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Children with medical complexity (CMC) have medical fragility and
intensive care needs that are not easily met by existing health care
models. CMC may have a congenital or acquired multisystem disease, a
severe neurologic condition with marked functional impairment,
and/or technology dependence for activities of daily living. Although
these children are at risk of poor health and family outcomes, there are
few well-characterized clinical initiatives and research efforts devoted
to improving their care. In this article, we present a definitional frame-
work of CMC that consists of substantial family-identified service
needs, characteristic chronic and severe conditions, functional limita-
tions, and high health care use. We explore the diversity of existing care
models and apply the principles of the chronic care model to address
the clinical needs of CMC. Finally, we suggest a research agenda that
uses a uniform definition to accurately describe the population and to
evaluate outcomes from the perspectives of the child, the family, and
the broader health care system. Pediatrics 2011;127:529-538

Since 1998, the Maternal and Child Health Bureau has defined children
with special health care needs (CSHCN) as those children who have or
are at increased risk of a chronic physical, developmental, behavioral,
or emotional condition and require health care and related services of
a type or amount beyond that required by children generally.! An ex-
tensive process informed the development of an intentionally broad
and inclusive CSHCN definition for the definition to be meaningful for
broad program planning and development. Although 13% to 18% of
children are considered to have special needs (excluding those who
are “at risk” for special needs),? there is considerable variation in
medical complexity, functional limitations, and resource need among
CSHCN.34 One important subgroup is the children who are the most
medically fragile and have the most intensive health care needs. Exam-
ples vary and include children who have a congenital or acquired mul-
tisystem disease, a severe neurologic condition with marked func-
tional impairment, or patients with cancer/cancer survivors with
ongoing disability in multiple areas. Terms traditionally used to de-
scribe this subgroup include a combination of children with 1 or more
of the following terms: complex, chronic, medical, conditions, and/or
needs (eg, complex chronic conditions [CCCs],® complex medical
needs,’ complex medical conditions,” and complex health conditions®),
as well as medically complex children.®0Inthis article, we use the term
“children with medical complexity” (CMGC). The rationales are that it
uses “person-first” terminology and refers to the extra time, expertise,
and resources necessary to achieve optimal health outcomes for these
children.
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CMC are likely increasing in preva-
lence because of increased survival
rates of infants born prematurely,'
those born with various congenital
anomalies,’2’® and/or those with
chronic conditions, as well as im-
proved treatments for acute illnesses
in fields such as intensive care'* and
oncology.’ These medical successes
in survivorship have likely also re-
sulted in rising rates of complications
and childhood disability,'®'” with sub-
sequent increases in intensive medical
technology use,'® medical and nursing
care,’ and coordination needs.? Re-
gardless of underlying diagnoses, all
CMGC share similar functional and
resource-use consequences, includ-
ing (1) intensive hospital- and/or
community-based service need, (2) re-
liance on technology, polypharmacy,
and/or home care or congregate care
to maintain a basic quality of life, (3)
risk of frequent and prolonged hospi-
talizations, which leads to high health-
resource utilization, and (4) an ele-
vated need for care coordination.?' The
need to coordinate care for CMC has
been underscored by the recent emer-
gence of numerous novel complex care
programs across North America that
address the service needs of CMC in a
variety of inpatient, outpatient, and
community-based settings.'022-24 How-
ever, meaningful evaluation of the out-
comes of these and other programs is
limited by a lack of agreement on a
definition of CMC and the absence of a
clinical and research agenda. The ob-
jectives of this article are to (1)
present a definitional framework for
describing CMC and (2) propose a clin-
ical and research agenda for a model
of service delivery that is aimed at im-
proving the quality of health care for
CMC and their families.

DEFINITIONAL FRAMEWORK OF CMC

Despite recent attention focused on
CMC in the clinical setting, there are
considerable inconsistencies in the
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Definitional framework for CMC among other definitions of chronic conditions of childhood.” In this
framework, CMC are defined as children with characteristic patterns of needs, chronic conditions,
functional limitations, and health care use. CCCs are as defined by Feudtner et al.2

way these children are defined in the
research literature. Clinical and re-
search initiatives would benefit from
the use of a uniform definition that is
clear, reproducible, and comparable
across studies. This definition should
be able to consistently identify chil-
dren whose health and quality of life
depend on integrating health care be-
tween a primary care medical home,
tertiary care services, and other im-
portant loci of care such as transi-
tional care facilities, rehabilitation
units, the home, the school, and other
community-based settings. The thresh-
old for definition of CMC may be con-
text-specific; definitions used in epide-
miologic studies may differ from
enrollment criteria for inclusion in
clinical programs in different locales
depending on resource availability, al-
ternative models of care, and the spe-
cific family situation. Additional issues
to address in operationalizing a defini-
tion for CMC include the periodicity of
assessments, because complexity of

care needs may change over time, as
well as the mechanism to identify such
patients (eg, individual providers, sys-
tems of care, parental reports, etc).

Our definitional framework adapts
recommendations from a recent sys-
tematic review of chronic disease of
childhood (Fig 1).25 In this review, we
propose a framework of 4 broad do-
mains to characterize chronic condi-
tions of childhood: needs; chronic con-
ditions; functional limitations; and
health care use. Gonceptually, the com-
bination of specific manifestations of
each of these 4 domains encompasses
the collective features of CMC.

1. Needs: CMC are characterized by
substantial family-identified health
care service needs such as medical
care, specialized therapy, and edu-
cational needs. The service needs
have a significant impact on the
family unit, specifically time de-
voted to direct care, frequent pro-
vider visits, care coordination, and



financial burden. The type, intensity,
and consistency of these manifesta-
tions may change dynamically over
the life of the child depending on a
variety of medical, psychosocial,
and community factors.

2. Chronic condition(s): CMC have 1 or
more chronic clinical condition(s),
either diagnosed or unknown, that
are severe and/or associated with
medical fragility (eg, high morbidity
and mortality rates). The condition
and/or its sequelae should be ex-
pected to be potentially lifelong, al-
though some children may improve
with optimal care or with time. Ex-
amples may include a known condi-
tion identified among an estab-
lished list of CCCs.%8 An unknown but
suspected complex and chronic
condition, such as a child born with
multiple congenital anomalies but
lacking a unifying diagnosis, would
be included.

3. Functional limitations: Functioning
is typically classified by using key
dimensions of body structure and
function, performance of activities,
and participation in communal
life.2728 For CMG, the limitations are
typically severe and may require as-
sistance from technology such as a
tracheostomy tube, feeding tube, or
a wheelchair. The type, consistency,
and severity of functional limita-
tions may vary over the life of the
child in the context of environmen-
tal and personal factors.

4. Health care use: CMC typically have
high projected utilization of health
resources that may include fre-
quent or prolonged hospitalization,
multiple surgeries, or the ongoing
involvement of multiple subspe-
cialty services and providers. The
intensity of health care use may
also vary over time but is antici-
pated to be substantial when com-
pared with other populations of
CSHCN.
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Clinical examples of CMC are de-
scribed in the Appendix.

Our 4 domains complement the exist-
ing literature on CMC. Previous defini-
tions lacked at least 1 domain, in part
because of the data source or a partic-
ular focus such as family-identified
needs, diagnostic and procedural
codes, functional limitations, and re-
source use.

The National Survey of Children With
Special Health Care Needs (NS-CSHCN)
assesses family-reported need and en-
ables state-level prevalence estimates
and descriptions of CSHCN.2® One re-
port described rising complexity by an
increasing number of affirmative an-
swers to 5 screening questions that
identify special needs; there was a re-
sultant upward trend in costs and ser-
vice needs.> The NS-CSHCN inquires
about 16 common health conditions,
the presence of 14 different functional
limitations, and the use of numerous
specific types of health services that
may capture CMC. Although the condi-
tion list may detect many of the comor-
bidities among CSHCN, the NS-CSHCN
lacks information about less common
primary medical conditions that may
be important contributors to the
child’s complexity, the duration, fre-
quency, and severity of underlying
chronic health issues, and specific de-
tails on functional limitations (such as
technology dependence) and intensive
service use, which may better capture
and describe this key population.

In 2000, Feudtner et al?® compiled a list
of International Classification of Dis-
eases, Ninth Revision—coded “complex
chronic conditions” (CCCs) based on
an operational definition of a medical
condition that lasts for >12 months
and involves several different organ
systems or 1 organ system requiring a
high level of specialty care and hospi-
talization. Examples of GGCs include
brain and spinal cord malformations,
metabolic disorders, cardiac and re-
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spiratory malformations, and malig-
nancies. CCCs account for 2.3% of all
newborn discharges from hospitals in
Ontario, Canada,® as well as an in-
creasing proportion of childhood
deaths?® and pediatric hospital care.s!
There are limitations to approaches
that rely exclusively on diagnostic
codes. CCCs were not designed to de-
scribe the interaction of the condition
with needs, functional limitations, and
health care use. Thus, a particular CCC
(eg, cystic fibrosis) can include chil-
dren ranging from those who are vir-
tually asymptomatic, and therefore un-
likely to meet criteria to be considered
CMC, to those with severe functional
impairment who spend large portions
of their lives interfacing with the
health care system and would fulfill
criteria for CMC. CCCs may also ex-
clude children whose condition(s)
is not defined by a particular coded
diagnosis.

Other definitions of complexity focus
on descriptions of functional domains
and fragility in keeping with the World
Health Organization’s framework for
classifying impairments, disabilities,
and handicaps. These definitions in-
clude terms such as (1) children with
multiple impairments (those with “sig-
nificant physical disabilities combined
with sensory and/or cognitive defi-
cits”),’ (2) the technology-dependent
child (“a child who requires both a
medical device to compensate for the
loss of a vital body function and signif-
icant and sustained care to avert death
or further disability”) 32 (3) the medically
fragile child (who is either technology
dependent or “requires substantial on-
going nursing care to avert death or fur-
ther disability”),% and (4) children with
complex needs (“children with multiple
health/developmental needs that re-
quire multiple services from multiple
sectors, in multiple locations”).® Of
these definitions, medical technology de-
pendence on devices such as atracheos-
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tomy or enteral feeding tube has been
most frequently used but by itself may
only identify a smaller subpopulation of
CMG.3

Lastly, administrative data have been
used to profile resource use by classi-
fying people into a health-status group
and a severity level. Neff et al%®36
identified medically extreme “cata-
strophic” patients as having chronic
conditions that are expected to be life-
long and progressive and to require
extensive services. Examples of cata-
strophic conditions included quadri-
plegia, cystic fibrosis, and spina bifida.
This “catastrophic” category com-
prised only 0.4% of the children but
was responsible for 11% of health care
charges and 24% of all pediatric hospi-
tal charges. However, in a follow-up ar-
ticle, Neff et al¥” noted that only half of
“catastrophic” children in a given year
were identified because of the varying
utilization between different years.

In sum, although a variety of defini-
tions exist that capture 1 or more of
the domains of CMC, each has its limi-
tations. A definitional framework that
captures needs, chronic conditions,
functional limitations, and health care
use is necessary to accurately de-
scribe this population of children and
to develop interventions to improve
their outcomes.

CLINICGAL AGENDA

Despite the relatively small numbers
of CMC, the impact of suboptimal care
forthese children ontheir health, their
family’s well-being, and the health care
system is substantial. It is not surpris-
ing that in 2003 the Institute of Medi-
cine identified CSHCN as a priority for
national action and emphasized the
impact of those with substantial medi-
cal problems.s8

The evidence from examinations of
clinical models of effective and effi-
cient provision of health care for CMC
remains remarkably limited. Existing
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care models include medical homes,
comanagement, and hospital-based
and hybrid models that focus on care
coordination. Reports from several
mainly uncontrolled studies have de-
scribed the medical home,-*
hospital-based programs,'9244 hospital-
to-medical home transitions,?? home
care, %  tele-home care’® and
disease-specific specialty clinics (eg,
cystic fibrosis,® epilepsy,®" and sickle
cell disease®?). Adult providers are
also developing adult complex care
models.53 The care models all typically
provide enhanced care coordination
and/or condition-specific expertise.

The medical home model, with the pri-
mary care physician as the central hub
for care coordination, has been es-
poused as ideal for the care of CSHCN.
However, implementation for CMC has
been limited,> likely because of time
restrictions, inadequate payment, and
lack of decision-making support for
primary care providers. Many subspe-
cialty care clinics are restricted to pa-
tients who fit a specific diagnosis; ter-
tiary care complex care models provide
enhanced decision-making support and
care coordination at the hospital but
can subsume care away from the
community-based medical home.

A clinical agenda focused on an opti-
mal model of care for CMC can be in-
formed by the principles of the chronic
care model (CCM) created by Wagner
et al.%% The CCM has received consid-
erable recent support in the literature
as a framework for system-based re-
form.5” The CCM espouses health sys-
tem redesign and emphasizes family/
provider partnerships, improved self-
management, and decision-making
support by primary care providers. In
accordance with the CCM, the ideal
care model for CMC addresses each of
the elements that define CMC. Specific
components within the 4 domains of
the definitional framework include:

® Needs: a family-centered system of

carethat provides accessible health
care services as well as information
to families and empowers families
in self-management. Provider up-
take of the principles of family-
centered care and inclusion of fam-
ilies as advisors to system redesign
are crucial.

® Chronic conditions: sufficient knowl-
edge, understanding, and decision-
making support across the entire
continuum of care including both the
community and tertiary care levels. In
particular, ongoing education or sup-
port to primary care providers on the
care requirements of the child or pop-
ulation may be necessary.

® Functional limitations: ensuring
availability of supports for the fam-
ily and community, including neces-
sary medical technology for maximi-
zation of functioning within the key
dimensions of body structure and
function, performance of activities,
and participation in communal
life.?

® Health care use: a care-delivery sys-
tem that prioritizes high-quality and
efficient care through enhanced care
coordination and clearly defined pro-
vider roles across different settings.

Creating care models for CMC re-
quires champions across a variety
of settings to implement a quality-
improvement agenda. Initial efforts
can be focused on single or bundled
quality-improvement implementation
tools. Examples include care plans,
dedicated care coordinators, targeted
patient-safety initiatives (eg, enhanced
medical reconciliation), and/or pro-
vider education (eg, best practices for
specific procedures or complications).
Shared decision-making aids are an-
other potentially useful tool that can
help patients and families make value-
based informed choices among rele-
vant health care options.5 The fre-
quent interface that these children
have with the medical system also pro-



vides an opportunity to target patient-
safety enhancements such as reduc-
tion of medical® and medication®
errors. New services dedicated to
CMC need to take into account the
local facilities, expertise, existing care
access, and community resources for
CMC. Specific issues to address in-
clude the roles of complex care ser-
vices and referring providers; the
technical expertise, knowledge, and
after-hours availability required of
such services, particularly in the pri-
mary care setting; and communication
tools, including referral forms, inte-
grated electronic medical records,
and communication between provid-
ers, needed to create a seamless and
effective plan of care.

Providers for and families of CMC
should advocate to hospitals, payers,
and policy leaders for the priority of
CMC as a target population for system
reform. However, advocacy for CMC
should not preclude advocacy for all
CSHCN, because suboptimal systems
performance is common for GSHCN.
Such advocacy may include funding for
dedicated clinical services; community
provider information support; commu-
nication tools; and increased advisory
roles and partnership by families.
Care for complex and chronic illness is
complicated by health care payment,
which provides incentives for volume
and procedures among physicians at
the expense of care coordination, ex-
panded nursing roles, and home
care.b" Excessive hospital-based re-
source utilization has been used to jus-
tify development of complex care ser-
vices.52 Although there has been no
known controlled trial of dedicated
complex care service provision for chil-
dren, results of preliminary studies
have shown potential for substan-
tial cost savings by decreasing utiliza-
tion of hospital days through care-
coordination interventions.'02465-65 A
key clinical and research priority that
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has yet to be addressed is the use of
alternative payment models to reduce
costs and improve quality for CMC.

RESEARCH AGENDA

The Institute of Medicine has identified
the comparative effectiveness of pro-
grammatic models in severe chronic
disease as a priority area of
research.5

To date, the definitions, designs, and
outcomes of evaluation studies for
CMC vary markedly. A focused re-
search agenda on CMC must opera-
tionalize the definitional framework
found in Fig 1 into tools that are reli-
able, valid, and feasible. Most adminis-
trative data sets cannot fully capture
CMC and will almost certainly be lim-
ited in scope ifthey cannot incorporate
family-identified needs and functional
limitations. However, adaptation of ex-
isting instruments such as adding
questions that capture elements of our
definitional framework to the NS-
CSHCN may help achieve this goal, par-
ticularly if it is augmented by linked
data from health administrative data
sets and/or instruments completed by
providers to create a complexity scale.

Improvement science that addresses
the care of CMC needs to link the clini-
cal interventions being assessed (eg,
models of care, care plans, reimburse-
ment strategies) with important and
measurable outcomes. Examples of
such outcomes should reflect the defi-
nitional framework of CMC, specifically
meeting family-identified needs, re-
ducing condition-specific health com-
plications, addressing functional limi-
tations, and reducing unnecessary
health service use, including emer-
gency department visits, hospitaliza-
tion days, readmissions, and cost of
total care. Outcomes should discrimi-
nate between whether the intervention
is condition-specific or condition-
independent. Some existing literature
focuses on condition-specific interven-
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tions and outcomes common to many
CMC. Examples include comparative ef-
fectiveness of treatments for particu-
lar subgroups of children (eg, gastro-
esophageal reflux disease and
comparative antireflux procedures for
children with neurologic impair-
ment) 5788 |t is unfortunate that CMC
are often excluded from condition-
specific studies because of the rarity
of underlying conditions, disease se-
verity, and/or multiple comorbidities.%

Studies that focus on condition-
independent outcomes could include
measures of perceptions of health
care quality or health-related quality
of life, both of which are particularly
important for a group of children who
interface so frequently with the medi-
cal system. Mental health should also
be measured as salient outcomes, be-
cause psychiatric issues are common
in many CMC.7° Because of the potent
and pervasive impact of complex con-
ditions on families and parental care-
givers, including enhanced stress,’
poor health,’273 marital discord,”* and
employment and financial conse-
quences,”™ families should be actively
involved in the research process and
help inform the selection of important
family-based outcomes. Examples of
family-based outcomes include care-
giver health and quality of life, family
functioning and resiliency, the effects
on siblings, and/or financial impact.
Other  condition-independent  out-
comes include integration and partici-
pation in the community’® and family
knowledge about and utilization of
their child’s medical care and commu-
nity resources. Gareful consideration
should be given in all studies of
condition-independent outcomes in
CMGC to appropriate comparison
groups, including both children with
and without special health care needs.
Outcome measures should encompass
the holistic International Classification
of Functioning, Disability and Health
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definition of functioning, disability, and
health,228 which includes domains that
may (eg, body structure and function) or
may not (eg, activities and participation)
be permanently impaired among some
CMC. For the many CMC with life-limiting
conditions, key processes of care such
as the availability of palliative care, end-
of-life care, advanced directives, and ac-
cessibility to hospice care should be ad-
dressed as well.

Finally, critical goals for all GSHCN in-
clude seamless health care transitions
for adolescents and young adults to
the adult medical care system.778 Ex-
amples of successful transitions to
adult care exist for specific complex
and chronic medical conditions.”-8
Such models need to be applied and
evaluated in a broader group of youth
regardless of their underlying diag-
nostic condition.

CONCLUSIONS

CMC pose important challenges to
families, providers, and our health
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