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Foreword

Our systems are too complex to expect merely extraordinary people to perform perfectly 
100% of the time. We as leaders must put in place systems to support safe practice.

As I began this book, I was flooded with memories. From the first days of my 
50-year career in healthcare, a college student working as a part-time radiology 
clerk, pediatric hematology and oncology has had a huge impact on me. At Boston 
Children’s Hospital, Division 28 was the inpatient oncology unit, Division 20 was 
the inpatient research unit for rare hematologic and other illnesses, and the TTC 
(tumor therapy clinic) was the outpatient center of our partner Children’s Cancer 
Research Foundation (now Dana-Farber Cancer Institute). The children coming to 
radiology from these places were often desperately sick, yet they demonstrated 
great courage and resilience and showed us laughter as well as amazing support of 
those on the journey with them. Their parents appeared suffering and desperate yet 
somehow were, because they had to be, resolved and engaged. Siblings and grand-
parents were often dazed yet were there for the child and each other. All held a deep 
trust in their care team: the expertise and passion of the staff, clinicians, researchers, 
and so many more, focused on care, caring, hope, and discovery. The team, in turn, 
seemed to be always supporting the children, huddled in the reading room consult-
ing while pouring through hundreds of films as well as in the clinic, in the lab, and 
at the bedside morning, noon, and night. They were committed to figuring it out 
together. They are extraordinary people, indeed, individually and collectively.

Today, 50 years later, after having served as a hospital administrator at Boston 
Children’s Hospital, an executive at Dana-Farber Cancer Institute, a professor at 
Harvard T.H. Chan School of Public Health, an improvement advisor at IHI (Institute 
for Healthcare Improvement), and a trustee for the Lahey Health System and 
Winchester Hospital, my respect for these extraordinary people in the hematology 
and oncology journey—patients, families, staff, groups, networks, collaboratives, 
and communities—has deepened enormously. Along with many, I’m forever grate-
ful for the scientific advancement, dramatically better clinical outcomes, and the 
continuous quality improvement in hematology, oncology, and hematopoietic stem 
cell transplantation (Hem/Onc/HSCT).
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Over the same period, and notably the last 25 years, I confronted the growing and 
sobering reality of healthcare administrative and clinical practice: adverse outcomes 
didn’t all have to happen. There was significant preventable suffering, harm, trag-
edy, death, as well as cost waste under all our watches. Circumstances of the tragic 
overdose that led to the death of Betsy Lehman allowed me, as well as many others, 
to learn deeply the personal and organizational impacts for all the victims of harm, 
the patient, family, staff, and community [1]. I discovered that many of our mental 
models were faulty; things we believed to be true were not. I learned about mindful-
ness and, as a leader, developed both a preoccupation with failure and a deep under-
standing of and passion for quality improvement and patient safety. We pursued the 
respectful management of serious clinical adverse events [2] after they occurred for 
patients, family members, and staff, with an overarching aim to eliminating their 
occurrence in the first place. Along the way at my organizations, across the country 
and around the world, I met many victims of medical error, children and adults, 
including patients from hematology and oncology, who were seriously harmed due 
to poor systems, structures, and processes. I’ve stood on many occasions before and 
cried with families and staff who were devastated after preventable harm contrib-
uted to death. Often, the same people courageously discussed how they could pur-
sue together three questions: what happened, why did it happen, and what can be 
done to prevent it from happening again. I’ve learned that we can’t expect people, 
even exceptional people, who suffer from being human and work in complex, often 
broken, systems to be perfect 100% of the time. To achieve together the outcomes 
we seek, leadership at every level must put in place the learning, systems, structures, 
and processes, to support the right care in the right place at the right time, every 
time [3]. This journey applies to everyone, individually and collectively, never wor-
rying alone. I’ve seen at every level the power and experienced the pride of working 
in and with high-quality, continuously improving organizations.

This book is edited by a talented expert team—Christopher Dandoy MD, Joanne 
Hilden MD, Amy Billett MD, and Brigitta Mueller MD—that had a clear vision for 
systematic continuous improvement in pediatric hematology and oncology and for 
driving out unintended variation, suffering, harm, tragedy, death, and cost waste. 
Drawing on the best experience, evidence, and learning from not only pediatrics but 
the larger healthcare universe, they bring to the text their personal journeys and their 
clinical/administrative expertise as well as the quality of care journeys of their orga-
nizations, Cincinnati Children’s Hospital, Boston Children’s/Dana-Farber Cancer 
and Blood Disorders Center, Children’s Hospital of Colorado, and Johns Hopkins 
All Children’s Hospital. They are joined by chapter authors with a wide breadth of 
experience from these and other leading pediatric hematology and oncology ser-
vices, as well as from healthcare improvement organizations. Many of these writers 
I’ve had the privilege of meeting, working with, and learning from through health-
care delivery, in the university classroom, and/or in the improvement setting.

As I read this book, structured in three sections (Introduction to Safety and 
Quality Improvement, Getting Started, and Quality and Safety Principles Unique to 
Pediatric Hematology/Oncology/Bone Marrow Transplantation), I noted the breadth 
and depth of coverage. Content on quality and safety was presented across the care 
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continuum—from detection to posttreatment survivorship and/or care at the end of 
life—and settings wisely ranging from the home and ambulatory environment to the 
inpatient service. The content is strong with theories, principles, models, tools, 
frameworks, examples, case studies, and extensive citation. While many of the cita-
tions are well known, I was excited by all the new content I was introduced to. 
Pediatrics historically has taught us much in the wider healthcare community and 
specifically about patient- and family-centered care. This teaching and role model-
ing continues in the text with an emphasis on the patient and family in quality and 
patient safety. The focus throughout on and learning from collaboration and team-
work at every level (macro, mezzo, micro) is powerful, with the patient and family 
as essential partners.

As the authors note, patient safety and quality improvement is all about change. 
For many years, in classrooms at the Harvard T.H. Chan School of Public Health, 
I’ve taught a course on leading change. The opening slide on opening day is “Most 
Change Fails” and the citation is “everyone,” referencing the many studies across 
the industry showing the significant failure rates of change initiatives on execution  
along with the lack of spread and sustainability. Clinical leaders flooded every class-
room with failures they were familiar with. Individuals and organizations are doing 
“lots of this and that” and are “cooking without a recipe, a framework.” To counter 
that, the authors offer wonderful resources on systematic quality improvement sci-
ence and methods, implementing evidence-based care, spread, and sustainability. 
Together they can build a culture of excellence and improvement by making change 
a foundational habit and not just an epidemic of “projectitis.” Throughout the text, 
they take on the importance of standardized practices while at the same time recog-
nizing unique needs. An important, supportive, and very helpful chapter is the focus 
on careers in quality improvement and patient safety.

As previously noted, improvement is all about confronting our mental models, 
the things we believe to be true because they are! Many may say “our patients are 
sicker” suggesting adverse events such as infections in the immunocompromised 
are inevitable, but the authors through this book, and many others, believed and 
have experienced that improvement and reduction of harm are possible. Rising to 
this challenge is essential.

Underscoring the editors’ suggestions, readership for this book should be global 
and include a wide range of clinical and administrative professionals in hematology/
oncology, as well as patient and family advisors and other interested parties—it is 
about them! As an extension of the IHI Getting Boards on Board work [4], I would 
strongly encourage the text be made available to governance and executive clinical 
and administrative leadership of organizations with a hematology/pediatric oncology 
focus for discussion; these leaders are ultimately responsible for the overall culture, 
quality of care, and leading change. There is much learning in the text that can be 
applied to pediatrics overall and to the broader quality and safety community.

As with most texts, this isn’t just a onetime read but is an essential reference in 
the journey of individuals and teams to achieve the aims and outcomes we all seek 
for those we are privileged to partner with, respect, and serve: our patients, families, 
staff members, groups, and communities.
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Again, we owe so much to so many for all they have contributed to improving 
healthcare quality and patient safety. It has been a privilege to be part of this 
improvement journey and specifically this text. At the same time, there are many 
references in the chapters ahead, paraphrasing that, for all that has been done, 
“We’re early in our journey…” and “There is so much more we must do to improve 
quality and reduce cost.”

To do things differently, we must see things differently. When we see things we didn’t see 
before, we can ask questions we didn’t know to ask before. (Nelson [5])

Winchester, MA, USA	 James B. Conway
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Chapter 1
Introduction to Patient Safety and  
Quality in the Pediatric/Hematology  
Oncology and Hematopoietic Stem Cell 
Transplant Practice

Christopher E. Dandoy, Joanne M. Hilden, Amy L. Billett, 
and Brigitta U. Mueller

A family takes their 4-year-old girl into the hospital for concerns of new bruising 
and lower extremity pain. The child has been symptomatic for a few weeks, but the 
symptoms significantly worsened over the past few days. The parents anxiously 
wait for the lab results to return, not knowing what to expect. The emergency room 
physician enters the room with a solemn face and explains that their child likely has 
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leukemia and would need to be admitted to the hospital. The words hang in the air, 
“your child has cancer.” The parents do not yet know the massive lifestyle change in 
store for them. They do not realize the amount of time they will spend in the clinic, 
in the inpatient unit, and in a waiting room while their child undergoes yet another 
procedure. They do not know, at this time, the number of medications their child 
will take on a daily basis for the next several years and how easy it will be to confuse 
these complicated-sounding medications. There are many long days and sleepless 
nights ahead for them, but they will do it. They will give their complete trust to the 
physicians, nurses, pharmacists, and hospital staff to care for their girl.

Years earlier, the leaders and caregivers in the pediatric hematology oncology 
practice initiated a chemotherapy safety program. They formed a team with physi-
cians, nurses, advanced practice providers, pharmacists, administrative staff and 
leadership, and patients/families. The established safety guidelines included a 
standardized process of chemotherapy prescribing, dispensing, administering, doc-
umenting, and monitoring. The team initiated oversight of the chemotherapy man-
agement practices. They started tracking errors and near misses to understand how 
to target ongoing improvement. Recommendations for avoiding chemotherapy 
errors call for standardized approaches, development of policies and procedures 
for system improvement, and review of errors by interdisciplinary professional 
staff.

Importantly, the parents can rest assured that their child will be given the right 
medication, at the right time; they will be engaged in the treatment and the care of 
their child, and they will learn how to give the proper medications at home.

�Standing on the Shoulders of Giants

�Advances in Pediatric Oncology

Prior to World War II, children with cancer were treated by surgeons, general prac-
titioners, and pediatricians [1]. Most cancer diagnoses were universally fatal, and 
treatment was associated with high morbidity and mortality. During World War II, 
chemotherapy came into being and was applied in lymphoma [2–4] and Wilms 
tumor [5]. In 1958, multi-agent chemotherapy was shown to improve outcomes [6]. 
Cures for leukemia were achieved by the addition of central nervous system-directed 
therapy [7] and then intensification of chemotherapy [8]. In 1986, cure rates for 
acute leukemia rose above 80% with the inclusion of four-drug induction regimens 
[9]. Stage IV neuroblastoma went from incurable to curable (>50% 2-year event-
free survival) through intensification of chemotherapy and introduction of radio-
therapy, autologous stem cell transplant, 13-cis-retinoic acid [10], and 
immunotherapy [11]. These are but a few examples of the dramatic improvements 
related to better chemotherapy, better supportive care such as infection prevention, 
and better risk stratification.

C.E. Dandoy et al.
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As pediatric cancer is a relatively rare disease, and substantial gains cannot be 
made without collaboration, clinical collaborative groups began to form. In the mid-
1990s, four primary childhood cooperative groups received funding by the National 
Cancer Institute [12]: two groups, the Children’s Cancer Study Group (CCSG) and 
the Pediatric Oncology Group (POG), studied a diverse array of childhood cancers, 
while two other groups, the Intergroup Rhabdomyosarcoma Study Group (IRSG) 
and the National Wilms Tumor Study (NWTS) Group were cancer-specific. In 
2000, these four pediatric groups voluntarily merged to create the Children’s 
Oncology Group (COG) [12], which is now the world’s largest organization devoted 
exclusively to pediatric cancer research. Approximately 10,000 children ages 0–14 
[13] and approximately 70,000 adolescent and young adults (ages 15–39) are diag-
nosed with cancer in the United States each year [14], many of whom are cared for 
in children’s hospitals and enrolled in COG studies. The first 3–4 IRS studies lead 
to steady improvements in outcomes without ever showing that the experimental 
arm had a better outcome compared to the standard arm. This reflects multiple 
changes in care delivery including changes in staging, risk assignment, and support-
ive care in addition to the clinical research questions being asked [15]. In some 
ways, this clinical research group served as a quality improvement collaborative 
that standardized care, studied outcomes, shared results with all, and instituted addi-
tional changes in care.

�Advances in Pediatric Hematology

Some of the most impactful advances in modern medicine have been made 
through transfusion medicine. In 1969, the feasibility of storing platelets at room 
temperature, revolutionizing platelet transfusion therapy [16], was a key advance-
ment in successful treatment of leukemia and other malignancies. In 1986, the 
Prophylactic Penicillin Study (PROPS) found that children should be screened in 
the neonatal period for sickle cell hemoglobinopathy and that those with sickle 
cell anemia should receive prophylactic penicillin therapy, thus reducing pneu-
mococcal septicemia rates [17]. Clinical trials over the past 30 years have dem-
onstrated significant advances in improving outcomes in sickle cell disease 
through the administration of hydroxyurea, limiting episodes of acute chest syn-
drome and pain crises and decreasing transfusions and overall morbidity and 
mortality [18–26]. Chelation therapy has proven effective at reducing the toxic 
effects of chronic transfusion in children with β-thalassemia major [27, 28]. In 
the late 1950s and much of the 1960s, fresh frozen plasma (FFP) was the primary 
treatment for hemophilia A and hemophilia B. As only a small amount of factor 
VIII and factor IX are in each unit of FFP, children and young adults required 
large volume transfusions and required hospitalizations, oftentimes delaying 
treatment and gradually leading to chronic joint disease with crippling deformi-
ties [29, 30]. The successful cloning of the factor VIII gene in 1984 was a major 

1  Introduction to Patient Safety and Quality in the Pediatric/Hematology Oncology
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breakthrough [31], allowing production of recombinant human factor VIII [32, 
33] and leading to clinical trials showing efficacy of recombinant factor VIII in 
hemophilia A patients [34].

�Advances in Pediatric Hematopoietic Stem Cell  
Transplantation (HSCT)

Attempts to treat human patients with supralethal irradiation and marrow grafting 
were reported by Thomas et  al. in 1957 [35]; however, successful transplants in 
leukemic patients only occurred in HSCT recipients of marrow from an identical 
twin donor [36, 37]. In the early 1960s, increased pessimism grew in the medical 
community surrounding HSCT [38], based on poor outcomes. However, by the end 
of the decade, antibiotic efficacy had improved, transfusion technology had 
advanced, and more effective cancer agents were developed. In 1968, three patients 
in the United States and the Netherlands suffering from severe combined immuno-
deficiency syndromes successfully underwent HSCT [39–41], and by the 1970s and 
1980s, HSCT was utilized on a more frequent basis for difficult-to-treat leukemias 
[42–45]. Over the next 20 years, advances in antiviral therapies [38], extension of 
graft selection to umbilical cord blood [46–49], and further understanding of HLA 
matching [49–52] improved outcomes. Today, over 50,000 individuals undergo 
HSCT annually as the establishment of registries throughout the world has extended 
access to stem cell grafts [53–56].

In 1676, in a letter to Robert Hooke, Sir Isaac Newton declared, “if I have seen 
further, it is only by standing on the shoulders of giants.” For the last 50 years, and 
the centuries before it, thousands of lifetimes have been spent understanding the 
mechanisms and developing the interventions we utilize in our daily practice. As 
Newton eluded, we are carried aloft and elevated by the magnitude of the giants 
before us. Unfortunately, many of the breakthrough discoveries are not applied reli-
ably today, and examples include transcranial Doppler ultrasonography screening 
for stroke prevention in sickle cell disease and timely antibiotic administration in 
febrile immunocompromised patients. It is our responsibility and stewardship to 
ensure our patients receive the right care at the right time, in as safe a manner as 
possible.

�Complexity in Pediatric Hematology, Oncology, and  
HSCT Healthcare Delivery

In healthcare, complexity can be defined or calculated by the interrelatedness, or 
influence of system components on each other, inside the system [57].

C.E. Dandoy et al.



5

•	 Simple systems have few components with little interrelatedness. An example of 
which would be a nurse entering vital signs into the electronic medical record (EMR).

•	 Complicated systems have many components, but low interrelatedness. An 
example of this would be many nurses and physicians entering data into the 
EMR, each individual interacting in a limited manner for their specific tasks.

•	 Relatively complex systems have few components with high interrelatedness. 
Due to the small number of components, they are amendable to change but more 
difficult to manage or predict. An example of this would be a hematology clinic 
with a rotation of physicians and nurses. Inside of the group, there may be con-
siderable differences in performance and management of patients between simi-
lar teams. These divergences could include variations in protocol compliance 
and medical errors, showing variable performance between the teams.

•	 Complex systems have many components with high interrelatedness. These sys-
tems are challenging to describe, predict, and manage. An example of this would 
be a hematology oncology unit, with multiple physician providers, rotating resi-
dents, dozens of nurses, and multiple patients with a variety of illnesses who are 
treated on a variety of protocols. Each individual component (i.e., patients, 
nurses, physicians, residents) of the system is interrelated within and across team 
members.

The healthcare delivery system is complex. And in addition to providing care in 
a complex system, our patients are often critically ill, with multi-organ dysfunction, 
requiring continuous management form different healthcare professionals in multi-
ple settings. Our therapies are not trivial, and the medications and interventions we 
provide have a narrow therapeutic window; incorrect dosing, timing, or administra-
tion can lead to significant morbidity and mortality [58, 59]. Finally, healthcare 
providers are under significant constraints, attempting to continue to provide safe 
and equitable healthcare in light of drug shortages, increased documentation 
requirements, and reduced reimbursement [60]. Healthcare is experiencing increased 
fragmentation with unintended consequence from care transitions and handoffs 
[61]. Resident handoffs are more frequent secondary to duty hour regulations, and 
hospitalists have commonly adopted shift-work-type systems [62]. Hospitalized 
patients are passed between doctors an average of 15 times during a single five-day 
hospitalization. If information is omitted or misunderstood, there may be serious 
clinical consequences [63, 64].

Adding to the complexity is the explosion of new data produced by the brightest 
minds around the world. Access to the information can be difficult as the volume is 
so high. Over the past 60 years, Blood has published 125 volumes containing a total 
of 43,042 original manuscripts, including 2729 clinical trials [65]. In addition, 
molecular information to diagnose and characterize disease as well as monitor pro-
gression or response is increasing, and staying current with the latest advances can 
be challenging.

Despite these challenges, pediatric hematology/oncology caregivers also have 
potential strengths that can be leveraged to improve patient safety and quality of 
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care. We are all familiar with standardization of care which is a key component of 
the many clinical research trials. Team-based approaches are inherent in how we 
function in both inpatient and outpatient settings. We focus on enhancing the 
communication skills of our trainees. Thus, we are already enabled with critical 
skills to maximize patient safety and performance improvement.

�Patient Safety

In the past 15  years, there has been a dramatic expansion of efforts focused on 
improving systems of care and understanding the science of quality and patient 
safety. The 1999 Institute of Medicine’s (IOM) seminal report To Err is Human: 
Building a Safer Healthcare System publicized that approximately 100,000 deaths 
annually are due to preventable medical errors, at a cost of between $17 and 29 bil-
lion [66]. The authors noted that with nearly 33.6 million admissions to hospitals in 
the United States annually, and with an estimated adverse event rate of 2.9–3.7% of 
hospitalizations [67, 68], nearly 50,000–100,000 individuals die each year second-
ary to medical errors [66] (a more recent analysis estimates the number of deaths to 
be more than 400,000 per year [69]). The IOM report called for a comprehensive 
effort by healthcare providers, insurers, government officials, and patients and was 
a catalyst in engaging a broad group of stakeholders in identifying and addressing 
the reasons why medical errors occur and how they can be prevented. The report 
brought the issues of medical error and patient safety to the forefront of national 
concern. A critical component of this process was the acknowledgment that humans, 
in this case even medical personnel with appropriate training such as physicians, 
nurses, and other key healthcare personnel, can make errors that could lead to 
patient harm or death.

Adverse drug events (ADEs) comprise the largest single category of adverse 
events experienced by hospitalized patients, accounting for about 19 percent of all 
injuries [70]. The occurrence of ADEs is associated with increased morbidity and 
mortality [71], prolonged hospitalizations [72], and higher costs of care [73]. A 
2007 report from the IOM estimated that between 380,000 and 450,000 preventable 
ADEs occurred annually in US hospitals [74]. Assuming 400,000 preventable ADEs 
each year at an incremental hospital cost of $5857 each, the estimated cost of ADEs 
in 2006 was 3.5 billion US dollars [74].

Pediatric hematology/oncology/hematopoietic stem cell transplant (HSCT) 
patients are highly susceptible to preventable harm. They usually have central 
venous catheters exposing them to infectious or thrombotic complications, receive 
toxic medications, are highly susceptible to healthcare-acquired infection, and are 
at high risk of home medication errors and non-adherence with oral agents such as 
chemotherapy, hydroxyurea, and iron chelators. Poor adherence with home medica-
tion is of particular concern in patients with cancer, as relapse rates are significantly 
associated with lower adherence [75]. The IOM defines patient safety as the preven-
tion of harm to patients. Board members, organizations leaders, and frontline staff 
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in healthcare delivery systems have an obligation to prevent harm through the design 
of systems that account for human fallibility, cultivation of a culture of safety that 
prevents errors, and learning from the errors that do occur. In To Err is Human: 
Building a Safer Health System, safety was defined as freedom from accidental 
injury, as this is the primary safety goal from the patient’s perspective. The authors 
note that not all errors result in harm and that errors that do result in harm are called 
preventable adverse events [66]. The administration of chemotherapy to children 
and adolescents with cancer is a high-risk process with the potential to cause harm 
to both patients and nurses if not performed accurately and safely. This process 
requires strict adherence to established safety guidelines [76].

�Quality Improvement

Modern quality improvement (QI), based on the theory and methods developed by 
Dr. Walter Shewhart and W. Edwards Deming in the 1920s, was originally applied 
in manufacturing industries in the mid-1900s and occasionally in the healthcare 
industry [77, 78]. In 2001, the IOM published Crossing the Quality Chasm: A New 
Health System for the 21st Century [79]. After the IOM report, there was a resur-
gence of QI in healthcare to provide safe, effective care. The IOM defined the six 
aims for improvement in healthcare: safe, effective, patient-centered, timely, effi-
cient, and equitable (Table 1.1).

While QI has become a widespread method for improving care, its acceptance as 
a rigorous scientific method has faced challenges. Traditional experimental research 
designs examine effects of one or two isolated interventions under controlled condi-
tions, where in contrast, QI methods involve multiple sequential changes over time 
and utilize continuous measurement and analysis. In complex and dynamic systems, 
QI allows for rapid testing and evaluation of new processes and methods for deliver-
ing care and addresses the gaps between the level at which a healthcare system cur-
rently functions and the level at which it could function.

Table 1.1  Institute of Medicine’s six aims for improvement [79]

Safe Avoiding injuries to patients from the care that is intended to help them

Effective Providing services based on scientific knowledge to all who
could benefit and refraining from providing services to those not likely to 
benefit

Patient-
centered

Providing care that is respectful of and responsive to individual patient 
preferences, needs, and values and ensuring that patient values guide all 
clinical decisions

Timely Reducing waits and sometimes harmful delays for both those who receive and 
those who give care

Efficient Avoiding waste, including waste of equipment, supplies, ideas, and energy
Equitable Providing care that does not vary in quality because of personal characteristics 

such as gender, ethnicity, geographic location, and socioeconomic status
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�Variations in Healthcare: The Good and the Bad

In the 1970s, epidemiologists demonstrated substantial geographic variation in the 
delivery of healthcare [80, 81]. Over the next few years, geographic variation in 
patient management was repeated through multiple studies crossing nearly all dis-
ciplines. In fact, variation in practice is one of the most consistently documented 
characteristics of modern medicine and is not explained by case mix, confounding 
factors, or technical errors [82].

It is not uncommon for healthcare professionals to feel threatened by the effort to 
reduce variation in practice; however, understanding and addressing this fear can help 
reduce it [83]. Variation in healthcare delivery adds to costs and may lead to misinter-
pretation of clinical data. QI efforts can successfully reduce practice variation, with-
out insult to the professional autonomy, dignity, or purpose of the providers [83].

Medical science and technology have advanced at an unprecedented rate during 
the past 50 years; and for providers there is more to know and more to manage than 
ever before. In light of these rapid changes, the nation’s healthcare delivery system 
has fallen short in its ability to translate knowledge into practice appropriately. The 
IOM believes that in the next few years, “90% of clinical decisions will be sup-
ported by accurate, timely, and up-to-date clinical information, and will reflect the 
best available evidence” [84]. Clinical decision support (CDS) provides timely 
information, usually at the point of care, to help inform decisions about a patient’s 
care. CDS tools and systems help providers by assuming some routine tasks, warn-
ing of potential problems, or providing suggestions for the clinical team and patient 
to consider. Oftentimes, CDS directs the provider to provide evidence-based care to 
their patients, but allows for justifiable deviations to ensure provider autonomy. 
CDS can be used on a variety of platforms (such as the Internet, personal computers, 
electronic medical record networks, handheld devices, or written materials) 
[85–87].

Alone we can do so little; together we can do so much
—Helen Keller

Through collaboration, the COG has improved the outcomes of pediatric 
oncology patients at a rate that far exceed that which could be done through indi-
vidual hospitals working alone. Through collaboration, the Working to Improve 
Sickle Cell Healthcare (WISCH) group is improving sickle cell disease (SCD) 
screening and follow-up for those who have tested positive and improving care 
across the life span for individuals with SCD. The goal of the collaborative was to 
address quality of care through development and implementation of evidence-
based guidelines and measurement of healthcare quality by ongoing quality 
improvement initiatives. Through the consortium, they have improved pain man-
agement for SCD patients both at home [88] and in the emergency department 
[89]; and they are improving the transition of care from the pediatric to adult 
setting [90].
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Through the Children’s Hospital Association (CHA), 32 pediatric hematology 
oncology and bone marrow transplant units implemented standardized central line 
care to prevent central line-associated bloodstream infections (CLABSIs). Through 
the collaboration and shared learnings, the multicenter team reduced CLABSI rates 
across all centers by 27%, accounting for nearly 100 infections per year and many 
patient lives [91].

When possible, we should collaborate in patient safety and quality. It is impera-
tive that we share our learnings with others, so that we can learn from each other. 
Much like the scientific discoveries that broke down barriers in pediatric hematol-
ogy, oncology, and bone marrow transplant care, we too have an obligation to work 
together to improve the care of all children.

�Book Structure

This book is structured in three sections.

�Section 1

“Introduction to Safety and Quality Improvement” provides an introduction to the 
concepts of quality improvement and patient safety (Chap. 1). Chapter 2 provides 
an overview of the Model for Improvement, Lean, and Six Sigma and provides an 
overview of high-reliability organizations. Chapter 3 reviews patient safety, an 
introduction to human factors and creating a culture of safety and quality.

�Section 2

“Getting Started” will provide the healthcare provider and team with the tools 
required to improve the quality of care in their practice. Chapter 4 provides the 
basics of team composition and emphasizes patient and family inclusion in health-
care delivery. In Chap. 5, the basics of improvement science methods are covered, 
including the Plan-Do-Study-Act cycle, identification of key drivers, and how to 
overcome barriers to implementation. Chapters 6 and 7 provide a comprehensive 
overview of data collection and improvement measurement, as well as mechanisms 
to maintain sustainability of the project proposal and spread, respectively. In Chap. 
8, we provide an in-depth review of patient safety, including safety reporting sys-
tems, communication after adverse events, and root cause analysis with a specific 
focus on pediatric hematology oncology and stem cell transplant. Finally, we review 
mechanisms to implement evidence-based practices (Chap. 9).
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�Section 3

“Quality and Safety Principles Unique to Pediatric Hematology/Oncology/Bone 
Marrow Transplantation” provides a more granular review of specific topics that are 
important to our patient population. We review chemotherapy administration safety 
in the inpatient setting (Chap. 10), healthcare-associated infections (Chap. 11), 
catheter-related thrombus (Chap. 12), and blood product administration safety 
(Chap. 13). Home medication compliance and safety is a looming issue that is gath-
ering focus, and Chap. 14 reviews the latest research, as well as evidence and mea-
surement supporting quality improvement efforts. We provide a specific focus on 
pediatric oncology practices such as antibiotic stewardship, safe handoffs, and 
timely antibiotic administration in febrile immunocompromised patients (Chap. 
15). Chapter 16 reviews practices focused on the population with nonmalignant 
hematology diseases, such as those with sickle cell disease or hemophilia. We dis-
cuss the specific issues involving bone marrow transplant patients in Chap. 17 and 
focus on quality and safety in palliative care (Chap. 18). Finally, in Chap. 19, we 
review mechanisms for providers to incorporate quality improvement and safety 
into their practice.

�How to Use This Book

This book is for pediatric hematology and oncology physicians, advanced practice 
providers, nurses and unit leaders caring for pediatric hematology oncology/stem 
cell transplant patients, fellows and residents in training, pharmacists, and health-
care administrators hoping to make improvements in their practice and/or their 
organization. The contributors of this text include physicians, pharmacists, nurses, 
and quality improvement leaders. All chapters are written by experts in their fields 
and include the most up-to-date scientific and clinical information. The book pro-
vides a concise, yet comprehensive, summary of quality improvements and the 
safety issues of pediatric hematology patients. This book can be used by those with 
basic or advanced quality improvement of safety knowledge and will provide a 
foundation for those who build their practices. It is our hope that the tools described 
in this book can be used to improve the quality and provide safer care to our patients.
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Chapter 2
Science of Improvement

Michael A. Rosen and Sallie J. Weaver

�Introduction

Healthcare is in the midst of a large-scale transformation and modernization effort. 
A wide range of stakeholders including regulators, payers, and consumers all 
demand higher levels of value and transparency in care delivery performance. 
Quality improvement (QI) methods are one of the key approaches to achieving the 
new and elevated performance expectations for healthcare delivery systems. QI in 
healthcare is defined broadly as “the combined and unceasing efforts of everyone—
healthcare professionals, patients and their families, researchers, payers, planners 
and educators—to make the changes that will lead to better patient outcomes 
(health), better system performance (care) and better professional development” [1, 
p. 2]. While the pressures exerted on healthcare systems for improved value are new, 
the application of QI methods are not. Researchers and practitioners have applied a 
broad range of QI methods for decades [2] and have achieved mixed results [3–5]. 
In this decades-long experience with QI, the field has learned much about the criti-
cal components of effectiveness.

This chapter provides an overview of state of the science and practice of quality 
improvement in healthcare. First, we describe the fundamental models and exemplar 
methods of QI in healthcare. There are many techniques, but they can all be organized 
using a common set of knowledge systems or domains. We describe these systems 
and discuss how common-structured approaches to QI in healthcare address these 
varied knowledge domains. Second, we draw insights and guiding principles from 
the area of high-reliability organizing. This area of scholarship seeks to understand 
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resilient performance in high-risk, yet highly safe, industries. Ultimately, QI is orga-
nizational change. Arguably, few organizations are as complex, interdependent, and 
difficult to change as healthcare organizations. QI models and methods offer tools 
that can facilitate change and continuous learning when used mindfully.

�Quality Improvement Models and Methods

Quality improvement efforts draw on a broad range of methods to achieve better 
outcomes. However, the use of “systems thinking, data analysis, and [multidisci-
plinary] teams” [6, p. 203] underlies most QI approaches. The diversity of what is 
considered QI, and how it is conducted, creates challenges in large-scale assessments 
of its effectiveness [7, 8] as well as confusion among practitioners about where to 
begin. In this section, we review the variety of “knowledge systems” that underlie QI 
in healthcare, discuss common structured approaches that draw from these systems, 
and review a general set of values that characterize effective QI implementation.

�The Knowledge Systems of Quality Improvement

The breadth and depth of theories, strategies, and tools employed in QI in healthcare 
can be overwhelming. Underlying this complexity, however, are several core 
domains of knowledge that must be integrated to achieve improved outcomes. 
Batalden and Davidoff [1] provide a useful framework for understanding the types 
of work involved in QI in healthcare. Specifically, they define five core “knowledge 
systems.” Each of these knowledge systems described below focuses on different 
problems and employs different methods. Ultimately, successful QI requires inte-
gration across these knowledge systems. Figure  2.1 depicts the relationships 
between each knowledge systems of QI.

First, generalizable scientific evidence is derived from empirical studies of inter-
ventions and ultimately the distillation of this evidence into clinical guidelines. This 
knowledge system seeks to control for contextual factors in analysis in order to gen-
erate an understanding what therapies or other interventions are most effective over-
all. It is the evidence behind evidence-based medicine. However, generating evidence 
and creating guidelines are necessary but insufficient to produce change or improved 
care [3]. Second, particular context awareness involves generating knowledge about 
the elements of a specific implementation setting or work context. This includes 
systematically collecting and analyzing information about local care processes, 
structural constraints of an organization (e.g., staffing, information technology infra-
structure, resource constraints), and local history (e.g., exposure to interventions in 
the past, personal relationships) that may impact QI efforts. This knowledge system 
provides insight into what changes may be required to enable a specific organization 
to achieve its desired outcomes. Third, performance measurement provides the 
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means of determining whether or not, or the degree to which, QI efforts are effective 
at improving targeted outcomes. Effectively measuring quality in healthcare is 
extraordinarily challenging [9], but progress is being made, and methods are matur-
ing [10]. However, measuring performance alone does not improve performance 
[11]. Fourth, plans for change employs the breadth of systems-based improvement 
strategies for changing how care is delivered ranging from radical reengineering of 
systems and technology to training or passive information provision. This knowl-
edge system provides a means to adapt clinical evidence to the local work system—
to enable care providers to “do the right thing” (e.g., adhere to clinical guidelines) as 
reliably as possible. However, designing interventions and system fixes does not 
improve performance if these changes are not adopted by the organization. Fifth, 
execution of planned changes includes both understanding local barriers and facilita-
tors of change as well as general frameworks for managing change in complex orga-
nizations. This knowledge system reviews improvement as organizational change, 
and as such seeks to connect to the people within a system, understand their perspec-
tive, and introduce QI changes consistent with their values and priorities. This is 
achieved through structured change management approaches.

�Structured Approaches to QI in Healthcare

The five knowledge systems of QI in healthcare encompass an impressive breadth 
of activity. Working within any one of these domains requires deep expertise, and 
integrating across them truly requires an interdisciplinary team effort. Structured 

Execution of Planned
Changes

Quality Improvement

Generalizable Scientific
Evidence

Performance
Measurement

Plans for Change

Context Awareness

Fig. 2.1  Relationships between the five knowledge systems of QI (adapted from Batalden and 
Davidoff [1])
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approaches to conducting QI help these teams navigate this process. These 
approaches provide a set of conceptual and practical tools or steps that QI teams can 
follow and help to ensure that each knowledge system is incorporated into the QI 
effort. Below, we briefly review four structured approaches used in healthcare and 
discuss how they are related to the five knowledge systems.

�Translating Evidence into Practice (TRIP)

Translating evidence into practice (TRIP) is a four-step method including (1) sum-
marizing the evidence (i.e., identifying the most effective interventions and convert-
ing them in to behavioral specifications at the bedside), (2) identifying local barriers 
to implementation (i.e., employing multiple methods to determine “ground truth” of 
interventions in practice), (3) measuring performance, and (4) ensuring all patients 
receive the interventions [12]. The fourth step involves a series of activities to 
engage staff (i.e., establish the need and value of the program), educate staff on the 
interventions and evidence behind them, execute on the plan through design of an 
intervention toolkit adapted to local needs, and evaluate the impact of the interven-
tion. The TRIP model addresses all five knowledge systems of QI.  It provides a 
high-level framework for navigating the full spectrum of QI activities. Compared to 
other structured approaches, it places unique emphasis on moving from the avail-
able evidence to actionable and usable guidance at the bedside. However, large por-
tions of the clinical care knowledge base are underspecified and will likely remain 
so for some time [13]. Therefore, not all QI efforts will focus on adopting evidence-
based guidelines.

�Plan-Do-Study-Act (PDSA) Cycle

PDSA is a widely used approach designed to create rapid cycles of improvement in 
healthcare through “small tests of change” [14]. Specifically, PDSA application 
begins with an investigation or framing of the problem followed by (1) planning an 
intervention, implementation, and evaluation; (2) implementing (doing) the inter-
vention and evaluation plan; (3) studying the effects of the intervention by analyzing 
the evaluation data; and (4) acting based on what was learned (i.e., revisit early 
phases of PDSA, modify intervention, implement fully, or abandon project). This 
process allows for moving from general ideas to concrete solutions by rapidly and 
iteratively generating knowledge about what is working in a given situation as well 
as how it might be modified to be more effective. While conceptually simple, PDSA 
is sophisticated and can be challenging to implement [15]. It has become a frame-
work that underlies many QI programs. Because of its emphasis on adapting general 
ideas or solutions to local contexts and use of measurement and evaluation, PDSA 
integrates across context awareness, plans for change, and measurement knowledge 
systems.

M.A. Rosen and S.J. Weaver


