021 alone, we cared for patients receiving ECLS for 572 days. 
This data highlights that while the number of ECMO patients may be low, the days and time spent caring 
for them is not.  

Table 1. Annual patient and days-on-circuit ECMO volumes.  

Year Number of patients Days on circuit 
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2019 22 patients 198 days 
2020 24 patients 237 days 

2021 59 patients 572 days 

2022 (up to October) 29 patients 250 days 

 

ECLS is a high-risk medical intervention and despite years of experience, complications that arise during 
ECLS lead to increased morbidity and mortality, especially in terms of bleeding and clotting. In our 
neonatal population (0 to 28 days old), from 2012 to 2022, we have had 127 ECMO patients. Of these 
patients, 29.1% have had a hemorrhagic complication, compared to 20.3% of all ELSO centers combined. 
More specifically, our neonatal rates of brain hemorrhage and pulmonary hemorrhage are 11.8% and 
9.45% compared to the ELSO averages of 11.5% and 3.35% (Table 2). In our pediatric population (29 
days to 18 years old) from 2012 to 2022, we have had 136 patients. Of those, 32.4% have had a 
hemorrhagic complication. Compared to 24.6% of all ELSO centers combined. More specifically, 8.09% 
had a pulmonary hemorrhage, compared to the ELSO average of 4.49% (Table 3). When complications 
arise related to anticoagulation, whether bleeding or thrombotic, this leads to increased need for blood 
draws, transfusions, morbidity, increased cost of care, and sometimes mortality. With the 
implementation of bivalirudin as our primary choice for anticoagulation, our aim would be to decrease 
the rates of complications, thus decreasing unanticipated blood draws, transfusions, cost of care and 
improving morbidity and mortality.  

Table 2. Rate of ECLS neonatal complications 

Complication Type  UNC All ELSO Centers 

Any hemorrhagic 
complication 

29.1% 20.3% 

GI hemorrhage 1.57% 1.42% 

Cannulation site bleeding 22% 11.3% 
Surgical site bleeding 11.8% 10.1% 

CNS hemorrhage 11.8% 11.5% 

Pulmonary hemorrhage 9.45% 3.35% 

 

Table 3. Rate of ECLS pediatric complications  

Complication Type  UNC All ELSO Centers 

Any hemorrhagic 
complication 

32.4% 24.6% 

GI hemorrhage 5.15% 2.84% 

Cannulation site bleeding 17.6% 14.5% 

Surgical site bleeding 17.6% 11% 
CNS hemorrhage 3.68% 6.34% 

Pulmonary hemorrhage 8.09% 4.49% 

 

What do you think are the underlying causes of the problem? Why do you think the problem is 
happening?  

We see the problem stemming from two main opportunity areas. First, refinement of our clinical 
protocols and monitoring surrounding anticoagulation. An anticoagulation protocol requires specific 
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initiation levels, close monitoring until optimal, therapeutic anticoagulation is obtained, and then 
maintenance at this level. Time to achieve optimal levels, time with patient at optimal levels, and timely 
debrief of new clinical information with rapid titration if needed are all measurable components of an 
anticoagulation protocol. These steps rely on a foundational protocol but, more importantly, on a 
process for communicating clinical changes and updating care accordingly. Even small changes require 
multistep and multi-team communication prior to implementation. This communication and care 
process is the second opportunity area. There are several teams – pediatric intensivists, surgery, 
pharmacology, ECMO specialists – that must communicate clinical changes between themselves and to 
the patient’s family. When communication lags behind clinical updates or is not standardized, optimal 
care is not delivered. This can lead to confusing orders, disagreement for next steps, or a 
misunderstanding of the root problem that led to the clinical change. Each of these contribute to 
complications and morbidity. 

By focusing on developing clinical protocols that are optimal for all involved teams, and communication 
surrounding updates in care that require altering these protocols, we believe we can globally decrease 
our complication rates.   

What is the history of improvement or attempted improvement at UNC Health? What work will your 
proposed improvement build on?  

There is strong support for and prior experience in quality improvement efforts among the pediatric 
intensivist, ECLS, and pediatric surgery teams. For example, in 2016, a new heparin monitoring protocol 
was implemented in the PICU. Rather than using monitoring based on activating clotting time (ACT), 
ECLS patient anticoagulation was monitored using unfractionated heparin levels. The scope of this 
project was focused on the impact of the new monitoring system on clinical outcomes (including 
bleeding and clotting events, circuit changes, and mortality). The team found that heparin level 
monitoring was non-inferior to ACT monitoring. More importantly, however, there was a decrease in 
mortality that was not statistically significant but considered clinically significant. There were potential 
cost-savings noted through using this approach.  

The scope of this project is narrower than our proposed project yet demonstrates that there are 
significant clinical, process, and financial benefits to how we approach anticoagulation protocols and 
processes in this population. Secondly, a history of quality improvement efforts in this population 
ensures a familiarity with projects like ours and support for quality improvement among the teams 
involved. Our project will be able to build on the work that has been done. We have robust data from 
prior quality improvement projects as well as methods to collect and measure our project metrics. Key 
stakeholders from our project team will likely have participated in past quality projects in our target 
population, so can serve as immediate assets in the planning and design phase of the project.  

Please complete the “Measures Table”. Please describe the anticipated outcome measure(s), 2-3 
process measures, and one balancing measure. Please do not include more than 5 measures total. 

Our primary outcome measure will be percentage of time in therapeutic AC range.  Our process 
measures include: ECMO circuit changes per patient, percentage of bivalirudin orders completed prior 
to cannulation, and percentage of cases where anticoagulation is administered within 60 minutes of 
cannulation. Our balancing measure is bleeding complication rate.  

- The percentage of time within therapeutic anticoagulation range will include time to 
appropriate therapeutic anticoagulation. This means, once a patient is placed on the ECMO 
circuit and anticoagulation is initiated, how quickly does the patient reach appropriate 
therapeutic levels? This metric is an indicator of accurate starting dose and titration parameters. 

https://www.med.unc.edu/ihqi/improvement-scholars/measures-table-example/
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Then, we will also examine the percentage of the time is the patient therapeutically 
anticoagulated versus the total time on anticoagulation. This indicates fidelity in lab monitoring 
timing and titration parameters. This value is also a pharmacologic parameter: an advantage of 
bivalirudin is predictability in pharmacokinetics and half-life.  

- Circuit changes are expensive, resource-consuming, and associated with morbidity. Circuit 
changes can occur due to thrombotic complications or technical/mechanical circuit failures. 
ECMO patients are on the circuit for several days to weeks and have frequent imaging and 
monitoring to ensure appropriate circuit functioning and positioning.  

- A complex, multi-team, and multi-step process is initiated once the decision is made to place a 
patient on the ECMO circuit. This includes input from the PICU team, the pediatric surgery team, 
the ECMO team, and nursing staff. There are other teams that can be involved. Because of this 
process, the PICU fellow follows a checklist to prepare for cannulation that includes ordering 
appropriate anticoagulation. After cannulation, the actual administration of the anticoagulation 
in a timely manner is also paramount. Therefore, two of our process measures will guarantee 
fidelity of this pathway: percentage of cases where appropriate anticoagulation (bivalirudin) was 
ordered prior to cannulation, and percentage of cases where anticoagulation was administered 
within 60 minutes following cannulation.  

- Lastly, our key balancing measure will be bleeding complications while on the ECMO circuit. 
These complications are clinically devastating and significantly increase the time on ECMO 
circuit as well as the total cost of care for patients [4]. Because the pharmacokinetics of 
bivalirudin make it more predictable and easier to monitor in pediatric patients, a decrease in 
hematologic complications is the impetus for the clinical switch to bivalirudin as a first-line 
agent for pediatric ECMO patients at many ELSO centers. Importantly, this outcome measure is 
aligned with the Quintuple Aim for Health Care Improvement, and both our process and 
balancing measures are intertwined. 

 

What ideas do you have for changes that will result in improvement? 

ECMO patients are managed by several teams and undergo many imaging studies and procedures while 
they are on circuit. This results in complex interactions between pediatric intensive care, pediatric 
surgery, ECMO staff and technicians, nursing, and other consulting services. Because the pediatric 
intensive care unit is a closed unit, the pediatric intensive team is the only ordering service. 
Communication about events that occur with these patients is complex and can take up a large portion 
of time. Clinically, these patients are also complex. They require imaging studies daily, frequent 
laboratory monitoring, and several procedures.  

Our goal is to create process surrounding anticoagulation administration, monitoring, and education for 
pediatric ECMO patients with the goal of improving both clinical outcomes and communication between 
teams and with family. Although participation in the IHQI Program will highly inform these steps and 
help with refinement of this project, we have developed the following steps as part of our 
implementation plan: 

• Review of ECMO population with gap analysis: performing a gap analysis for our current process 
will help identify weaknesses and areas for improvement within our current model. Beyond 
choice of anticoagulation agent, there are several steps and teams involved when initiating 
ECMO and caring for a patient on ECMO. This analysis will ensure that we consider all process 
steps prior to building a new protocol. 
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• Assembly of stakeholders for protocol development and education plan: ECMO relies on 
multidisciplinary team members and successful protocols will use the input of all team 
members. Therefore, we will assemble a larger team to discuss the program’s current state and 
gaps.  

• Develop process flow diagram; model failure mode and effects analysis: with all stakeholders, 
we will create a current process flow diagram, where subject matter experts can describe their 
responsibilities and pain points with the current process. We will discuss failure modes in the 
process and their significance.  

• Meet with pharmacy for bivalirudin induction and titration parameter consensus 

• Development and dissemination of educational material and checklists: education surrounding 
the new process will be critical. The PICU and pediatric surgery teams have had success using 
new checklists that make implementation of clinical protocols easier, and we will utilize a similar 
method to provide education surrounding new clinical protocols and workflows.  

• Protocol education review with PICU and multidisciplinary team members: we want to make 
sure the work we are doing to improve our ECMO outcomes and the patient experience is visible 
to team members, staff, and families. Therefore, education surrounding new processes and 
project visibility will be priorities.  

How has this problem has been addressed successfully elsewhere?  

The most recent ELSO symposium highlighted several large pediatric centers that have made the 
transition to bivalirudin as a first-line agent [5]. These centers have cited improvements in bleeding and 
thrombotic complications, circuit interventions, and overall cost of care episodes as endpoints 
demonstrating the benefits of a bivalirudin strategy. In addition to the choice of anticoagulant, these 
centers also have clear, defined clinical protocols and procedures that support patient safety and 
monitoring [5,6]. Lastly, these centers have defined team processes for daily debrief and updates. We 
believe each of these steps are critical for success in the transition to bivalirudin as well as strong 
teamwork and communication.  

There is an opportunity to develop best practice debriefing and multidisciplinary communication for 
pediatric ECMO patients. Because the transition to bivalirudin as a first-line agent remains an emerging 
practice, most research has focused on the clinical implications of the transition rather than the process 
consequences. With the formation of our multidisciplinary team, we also plan to focus on a system for 
inter-team communication that we will refine over the months that we plan to implement the clinical 
protocol change. We want to incorporate these metrics into our improvement project as well.  

How will high performance management tools (Just Culture, SAFE reporting, team communication and 
teaming skills, huddles, and visual management boards) be used to support the work? Although use of 
these tools is not required, applications including them will be strengthened. 

There is a culture of high-performance management tool use in the PICU, and we envision our project 
successfully integrating with and building upon existing workflow tools. Visual management boards are 
currently used in three locations in the PICU to highlight ongoing initiatives, give best-practice 
recommendations, and other updates. Because our project will involve a new clinical protocol, a 
multidisciplinary team, and educational practices surrounding the new process, we plan to use visual 
tools as part of our initiative. This could include diagrams of the new workflow and publishing our 
program goals and metrics to garner unit support and enthusiasm. Developing a visual component for 
our project will also increase visibility for outside teams that care for patients in the PICU as well as for 
families of ECMO patients that have multi-week hospital stays.  

https://www.med.unc.edu/intranet/2022/10/carolina-quality
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Another opportunity to incorporate our project into existing high-performance tools is through morning 
nursing huddles. These Tier 1 huddles occur daily in the PICU and nursing huddles are a Carolina Quality 
focus for this upcoming year. Increasing physician presence at these huddles is an institutional goal, and 
we see great value in physician presence at these huddles when caring for ECMO patients. Therefore, a 
component of our project will focus on the most high-yield ways to involve physicians in morning 
huddles to discuss the ECMO population. We believe that our project will create lasting culture and 
practice change regarding physician huddle involvement in the PICU, extending beyond the ECMO 
population.  

Please describe how your project addresses each of the 5 elements reflected in the Quintuple Aim for 
Health Care Improvement.  

Caring for ECMO patients is stressful and resource intensive. It involves members from several teams 
along with daily imaging, procedures, and review of data. Development of new clinical protocols and 
transition to bivalirudin within the setting of a multidisciplinary team fulfills the Quintuple Aim for 
Health Care Improvement. Bivalirudin as a first-line agent has been shown to be associated with 
improved clinical outcomes, including reduction in bleeding complications, decreased circuit 
interventions, and decreased blood transfusions [6]. In addition, multidisciplinary review of data and 
clinical protocols is also associated with improved outcomes [7]. Not only did this improve clinical 
outcomes metrics but these practices significantly can improve clinician and staff experience. At our 
institution, the processes around the PICU rounds, family updates, and clinical interventions are 
significantly different from the processes and schedule surrounding the pediatric surgery team updates, 
review of data, and interventions. This project represents an opportunity to pull both teams together to 
develop processes that serve both teams and the patient and family better. These best-practice 
developments will also improve the patient experience. ECMO patients are in the hospital for weeks to 
months at a time. This puts a massive strain on family and caregivers, and in pediatrics, the patient 
experience is synonymous with the family experience. There are often significant clinical developments 
that occur over these weeks and families must often having a child in the hospital while maintaining jobs 
and caring for other children. Improvements in the care process and clinical updates mean better 
communication and expectations set for family members, thus improving the patient and family 
experience. There is an enormous resource expenditure that occurs with every ECMO patient, both in 
personnel requirements and cost. A key part of our proposal is measuring the costs impacted by a 
clinical protocol change to bivalirudin, as well as a current state evaluation of the costs associated with 
caring for these patients. Literature has demonstrated that there are increased cost savings from 
evaluating a total episode cost of care when transitioning to bivalirudin because of the clinical outcomes 
improvements [4]. We also anticipate that there will be synergies that emerge from engaging a 
multidisciplinary team to improve this process, and the streamlining of this will result in further, 
downstream cost savings.  

Please describe the support and engagement you have from leadership for the work you are 
proposing. Please indicate leaders with whom you have consulted about this proposal.  

We have received enthusiastic support from leadership in both the Division of Pediatric Critical Care and 
Division of Pediatric Surgery. Our project sponsor, Dr. Katherine Clement, is a faculty member of the 
Divisions of Pediatric Critical Care and Anesthesia. She is also the Medical Director of the Pediatric ECLS 
Program. While at the national ELSO Conference this fall, Dr. Clement listened to sessions that 
highlighted the use of bivalirudin as the primary anticoagulant at many pediatric ELSO centers 
nationwide. Additional support of our project comes from Dr. Benny Joyner, the Pediatric Critical Care 
Division Chief, Dr. Jenny Boyd, the PICU medical director, Dr. Matt Pizzuto, the PCICU medical director, 

https://jamanetwork.com/journals/jama/article-abstract/2788483
https://jamanetwork.com/journals/jama/article-abstract/2788483
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as well as many faculty within the divisions of Pediatric Critical Care and Pediatric Surgery. Other 
important support comes from our ECMO specialist, pediatric pharmacy and PICU nursing colleagues.  

Who will comprise the project team? List names and roles of team members, describe how the project 
team will function and how the team’s work impacts other teams/units and/or is impacted by other 
teams/units. Successful improvement project teams are interprofessional, multidisciplinary, and often 
include patient and family members. Although not required, applications listing interdisciplinary co-
leads (e.g., nurse and provider co-leads, or pharmacist and provider co-leads) will be strengthened. 

Our team will be comprised of the following individuals: 

Drs. Lauren Brown and Ursula Adams – Project Co-Leads 

Dr. Katherine Clement – Project sponsor, Director of Pediatric ECMO, PICU Faculty  

Dr. Michael Phillips – Pediatric Surgery Faculty  

Lauren Walters and Shawna Beck – PICU and PCICU Pharmacists  

Joy Hazard, Kelly Cherry, Ladonna Saleh, Jenn Talbot, Sarah Ayers – PICU/PCICU Nursing  

Wes Scercy, Jerry Conti, Brian Howarth – ECMO Specialists 

Our multidisciplinary team will be crucial to the success and implementation of our project. The patients 
we care for are complex and require the expertise and care of many different specialists including PICU 
providers, PICU nurses, ECMO specialists, pediatric surgeons, PICU pharmacists and respiratory 
therapists. Therefore, our team will be comprised of members of each from each of these areas of 
expertise. We will work together to come up with a protocol and plan that is cohesive for all members 
involved. Having team members from each area will also help with implementation, education and 
sustainability of our project. Our work will impact the work of all teams involved.  

How will you ensure sufficient time to dedicate to this project over the scholar year? Although time 
commitment to the program varies throughout the year, Scholar may expect to spend at least 2 hours 
per week (with range from 1 hour minimum to 5 or more hours a week) on project-related activities.  

As a surgery resident and PICU fellow, we both have dedicated time carved out in our schedules for 
research and scholarly activity. This time is protected and free from clinical duties. Specifically, Lauren 
will have 25 weeks of dedicated research/scholarly activity time. Ursula is in her first year of two 
dedicated research years, where she is a full-time fellow with minimal clinical responsibilities. We will 
comfortably have two hours per week to dedicate to our project. Importantly, our project mentors are 
faculty that we work closely with for clinical responsibilities, and their involvement with this project and 
strong enthusiasm ensures that we will have the resource and time support to be successful in this 
project.  

What factors do you anticipate will foster and hinder improvement?  

Key factors that will foster improvement for this project are clinical momentum, existing quality 
improvement and accreditation infrastructure, and enthusiasm for improvement interventions in the 
ECMO space. 

Because there is clinical literature that supports our clinical and protocol change, there is momentum in 
the ELSO and ECMO community for this change. There are also centers that have already made this 
change successfully, and we will have partners and resources to use as best-practice collaborators. 
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Additionally, our PICU ECMO team has already demonstrated a strong track record of quality and 
program maturity. We are a Gold-designated pediatric ECMO center. To achieve this, the PICU ECMO 
team has implemented clinical protocols, are familiar with quality improvement efforts, and have gone 
through rounds of accreditation meetings and site visits. Because this infrastructure exists, our project 
will have strong, experienced stakeholders that are already interested in these types of improvement 
efforts.  

A potential hindrance to improvement is the multidisciplinary nature of this process as well as rotating 
providers who care for ECMO patients. Although there is a core team of staff on the PICU and ECMO 
teams, residents and fellows are key members of the care team and come on and off service. Integral to 
the success of this project will be the development of infrastructure and educational methods that are in 
place regardless of the team’s rotation. We plan to develop a reproducible process that is 
comprehensive and visible for all teams that care for ECMO patients. 

What ideas do you have for sustaining the improvement? How do you see the work you start with 
IHQI/s support continuing? 

To ensure and sustain improvement, we will define current process best-practices in the PICU and 
design our new process using these. The PICU has several methods in place for educating staff and 
clinicians about clinical process updates and developments, and standing conferences where education 
is performed. Rather than designing entirely new workflow, we want to integrate the ECMO protocols 
and clinical pathways into the existing PICU and ECMO workflow. Once this is designed, and with input 
from all teams, we can then integrate other teams into this workflow as well. By aligning with PICU 
practices, resident/fellow education, and current quality evaluation efforts, we will ensure integrated 
and lasting pathways.  

Lastly, our team has diverse specialties and backgrounds with both formal and informal quality training. 
Participating in this project will provide experience in deeper aspects of quality improvement 
methodology and implementation. Support for this project will highlight quality improvement efforts in 
disciplines of critical care, pediatrics, surgery, and pharmacy. The culture of the Children’s Hospital and 
Pediatric Division have long supported these types of quality improvement efforts, and the sustaining 
nature of these efforts has already been demonstrated. 
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Implementation Timeline  

Task      AUG SE

P 

OCT NO

V 

DEC JA

N 

FE

B 

MA

R 

APR MA

Y 

JUN JUL AU

G 

Review of ECMO 
population with gap 
analysis 

X             

Assemble stakeholders for 
protocol development and 
education plan 

X X            

Develop process flow 
diagram 

 X X           

Model failure mode and 
effects analysis 

 X X           

Meet with pharmacy for 
bivalirudin induction and 
titration parameter 
consensus 

 X X           

Initial protocol 
development and 
refinement (small team) 

  X X          

Development and 
dissemination of 
educational material and 
checklists 

  X X          

Implementation of new 
protocol and checklists 

  X X X X X X X X X X X 

Protocol education review 
with PICU and 
multidisciplinary team 
members 

  X X X     X    

Ongoing review of data – 
both clinical metrics and 
process metrics 

   X X X X X X X X X X 

Review data and repeat 
gap analysis, failures 

      X X X     

Incorporate feedback and 
adjust protocols; PDSA 
cycles 

       X X X X   

Review of existing order set 
and appropriateness of 
adaption for current 
project 

         X X X  

Present to IHQI             X 
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