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How can the principles of complexity science be applied to
improve the coordination of care for complex pediatric
patients?
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Clinical and technological advances in medicine have
resulted in more patients requiring multidisciplinary care
and coordination of services. This is particularly
challenging in pediatrics, given the dependency of
children. Coordination of care is a key ingredient of quality
care; when suboptimal, clinical outcomes and satisfaction
can suffer. In this article we view coordination of care
through the lens of complexity science in an effort to find
new solutions to this healthcare challenge.
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C
linical and technological advances in med-
icine support numerous patients at the
extremes of age and those with debilitating

illnesses. Many are complex patients—that is,
patients with multisystem disease who require
multidisciplinary care and coordination of numer-
ous services. The dependency of the pediatric
population poses unique challenges for care, given
the complete dependency of children on their care
givers—most notably their parents.

Unfortunately, children with complex needs
often experience poor coordination of care both
in hospital and in the ambulatory care setting.1 2

Family members might be considered best suited
to assume a leadership role in this regard, but
they may feel limited by their knowledge about
their child’s condition or by their skills and
strength.3 The primary care pediatrician might
also play a pivotal role in coordination of care for
these patients, but they too may be encumbered
by lack of knowledge about the medical condi-
tions and available resources, and lack of
communication from specialists and services
involved in the child’s care.4 There may be too
many coordinators or, conversely, a designated
or capable coordinator may be lacking. All the
above may result in frustration for the patient
and family, and inefficient and poor quality
patient care.4 As current strategies have not
remedied the problem, a novel approach to
coordination of care would be welcome. In this
paper we hypothesize that complexity science
can provide insight into how to improve coordi-
nation of care for patients with complex illness,
and propose a research agenda to explore this
hypothesis.

WHAT IS COORDINATION OF CARE?
Coordination has been defined as ‘‘the process
of orchestrating the sequence and timing of

interdependent actions’’.5 In health care, coordi-
nation involves ‘‘assessment, planning, imple-
mentation, evaluation, monitoring, support,
education and advocacy, and it occurs in multi-
ple systems’’.6 The American Academy of
Pediatrics has expanded on the components of
care coordination as required for children with
special healthcare needs to include itemizing
planning treatment strategies, coordinating visits
with subspecialists, organizing care to avoid
duplication of diagnostic tests and services,
sharing information among healthcare profes-
sionals and families, planning a hospital dis-
charge, and reassessing and readjusting the plan
of care over time.4

Poor coordination of care has many conse-
quences. It has been perceived as a problem in
care2 and has been directly correlated with
quality of care as perceived by the patient
including lower levels of patient satisfaction.7

Better coordination of care is associated with
higher levels of perceived health status and
receipt of preventive services.8 9 Poor coordina-
tion is associated with increased medical errors,
morbidity, and mortality.1 10 11 Jaipaul et al12

reported that satisfaction with care—specifically,
satisfaction with coordination of care—was
inversely correlated with mortality rates. In
pediatrics, parents of children hospitalized at
academic health centres (AHCs) reported 9%
more problems with coordination of care than
those at non-AHCs.2 Because patients hospita-
lized in AHCs are likely to have more complex
medical problems, the numerous providers in
teaching institutions may amplify opportunities
for communication gaps. In addition, lack of a
timely and easily accessible repository of medical
information may impede communication.

These problems of coordination can be ampli-
fied by social factors. For example, a study
examining the relation between care coordina-
tion and mental health service use found lack of
coordination more prevalent in those of black or
Hispanic ethnicity reporting poverty and low
parental education.13 14 Factors which may
impede communication include language bar-
riers and differing cultural approaches to
informed consent and communication of health
information among family members. Thus, lack
of coordination of care is a frequent problem
with serious consequences, and improving coor-
dination of care has the potential not only to
improve satisfaction, self-perceived health status
and equitability of health care, but also to reduce
morbidity and mortality.
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THE CHALLENGES OF COORDINATING CARE
Everyday system providers are troublesome for every patient,
but for complex patients with extra needs such as transpor-
tation, errors become especially troublesome. This is because
patients with complex healthcare needs require coordination
of care between their providers and services—within hospi-
tals, within their community, and between hospitals and
community. Consider a child in a wheelchair who requires an
outpatient CT scan. The family is taken by special transport to
the diagnostic imaging facility and arrives late only to find
that the CT scan is cancelled. The follow up clinic the family
attends is not informed that the scan has not taken place. The
family does not realize that the follow up visit is specifically
to address the results of the new scan. The family goes to the
clinic, again by special transport, and waits 2 hours to be
seen, only to find that the clinician has nothing to offer
without the new test results.

Lindeke et al have outlined the complexities of coordinating
care for children with special health care needs.5 A case is
cited of an agency bringing together the many parties
involved in the care of a single special needs child.
Eighteen individuals (health service providers, teachers,
social workers, etc) convened for the meeting, at the end of
which a consensus surrounding care was achieved with the
family. However, such meetings across boundaries (that is,
hospital based and community based specialists) do not
commonly take place,5 and patients/families/parents often
have to negotiate the difficult coordination pathway them-
selves. Physicians and nurses have been reported to spend
hours of unremunerated time coordinating care activities
(such as referrals and mental health issues).15 In a fee for
service model, remuneration is pegged to average case
severity. The additional time required to coordinate care for
the complex patients therefore serves as a subtle (or not so
subtle) disincentive to spend time in such activities.

Organizations often seek to redress problems of coordina-
tion by increased standardization16—such as with the use of
checklists, algorithms, or detailed information packets—with
the underlying assumption that the adoption of these
standards of care will result in a more reliable and systematic
process. While these attempts to reduce complexity work
some of the time, most practitioners and clinical staff
intuitively understand that not all outcomes are predictable
and that a single algorithm will not fit all patients.17

It is clear that the challenges of coordinating care,
particularly for complex patients, have not been uniformly
solved to date by current approaches. How can a science that
embraces complexity offer an alternative approach?

LOOKING TO COMPLEXITY SCIENCE
Coordination of care necessitates traversing disciplinary
boundaries and occurs both within and between multiple
systems. A ‘‘system’’ is a set of connected or interdependent
things or agents (such as a person, a molecule, a species, or
an organization). Both systems theory and complexity
science focus on the relationships between these elements
rather than on each element alone within the system. The
best way to understand complexity science is to contrast it
with established science, since most have an understanding
of this latter field of knowledge (table 1).

Healthcare delivery has been described as a living system
or a ‘‘complex adaptive system’’17 19 20—that is, ‘‘ a collection
of individual agents with freedom to act in ways that are not
always predictable, and whose actions are interconnected so
that one agent’s actions changes the context for other
agents’’.20 Although to anyone healthcare delivery would be
considered a complex adaptive system, to someone with a
complex illness it is even more so. Complexity science
suggests that attempts to rigidly control a complex system
can increase problems and unintended consequences as
individuals in the system ‘‘work around’’ these controls.19

For example, after the introduction of bar code medication
administration in three VA hospitals, nurses were more likely
to omit scanning the wristband in order to reduce workload
during busy periods.21 Complexity science also suggests that,
in order to affect change in a complex adaptive system, we
must understand the recurring patterns in the system
including the patterns of relationships.19 22 Complexity
science applied to health care focuses on the pattern as well
as the networks and social context of patients, and
emphasizes the importance of context. Complexity perspec-
tives consider the importance that identities (professional
and personal) as well as the history and quality of relation-
ships can have on the emergent quality of the coordination
events for different cases. Table 2 outlines some of the key
principles put forward by complexity science for managing
complex adaptive systems.

The notion of applying the principles of complexity science
to medical science is not new. Whereas we are proposing the
application of complexity science to coordination of care,
Wilson and Holt used a complexity perspective to describe
alternative (that is, different from traditional) approaches to
managing three clinical situations: glycemic control in
diabetes mellitus, uncertainty in clinical diagnosis, and
health promotion.23 Using diabetic control as an example,
these authors refer to the DAFNE (Dose Adjustment For
Normal Eating) randomized controlled trial in which patients
with type I diabetes were given intensive training in intensive
insulin management in order to enable ‘‘dietary freedom’’.
The intervention group had better glycemic control and
quality of life than those adhering to a more traditional ‘‘tight
control’’ group, with no increase in hypoglycemic or
untoward cardiovascular events.24 The authors concluded
that appreciating the dynamic interactions between the
individual and the health concern can empower the practi-
tioner to explore unique emergent properties leading to
creative solutions, rather than superimpose textbook dogma
on the situation. Thus, sometimes the work around may
suggest changing the system whereas other times it may
suggest an innovative and imaginative solution. Ongoing
observation and re-examination will determine whether the
emergent system or solution is ultimately beneficial, and
whether further promoting and/or nurturing the same or
other relationships would be warranted.

If the provision of healthcare services is conceptualized as a
complex adaptive system, then logic dictates that coordina-
tion in health care must be seen as a dynamic characteristic.
Coordination can then be expected to manifest in diverse

Table 1 Complexity science compared with established
science

Complexity science Established science

Holism Reductionism
Indeterminism Determinism
Relationships among entities Discrete entities
Non-linear relationships Linear relationships

Critical mass thresholds Marginal increases
Quantum physics Newtonian physics

Influence through iterative non-
linear feedback

Influence as direct result of force
from one object to another

Expect novel and probabilistic
world

Expect predictable world

Understanding; sensitivity analysis Prediction
Focus on variation Focus on averages
Behavior emerges from bottom up Behavior specified from top down
Metaphor of morphogenesis Metaphor of assembly

From Begun et al.18
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ways and would not be an equilibrium state; it would be an
emergent quality of various aspects of the system and would
be different at different points in time. A complexity
approach would suggest that attempts to reduce or rigidly
control complexity and uncertainty may fail as the agents in
the systems—that is, service providers, patients, and policy
makers—are aware and able to learn and take action to affect
outcomes.19 22 A complexity perspective suggests that we
must understand systems better by examining the structures,
processes, and patterns that underlie the current approaches
taken by the agents in the system.25 Traditional attempts to
change systems have focused mainly on altering the
structures (for example, physical or administrative) and the
redesign of processes (for example, input, output and
throughout) of the system. Capra25 has suggested that
understanding the patterns or informal networks within
the system is equally important, and that successful
improvement requires integration and change in all three:
structure, process and outcome. Only through understanding
some of the structures, processes, outcomes, and patterns of a
clinical situation or system can we begin to work within it to
improve coordination of care in a complex environment. This
final step requires quantitative and qualitative investigations
of the systems with a focus on ‘‘failures’’ to understand
complex systems.

APPLICATION OF A COMPLEXITY PERSPECTIVE TO
COORDINATION OF CARE
Let us return to our special needs patient whose CT scan was
cancelled and who subsequently spent two unnecessary
hours in clinic waiting for follow up advice. The traditional
approach to preventing a repeat of a similar situation would
be to attempt to standardize the protocol for the timing of the
CT scan, the reporting of the results, and the subsequent
follow up physician visit. Patients would often be given
complicated instructions attempting to consider all contin-
gencies and their expected response. Such an approach may
fail to consider the unique requirements of a special needs
patient (for example, physically or mentally challenged, lives

out of town) or the impact of a cancelled procedure. In
contrast, a complexity approach which assumes interdepen-
dence among many systems—in this case patient, transport
service, primary physician, CT facility and technologist,
reporting of CT result, etc—would provide minimal rules or
specifications that create greater understanding of the
relationships in the system and allow for individualization.
The key to understanding how to improve coordination here
is to understand the functioning of the relationships. One of
the first things to examine is the relationship between the CT
scan unit and the clinic. How are they working together? Do
they see themselves as connected? Can we improve the
coordination by enhancing the relationship between the two
units? For example, if the CT scan unit and clinic saw their
work as complementary, then they might choose to link their
booking systems. This could be a low tech solution, such as a
‘‘rule’’ that clinic bookings should be made as close as
possible to the CT scan and, when booking the CT scan
appointment, the appointment book for the clinic is also
consulted. Or it could be a more integrated technical solution
to address the same linkage. The issue here is to understand
the nature of the relationship and how it is currently
operating before creating new protocols. The process could
also be individualized: the special needs patient may prefer to
have the appointments on the same day because of stress and
travel or perhaps on separate days because of low energy
level. In such cases the relationship between the booking
agent (likely in the CT scan unit) and the patient’s family
would also need to be understood. If the booking agents saw
his or her role as one of facilitating the process of CT scan and
follow up clinic appointments to best suit the patient, the
booking agent could ‘‘override’’ the same day rule for
appointments and ask the patient or family whether they
preferred appointments on the same day or on subsequent
days. In order for these solutions to emerge, the frontline
staff—in this case, the booking agents—need to be under-
stood in situ. Why are they acting as they are? Are there
systemic barriers to coordination that could be addressed if
the relationships were better articulated and understood?

Application of complexity science may be enabled by other
innovative approaches. Incorporation of electronic health
records that can facilitate information exchange across the
spectrum of healthcare delivery offers further opportunity for
coordination of care.26 A strategy described for seriously
visually impaired children requiring multidisciplinary care
has been that of a ‘‘key worker’’—that is, a hospital based
individual designated to accompany the family at every
hospital visit and to be the first point of contact for any
questions the family might have.27 Such an individual could
facilitate coordination across numerous disciplines.

Table 2 Principles for managing complex adaptive
systems

Principle Operationalization Application to our example

Good enough
vision

Provide minimum
specifications rather than
planning every detail

Focus on patient and family
schedules (for example, CT
bookings should be as close
as possible to clinic visits)

Tune to the
edge

Foster the right degree
of information flow,
connectivity, diversity,
and difference instead of
controlling information
and forcing agreement

Foster relationships
between booking clerk and
families

Chunking Allow complex systems to
emerge out of the links
among systems that work
well and are capable of
operating independently

Reinforce the links that are
effective, such as interface
booking systems between
CT scan and clinic

Clockware/
swarmware

Balance data and intuition,
planning and acting,
safety and risk

Explore whether the parents
can do their own booking
online. If so, follow to see
what patterns emerge to
build upon

Paradox Uncover and use paradox
rather than avoiding it as
if it was unnatural

Ask questions that expose
the paradoxes. For
example, how can you
coordinate CT scans and
clinic visits when emergency
CT scans take precedent
over elective ones?

Adapted from Zimmerman et al.19

Key messages

N Complexity science offers a unique lens through which
to view coordination of patient care.

N Each of the basic principles of complexity science offers
an avenue for further research.

N Prospective studies are needed to understand the
complexity of care; an ethnographic approach would
be one way of defining current relationships, establish-
ing what works well and what are the existing
limitations.

N The innovative strategies that emerged could then be
further evaluated for local applicability and ultimate
generalizability.
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