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BACKGROUND: Health care transition (HCT) is a period of high vulnerability for patients with chronic childhood diseases, particularly when patients shift from a pediatric to an adult care setting. An increasing number of patients with Kawasaki disease
(KD) who develop medium and large coronary artery aneurysms (classified by the American Heart Association according
to maximal internal coronary artery diameter Z-scores ≥5 and ≥10, respectively) are becoming adults and thus undergoing
an HCT. However, a poor transition to an adult provider represents a risk of loss to follow-up, which can result in increasing
morbidity and mortality.
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METHODS AND RESULTS: This scientific statement provides a summary of available literature and expert opinion pertaining to KD
and HCT of children as they reach adulthood. The statement reviews the existing life-long risks for patients with KD, explains
current guidelines for long-term care of patients with KD, and offers guidance on assessment and preparation of patients with
KD for HCT. The key element to a successful HCT, enabling successful transition outcomes, is having a structured intervention that incorporates the components of planning, transfer, and integration into adult care. This structured intervention can be
accomplished by using the Six Core Elements approach that is recommended by the American Academy of Pediatrics, the
American Academy of Family Physicians, and the American College of Physicians.
CONCLUSIONS: Formal HCT programs for patients with KD who develop aneurysms should be established to ensure a smooth
transition with uninterrupted medical care as these youths become adults.
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O

ver the past several decades, there has been a
significant increase in the number of children and
adolescents with chronic conditions surviving into
adulthood, with important implications for transition
from pediatric to adult health care systems. As a result,
there has been a sizeable increase in young adults with
childhood-onset conditions entering adult health care
facilities. Health care transition (HCT) is the process of
moving from a child to an adult model of health care and
includes changing from pediatric, parent-
supervised
health care to more independent, patient-centered adult

health care. Without a planned HCT process, barriers
to HCT are experienced by children, young adults, and
families, and may result in increased morbidity, mortality,
and health care costs.1 The field of HCT is a relatively
new field. It was only in 2011 that the American Academy
of Pediatrics published on the importance of HCT programs in pediatrics.2 That same year, the Transition
Readiness Assessment Questionnaire, a measure of
readiness for transition from pediatric to adult health
care for youth with special health care needs, was internally validated.3 The 2016 to 2017 National Survey
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Opening Vignette

While growing up, my understanding of Kawasaki
disease (KD) was limited. I was diagnosed with KD
when I was 17 months old. As a child, I remember
numerous visits to see cardiologists, while as a teenager I underwent stress tests and imaging studies.
By then, I had a vague idea of what KD was, but I
did not fully realize the potential complications of my
coronary artery aneurysms. When it was my time for
transition to adult-based care, it was unfortunately
not well coordinated. Follow-up visits became more
sporadic throughout college and beyond. I equated
a lack of symptoms with a clean bill of health, not
fully comprehending the thrombotic risks associated
with my aneurysms. I did not revisit KD again until
several years later in medical school, when I was
drawn to work on KD research and learned about
anticoagulation therapy. I was fortunate to not have
experienced a heart attack, but it is evident that
lapses in my health care transition could have ultimately led to disastrous outcomes. My story is a call
to improve the transition of care for patients with KD
worldwide, lest we fall through the cracks.

—Samuel C. Kung, MD, MAS
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of Children’s Health reported that only 17% of children
with special needs and 14% of children without special
needs received transition-planning guidance from health
care professionals.4
Young adults with a history of Kawasaki disease (KD),
the most common cause of acquired heart disease in
children, are faced with similar HCT barriers. A survey in
Japan, published in 2018, found that >40% of patients
with KD and coronary artery lesion had been lost to
follow-up.5 Given the undeniable risk of life-threatening
coronary artery complications following KD, specific emphasis for HCT is even more relevant.6 The key steps to
successful HCT in patients with KD and with coronary artery disease, including an emphasis on patient education
and self-management skills, are just starting to be recognized.7 Having a guide to the elements needed in an
HCT program for children with coronary artery damage
attributable to KD is critical to ensure their safety as they
move into adulthood. This document reviews the existing
life-long risks and current guidelines for long-term care
of patients with KD and offers guidance on assessment
and preparation of patients with KD for HCT as well as
key elements for a successful HCT program.

EPIDEMIOLOGY AND LIFE-LONG
RISKS FOR PATIENTS WITH KD
The incidence of KD, the most common cause of acquired heart disease in children, is highest in Japan,
where by 10 years of age, >1 in 100 children have a
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history of KD, with 1 in every 65 boys and 1 in every 82
girls diagnosed with KD.8,9 In the United States, despite
some seasonal variations in KD, incidence rates are 20
to 25 per 100 000 children <5 years of age, >10 times
lower than that in Japan. Despite a lower incidence,
it is estimated that 1 in 1600 Americans will have a
history of childhood KD by 2030.10 KD is reported in
>60 countries, with increasing incidence in many parts
of the world.11–14 The mortality rate in KD is generally
<1%, likely an underestimation given missed cases and
that this is not a reportable disease in many parts of
the world.13,15 However, some patients experience significant morbidity related to the development of coronary artery aneurysms, defined by the American Heart
Association as Z-score (internal diameter adjusted for
body surface area) ≥2.5.16 Coronary artery aneurysms
are classified by the patient’s maximal coronary Z-score
as small (Z-
score ≥2.5 and <5.0), medium (Z-
score
≥5.0 and <10), and large or giant (Z-score ≥10).17 About
20% of patients with KD develop transient coronary
artery dilatation (Z-score ≥2 and <2.5), and up to 5%
develop medium or large coronary artery aneurysms.18
In a comparative analysis of coronary artery measurements from American and Japanese patients with KD,
nearly 30% of patients in the United States and 44%
of patients in Japan met the cut point of a coronary
artery Z-score ≥2.5%, and 5% of patients from both
countries developed coronary artery aneurysms with
a maximum Z-score ≥5.19 Extremes of age (infants and
children >8 years), male sex, delayed diagnosis and
treatment, and higher markers of inflammation at the
time of diagnosis have been associated with increased
risk of cardiovascular complications,20–23 specifically
coronary artery aneurysms.
Although coronary artery aneurysm regression is
reported in 75% of patients, long-term effects in the
inflamed arterial wall remain a concern, especially in
patients with KD with giant aneurysms that have not
regressed. With aneurysmal remodeling or regression,
there is the risk that myofibroblast proliferation can result in abnormal vascular reactivity.24,25 Thrombosis and
progressive stenosis of a giant aneurysm can cause
ischemic heart conditions, myocardial infarction, and
sudden cardiac death in up to 48% of such patients.16,26
Additional lines of study suggest that long-
term
follow-up is necessary for patients with KD and with
coronary artery issues. Optical coherence tomography imaging of patients with KD with various degrees of coronary sequelae has shed new light on the
vascular damage in these patients. In a series of 33
patients aged 12.0±5.4 years, lesions, such as parietal fibrosis, cellular infiltrates, intimal hyperplasia,
or neovascularization, were detected even in some
coronary artery segments without previous dilation
by echocardiogram. Similar lesions were present in
significantly higher proportions in coronary segments
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with persistent aneurysms, followed by segments with
angiographically regressed aneurysms and segments
with coronary artery dilatation but no previous evidence of aneurysms.27 A recent review of mid-term
complications after acute KD in patients with documented coronary artery aneurysms was completed by
the International KD Registry.28 In this cohort of 1651
patients with KD, patients with coronary artery aneurysms with Z-scores <10 were primarily risk free, with
only 1 patient with an aneurysm Z-score of 8.5 showing
chronic cardiac ischemia, resulting in heart failure and
death. The risk of luminal narrowing and coronary artery thrombosis in this cohort was otherwise restricted
to patients with large or giant aneurysms (Z-
score
≥10). The strongest predictor of cardiac risk continues
to be the extent of damage to the coronary arteries.
The persistence of large coronary artery aneurysms
has a high risk of complications, which does not totally
exclude those with remodeled aneurysms.6,29 Beyond
the coronary complications, myocarditis is seen in
the acute phase of KD, with myocardial function generally thought to be normal beyond the acute phase
in patients who do not develop ischemic heart disease.30 Nevertheless, increased left ventricle volume,
decreased strain, altered diastolic parameters up to
12 months after onset of KD, and increased myocardial collagen distribution and content irrespective of
the presence or the absence of coronary aneurysms
suggest a possible long-
term effect on myocardial
structure and function.31

CURRENT AMERICAN HEART
ASSOCIATION KD LONG-TERM
GUIDELINES
According to the 2017 American Heart Association KD
guidelines, patients with KD with no history of coronary
aneurysms do not appear to be at increased risk of
cardiac events in adulthood and typically do not require
long-term cardiology follow-up.16,24,32 Patients with KD
and with aneurysms, either persistent or those that
have been remodeled and have decreased to a normal internal luminal dimension, should have long-term
follow-up, with their care transitioned to an adult cardiologist once they reach adulthood, generally between
the ages of 18 and 21 years.16 Most important, patients
with documented and persistent moderate or large
aneurysms require life-long surveillance with yearly or
biyearly assessment.16 Therefore, there remains a significant number of patients with KD who should have
long-term cardiology follow-up into adulthood.
Transition from pediatric to adult care for these patients needs to be a process involving a deliberate and
coordinated series to ensure uninterrupted care. Adult
patients with KD would benefit from follow-up with an
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adult cardiologist who understands both coronary artery disease as well as unique issues related to KD.
As KD typically occurs in young children, the 2017
KD guidelines laid out several educational goals that
are important to discuss with parents as well as patients with KD starting at approximately age 12 years.
These “knowledge goals” include: (1) review of details
of their illness, including sustained complications, cardiac sequelae, any cardiac events, and related procedures; (2) the names and rationale for any diagnostic
tests performed; (3) precise information on medications
that are required; (4) importance and rationale behind
restrictions on physical activity if any; and (5) specific
symptoms or signs that warrant immediate medical attention. This information must be understood and retained by the patient, who should also understand the
importance of uninterrupted life-long cardiology care.
Considerations on contraception and pregnancy of female patients warrant clarification. Later on, the small
but real risk of the possibility of KD in offspring should
be understood. Finally, long-term prognosis and associated health issues should be discussed as well as preventive strategies to achieve healthy lifestyle behaviors.
“Self-management skills” should be made apparent
to the young adult with KD at the time of transfer to increase the chance of success in the HCT. Those skills
include the ability to contact health care professionals,
to schedule and attend appointments and tests, as well
as to know when and how to access emergency care
or mental health services. Other self-caring goals are
more specific, such as creating and using a portable
health summary and maintaining health records and
adhering to a medication regimen, including requesting
prescription refills and being able to communicate independently and effectively with health care professionals.
However, despite these established objectives,
there is currently no clear path for HCT in many centers
that care for patients with KD. Some centers transition
patients with KD to adult cardiologists, others consider
adult congenital heart specialists, independently or in
conjunction with KD specialists, whereas other centers
delay HCT indefinitely.

HCT PLANNING: THE NEED FOR
READINESS
In 2018, the American Academy of Pediatrics, the
American Academy of Family Physicians, and the
American College of Physicians jointly published
the “Clinical Report: Supporting the Health Care
Transition From Adolescence to Adulthood in the
Medical Home.”1 This report builds on an earlier 2011
clinical report and represents professional organizations’ consensus on practice-
based implementation
of HCT for all children and youth beginning in early
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adolescence and continuing into young adulthood.2
The American Academy of Pediatrics, the American
Academy of Family Physicians, and the American
College of Physicians recommend a structured transition that is supported by 2 systematic reviews.33–35
These systematic reviews show statistically significant
positive transition outcomes for youth with special
needs in the areas of: (1) population health (adherence
to care, self-care skills, quality of life, and self-reported
health), (2) experience of care (increased satisfaction
and reduction in barriers to care), and (3) utilization
(decrease in time between last pediatric and first adult
visit, increase in adult ambulatory visits, and decrease
in hospital admissions and length of stay) with use of
this approach. This evidence-based structured transition incorporates the following components: planning,
transfer, and integration into adult care. To accomplish these 3 components of HCT, the 2018 American
Academy of Pediatrics, American Academy of Family
Physicians, and American College of Physicians clinical report recommends using an approach called the
Six Core Elements of HCT (Figure 1). This approach
was developed by Got Transition, the federally funded
national HCT center, and has been tested in a series
of quality improvement learning collaboratives that
demonstrated the effectiveness of an organized transition process in pediatric, family medicine, and internal medicine practices. The Six Core Elements (policy,
tracking, readiness, planning, transfer of care, and
transfer completion), with sample customizable tools
and measurement and implementation resources
(https://www.gottr a nsit i on.org/six- c ore- e leme  nts/),
have been widely used in primary and specialty care
systems36 (Figure 1). This report reiterated that HCT is
not just transfer alone but that all 3 components are
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required and that the HCT process should start early,
between the ages of 12 and 14 years.

PREPARATION OF YOUTH WITH KD
FOR HCT: A STARTING POINT
A key starting point for improving transition is preparation of youth with KD as well as parents/caregivers for
an adult model of care. This preparation includes the
following elements, outlined in the Six Core Elements
approach for the pediatric clinician (Figure 1).
The first core element is policy, which includes preparing an office transition guide for families, including discussion of the practice’s approach to an adult model of care
around privacy and consent. The second core element is
tracking, which ensures that a patient is offered a transition readiness/self-care skill assessment conducted periodically. The third core element is transition readiness.
The pediatric clinician should have a standardized way of
assessing the youth’s self-care skills. The fourth core element is planning, which involves creating a transition plan
jointly developed with youth and families that includes preparing for decision-making support, assembling a medical
summary and emergency care plan shared with youth and
families, identifying an adult cardiologist and primary care
clinician, and preparing transfer information for and communication with the new clinician. The fifth core element is
transfer of care, which requires engagement37 during this
vulnerable transition time of both the adult clinician and the
pediatric subspecialist to help the young adult schedule a
follow-up appointment with the adult health care clinician
within 3 to 6 months of leaving the pediatric clinician. The
sixth core element is transition completion, during which
the pediatric clinician confirms that the young adult has

Figure 1. Six Core Elements Approach and Timeline for Youth Transitioning From Pediatric to Adult Health Care.
Age is presented in years. Adapted from steps of the Six Core Elements of Health care Transition (HCT). © 2020 Got Transition (www.
GotTransition.org).36
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been seen by the adult clinician and facilitates obtaining
patient feedback about the HCT process.
HCT preparation involving all 6 core elements is a
process that evolves over several years and includes
working with the adolescent’s developmental stages
to achieve maturity, education, and self-management.
Integrating the age of transition with the required HCT
steps and elements results in an uninterrupted, longitudinal process; this process leads to the highest probability of success (Figure 2).37 Just as there is a Six Core
Elements package for pediatric primary care and pediatric cardiologists, there is also a Six Core Elements
package for adult primary care and adult cardiologists to
assist them in integrating and engaging the young adult
with KD into their practice (https://www.gottr
ansit
ion.
org/six-core-elements/integrating-young-adults/).36

TRANSITION READINESS OF THE
PATIENT WITH KD FOR HCT
One of these preparation elements involves conducting a readiness or self-care skill assessment to evaluate
the young adults’ understanding about their own health
and how to navigate adult health care. There are several readiness assessment tools available, but none to
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date has been externally validated in any disease, including KD.38–45 This means that a high score on any of the
readiness assessments does not necessarily predict a
successful outcome. Use of a readiness/self-care assessment tool is primarily to start the conversation on
what the young adult can do to better prepare for an
adult approach to care and to an adult health care system. One aspect of transition readiness is to understand
the youth’s and families’ perception of transition and their
willingness to engage in the transition process.
Got Transition’s readiness assessment tool assesses
the youth’s overall approach to HCT by asking 2 motivational interviewing questions: (1) How important is it to
you to transition to an adult provider or to manage your
own health care? (2) How confident are you in transitioning to an adult clinician or managing your own health
care? These questions have a scale answer from 1 to
10, where 0 is not important or confident and 10 is very
important or confident.46 These 2 questions can assist
the clinician gauge where the youth is in his or her overall
readiness, letting the clinician know if the youth does not
feel transition is important and whether the individual is
confident in his or her ability to move forward. To further
explore the importance or confidence of transitioning,
more probing questions can be asked (Table 1).47 Many
adult and pediatric specialty clinicians in collaboration
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Figure 2. Suggested timeline for transition and transfer of care.
Age is presented in years. Reprinted with permission from Mackie et al. © 2019 Canadian Cardiovascular Society.37
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with patient representatives and pediatric and adult
stakeholders have customized the transition readiness
assessment tool and other tools from the Six Core
Elements for particular diseases. Such examples include the American College of Cardiology’s congenital
heart disease HCT information and the American Heart
Association Congenital Heart Defects Committee.48,49
Similarly, a KD-specific transition readiness assessment
tool can be created for patients with KD.

result in undersized stenting) or dense calcification of lesions (requiring atherectomy before dilatation).55 Surgical
bypass in the setting of a moderate clot burden and good
flow can lead to graft failure because of competitive flow
in the native vessel. An adult cardiologist cognizant of
the natural history of KD coronary aneurysms who can
partner with experienced interventional cardiologists or
cardiothoracic surgeons would be well suited to manage
these more affected patients.

FINDING THE RIGHT ACCEPTING
PHYSICIAN

NEEDS OF THE HCT KD PROGRAM
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HCT to an adult cardiologist is potentially difficult because of lack of exposure to KD for most adult cardiologists in training and clinical practice. The clinical issues
to be managed revolve around the risk for thrombosis
and stenosis of the coronary and peripheral vessels.
Prevention and management of coronary thrombosis
or stenosis associated with coronary aneurysms represents challenges that may differ from those seen with
atherosclerotic disease. The use of statins in children with
complicated KD is becoming more common but for reasons other than decreasing cholesterol.50,51 However, the
literature on the utility of statins in the adult with complicated KD is lacking. Because coronary pathology following KD differs from that caused by atherosclerosis, the in
situ anti-inflammatory effects of statins may be taken into
consideration for adult patients with KD and with coronary
artery complications.52–54 When complications do arise,
percutaneous interventions can be challenging because
of a large clot burden (that can obscure vessel size and
Table 1. Questions to further explore the importance and
confidence in transitioning
Exploring importance
• What would have to happen to make transferring to an adult clinician
and managing your own health feel more important to you?
• Why have you given yourself such a high or low score on importance
to transferring to an adult clinician?
• What would need to happen for your importance score to move up
from x to y?
• What worries you about moving up from x to y?
• What are the good things about preparing for transition to an adult
clinician?
• What concerns do you have about transferring to an adult clinician?
• If you were to transfer to an adult clinician, what would it be like?
Exploring confidence
• What would make you more confident about taking charge of your
health/transferring to an adult clinician?
• Why have you given yourself such a high or low score on
confidence?
• How could you feel more confident about managing your health/
transferring to an adult clinician, so your score goes from x to y?
• How can I help you succeed in taking charge of your own health?
• What are some of the practical things you need to do to feel more
confident in managing your health/transferring to an adult clinician?
Do any of them sound achievable?
• Is there anything you can think of that would help you feel more
confident?

Although many adult health care centers may only see
a handful of adults with KD, developing and adopting
standardized practice workflows based on evidence
and published guidelines can help ensure that patients
with coronary artery damage from KD in childhood
receive high-quality care. With a plethora of clinical
guideline publications, quality of care delivery has
been closely linked to standardized practice based on
evidence.1,56 Over the past decade, the focus of quality
has begun to shift from standardization to personalization. Delivering proactive, rather than reactive, care in
a manner that is personalized and patient centered is
emerging as a cornerstone to quality care.57,58 For patients with KD, where genetics, environment, and behavior converge to determine outcomes, quality of care
despite low patient volumes is particularly important.
Quality determinants of HCT programs can be assessed using an adapted Donabedian approach, characterizing structure, process, and outcomes related
measures of patients with KD during HCT.59 The structural components of HCT delivery need to reflect the
required interdisciplinary expertise (notably, adult and
pediatric care providers with on-site interventional cardiac catheterization capabilities as well as the capacity to
perform coronary artery bypass grafting by expert surgeons). This combination of expertise can most often be
found in tertiary or quaternary care institutions. Process
measures of quality require the ability of an adult cardiologist to prevent complications of coronary disease,
anticipate the risk of coronary complications with noninvasive and invasive imaging modalities, and treat acute
coronary syndromes when they occur. This hybrid expertise is vital for optimizing care delivery for the growing
number of pediatric patients with KD reaching adulthood.
Ultimately, quality outcomes in HCT means minimizing
the care gaps that can lead to avoidable complications
and adverse comorbidity related to myocardial dysfunction, including the prevention of the delayed presentation of acute myocardial infarction and sudden cardiac
death. Resource allocation for HCT programs for KD, as
with other conditions, depends on the critical mass of
patients, the institutional priorities, competing demands
on the health care system, and the ability to deliver cost-
effective health management solutions.
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MODELS OF HCT TO DELIVER THE
BEST CARE
Like other youth with pediatric conditions that extend
across the lifespan, the course of patients with KD
and a history of coronary artery aneurysms has long
periods of stability variably punctuated by acute but
reversible deterioration.6 In light of the variation in the
patterns of disease expression, care delivery needs to
be nimble and highly responsive to patients and families as needs wax and wane throughout the longevity
that survival permits. In general, HCT programs can
be established using one of several models: as part of
broader HCT interdisciplinary programs aimed at supporting patients with chronic conditions, as part of a
single specialty care program depending on the organ
affected, or as dedicated stand-alone structures. There
may certainly be barriers encountered to establishing
an HCT program given the limitation of resources available in certain settings. In the absence of the ability
to create a full interdisciplinary program, an alternative
may be to assess a patient’s readiness for transfer by
evaluating the patient’s understanding of the illness,
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Current
state

medications, and rationale for certain testing starting at
age 12 years, identifying an adult provider in the community who understands the complexities of KD and
is willing to follow these patients, and providing that
adult provider and patient with KD a medical summary
that delineates key clinical issues, including the worst Z
score, most recent cardiac imaging, and medications.

RESEARCH NEEDS
Although much progress has been made in designing and
implementing HCTs over the past decade, there are critical gaps in knowledge about their optimal implementation
and effectiveness that must be addressed in future studies. Specifically for patients with KD, areas of future study
include the following: (1) evaluating the impact of HCTs
from pediatric to adult health care; (2) studying transition
outcomes in terms of population health (eg, adherence to
care and self-care skill development), experience of youth,
young adults, families, and clinicians, and use (eg, time
between last pediatric and first adult visit, adherence to
adult clinician appointments, and decreased emergency
department and urgent care use) and cost savings; and

Acons

Enes
Referring
Team

KD Paent

Implement Six Core Elements (focusing on
Preparaon for HCT, Transfer and Integraon
into Adult Care)
Demonstrate comprehension seriousness of
disease
Autonomy in educated and responsible decision
making

Follow through with HCT

Pediatric KD
knowledge
built over
50 years

Focused training in KD
Receiving
Team

Adopt standardized pracce workflow for KD
paents
Access to intervenonal cardiologists
AHA, ACC, ABIM

Scienfic
sociees &
governing
bodies

Support research
KD specific policies and dedicated conference
secons
Standardized training curriculae

Figure 3. A comprehensive approach for proper transfer of care focuses on
preparedness of the patient’s team that is referring the patients, the patient with
Kawasaki disease (KD), the receiving team, and scientific societies and governing
bodies.
ABIM indicates American Board of Internal Medicine; ACC, American College of
Cardiology; AHA, American Heart Association; and HCT, health care transition.
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(3) conducting surveys of young adults about their experience with transferring and integrating into adult care.
Digital technologies can be incorporated into a variety
of disease models to direct patients and families to appropriate resources in a timely manner. Their effectiveness
should be the subject of future studies.60,61 The life-course
health development framework was created to shift the
emphasis away from disease and toward health, with the
knowledge that health is a consequence of genetic, biological, and social determinants, and with the understanding that health development is an adaptive process.62 This
is particularly relevant to patients with KD who will have
largely normal lives, potentially punctuated with episodes
of disease attributable to cardiac damage in childhood.
Thus, the maintenance of health as an adaptive process
that requires an understanding of risk management over
long periods of time will lead to a more personalized approach to surveillance recommendations not only during
transition of care but across the life course.

CONCLUSIONS
In summary, a successful HCT program for patients
with KD is a multipronged approach that focuses on
preparedness of the KD patient’s team that is referring

the patients, the patient with KD, the receiving team,
and scientific societies and governing bodies (Figure 3).
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