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INVITED EXPERT OPINION
Sharing and learning through the Pediatric Cardiac
Critical Care Consortium: Moving toward precision care
Peter C. Laussen, MB, BS, FANZCA, FCICM. Infor-
mation networks, shared learning.

CENTRAL MESSAGE

The PC4 registry demonstrates
we can share, learn, and improve
outcomes in pediatric cardiac
critical care. Individualized pedi-
atric critical care is an aspiration
and achievable.

This Invited Expert Opinion provides a perspec-
tive on the following paper: J Am Coll Cardiol.
2019;74(22):2786-2795. https://doi.org/10.1016/j.
jacc.2019.09.046.

See Commentary on page XXX.
Peter C. Laussen, MB, BS, FANZCA, FCICM

Feature Editor’s Introduction—The most recent events of
the Coronavirus Disease 2019 pandemic have demon-
strated that we all live in a small world and we are all insep-
arably connected to each other. Sharing of medical
knowledge has no borders or national identity. The utmost
importance of medical collaboration has become increas-
ingly clear. The importance of such collaboration cannot
be overemphasized. A timely and topical Invited Expert
Opinion article written by one of the leading specialists in
Critical Care Medicine, Peter C. Laussen, is published in
the current issue of the Journal.Clearly, a Pediatric Cardiac
Critical Care Consortium is the type of collaboration that
we should all aspire to emulate.

Igor E. Konstantinov, MD, PhD, FRACS

The Severe Acute Respiratory Syndrome Coronovirus-2
pandemic causing Coronavirus Disease 2019 is dominating
all aspects of our professional and personal lives. We are
grateful for all of our colleagues across the world who are
confronting this illness head on, exposing themselves to
risk to save lives, and meeting extreme challenges from lim-
itations in equipment and staffing. Fortunately, the impact
of Severe Acute Respiratory Syndrome Coronavirus-2 in
the pediatric population has been much smaller than seen
in adults, but we remain mindful of the potential vulnera-
bility of patients with congenital heart disease, both to
infection and that many time-sensitive procedures have
been deferred.

The scale of the Coronavirus Disease 2019 illness has
challenged theway we have been organized as a broad med-
ical community, revealing the variability between regions,
the disparities in delivery that exist, and our lack of iterative
data that allows for meaningful prediction as well as reac-
tion. The challenges of managing the pandemic related to
variability in systems, resources, practices, and outcomes
are relevant to many fields of medicine, and although I
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understand we will not see a pandemic in congenital heart
disease, it is worthy of reflection in theway our field is orga-
nized and provides care. It is fair to state that in large part
the congenital heart disease community has become well
organized, with considerable efforts made to share and
even standardize practices. Our surgical colleagues have
led theway with the development of various national and in-
ternational registries, which have helped standardize
nomenclature and dictionaries, develop risk adjustment
tools, and collect case, volume, and outcome-specific data
for effective benchmarking, all of which have opened up
comparative reviews and new research in congenital cardiac
surgery.1-3 Similar efforts have expanded in other areas,
including pediatric cardiac catheterization,4 pediatric cardi-
ology (Pediatric Acute Care Cardiology Collaborative),5

cardiac anesthesia,6 and cardiac critical care (Pediatric
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Cardiac Critical Care Consortium [PC4]).7 These efforts
continue to evolve with increasing efforts to link databases
and integrate and involve parents and patients (such as
through the Cardiac Networks United).8

Besides providing a window into clinical activities and
some outcomes, do these activities change and improve
practice? Can they be a reliable benchmark against which
performance can be truly adjusted and measured? This is
important information for all stakeholders, of course, and
increasingly a requirement and mandate for the reporting
of institutional and center-related performance to govern-
ment agencies, insurance providers, and other organizations
that seek to rank programs (eg, U.S. News & World Report)
or ensure the provision of high-quality and safe care (eg,
The Leapfrog Group).9 To be effective, registries need to
be iterative and adaptive, and it is in this context that the
recent article describing the success of the PC4 is
reviewed.10

PEDIATRIC CARDIAC CRITICAL CARE
CONSORTIUM

PC4 is a quality improvement collaborative of now more
than 50 pediatric cardiac intensive care units (ICUs) across
North America. The goal of the registry has been to collect
data for timely reporting and to enable transparency and
learning between participating hospitals. Data at the time
of discharge are entered into a web-based reporting plat-
form, and there are the appropriate governance and audit
structures in place to ensure reliable data entry.11 Although
some automated data extraction is possible, sites generally
need to invest in personnel to abstract and enter data. This
cost can be a barrier at some centers; therefore, it is impor-
tant that improvements and the associated cost reductions
can be demonstrated to show the return on investment hos-
pital administrators like to see. Given the improvements
noted in the report of outcomes from the PC4 collaboration,
this should be an easy argument. Of course, whether or not a
hospital contributes to the PC4 registry as a metric for
ranking between hospitals and programs is also an impor-
tant driver for adoption.

The transparency of PC4 data is based on contributing
sites agreeing to be de-identified in the registry, but these
de-identified data are not freely available. It is not an
open-access site. Rather, an individual (clinical champion)
at each site has access to their site’s data and can compare
this data with all other contributing sites that are identified.
Other access is possible with permission, but only the site
data of interest are identified in this circumstance and all
other sites remain de-identified. Therefore, contributing
sites must have a well-established quality assurance process
and agree to use the data confidentially and internally to
drive improvement. The learning comes when sites are pre-
pared to share their data, to communicate and discuss why
centers are performing well, and compare management
2 The Journal of Thoracic and Cardiovascular Surger
strategies. Through this process, variation in practices can
be identified, but it is important to note that the registry
does not provide information as to cause.

The impact of PC4 was recently reported by Gaies and
colleagues,10 who analyzed the adjusted rates per pediatric
cardiac critical care admission or hospitalization for postop-
erative categoric outcome metrics of mortality and compli-
cations, and continuous metrics of length of stay and
duration of mechanical ventilation. Over the period of
August 2014 through June 2018, 18 hospitals (19,600 hos-
pital admissions) were included, with each having at least
30 months of data entered into the registry. Each hospital
had an initial “exposure” period of 2 years in the collabora-
tive to establish data accrual and a baseline for the primary
analysis, and a “postexposure” period ranging from 6 to
20 months. In doing so, the authors were able to account
for bias from secular trends or by including hospitals with
better outcomes over the time frame. To test for a potential
“Hawthorne effect” by joining the collaborative and im-
provements during the baseline exposure period, a trend
test by month during the first 2 years of participation was
performed. Their careful methodology enabled a more
robust assessment as towhether inclusion in the PC4 collab-
orative was actually associated with the improvement in
quality outcomes, as seems to have been the case.

The important findings were a significant reduction in (1)
postoperative mortality (�22% relative change from mean
2.7% to 2.1%); (2) in-hospital mortality (�24% relative
change from mean 3.3% to 2.5%); (3) major complications
(�12% relative change from mean 11.5% to 10.1%); (4)
cardiac intensive care length of stay (�5% relative change
from mean 7.7 days to 7.3 days); and (5) duration of me-
chanical ventilation (�13% relative change from mean
70.6 to 61.3 hours). These are all important improvements
and from the analysis can be attributed to a large extent sim-
ply through participation in the collaborative. The question
is why participation alone was sufficient, particularly
because it is not possible to ascribe any causal relationships
and there were no PC4-directed interventions. The early
adopters and collaborators may reflect already high-
performing centers with robust and iterative quality systems
in place, such as regular review of performance across their
program, that are self-critical and importantly possess a
questioning attitude and culture that can drive change and
adapt quickly. It will be important to continue to follow
sustained improvement in these areas as more hospitals
contribute data.

The PC4 data site is an interactive series of dashboards
for a range of iterative clinical and operational metrics.
The database does not tell a site what to do, but does high-
light areas that are problems as well as areas of success. It is
possible for a site to see where hot spots exist, how they
compare, and to sometimes be reassured that the problem
a particular site is facing is also a challenge at other sites.
y c - 2020
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We all like to think we have the right approach and systems
in place, practicing a certain way, and the value of PC4 is
that it allows sites to confront these notions, biases, and
comfort zones. Participation in PC4 means you can’t hide
from the comparative data, and if not doing well in some
areas, to reach out to those performing better. There is no
judgment, rather the main benefit would seem to be to drive
behaviors that lead to collaboration and improvement.

Of course, the PC4 registry is an important database for
research, and a number of reports have been generated.12-19

Gaies and colleagues10 did not demonstrate a change in
the frequency of cardiac arrest over the 18 sites in their
report, and this has spurred collaborative efforts to imple-
ment cardiac arrest prevention measures across the collabo-
rative; this is an excellent example of the learning
opportunities.

UNIQUE CHALLENGES
Patients with congenital heart disease pose unique chal-

lenges related to the breadth of complex cardiac malforma-
tions and associated pathophysiology. Pediatric cardiac
critical care as a subspecialty within the field of pediatric
intensive care arose because of these unique challenges,
and in parallel with the advances in surgical techniques,
catheter-based interventions, and medical strategies for
children with congenital and acquired heart disease. At
the core of the Heart Center model now used in many pedi-
atric cardiology and cardiac surgery programs was the
recognition that to improve outcomes, an interdisciplinary
approach to care was needed, developing consistent prac-
tices, transfer of information, and an understanding of the
approaches to management.

A recent study published in the Journal used the PC4 data
to further explore potential factors contributing to mortality
after congenital heart surgery.20 Typically, patient factors
including age, weight, prematurity, chromosomal anoma-
lies/syndromes, and risk category come out in models as
significant factors contributing to mortality. There is little
that is modifiable in these population- and patient-related
factors, other than perhaps controlling the time of delivery.
Surgery-related factors including experience, technical out-
comes, bypass and crossclamp times, and hospital factors
such as case volume are also often entered into models to
determine relationship with mortality. Some of these are
modifiable.

Using the statistical approach of partitioned variances,
Pasquali and colleagues20 were able to demonstrate from
PC4 data that the typical patient- and population-based fac-
tors included in congenital heart surgery risk models
explain only a small portion of total variation in mortality.
In other words, there are “unmeasured” factors and data
that we need to include in models. To make the next-level
improvement, it is essential to look at all aspects of patient
The Journal of Thoracic and C
management as well as surgical technical performance. The
question is, what are these variables?
MODIFIABLE RISK
We need to understand the contribution of our manage-

ment and decisions in pediatric cardiac critical care to pa-
tient outcome, harm, and mortality, and therefore the truly
modifiable risks in critical care practices. This is unknown
and very likely one of the “unmeasured” factors mentioned
earlier. The use of extracorporeal life support and renal
replacement therapy is associated with mortality risk after
congenital heart surgery, as is multisystem organ failure
and sepsis; these are all targets for improvement. Often it
is hard to define one specific event, and rather it is more
appropriate to look at the “dose” of care,” that is, the period
of exposure, such as the duration of time or frequency the pa-
tient was relatively hypotensive, had a low coronary perfu-
sion pressure, or had too much afterload, tachycardia, and
myocardial oxygen demand. It is important variables such
as these that become part of the institutional memory, that
a decision tree ormatrix is captured, so that the potential fac-
tors andmanagement options are understood and potentially
modified the next time a similar circumstance arises.
We manage individual patients, rather than just a popula-

tion of patients. As a simple yet important example,
knowing the physiologic phenotype, and in particular devel-
oping iterative targets or boundaries for physiologic signals,
is important. Currently, the “normal” range of a physiologic
signal is derived from standard nomograms, although it is
important to appreciate that these have been developed
from healthy children and may not apply at all to the pa-
tients we manage after cardiac surgery. The physiologic
phenotype will vary by age and weight, but also by diag-
nosis and procedure,21,22 by the treatments we deliver, by
clinician preference, and by time (ie, postoperative day 1
vs subsequent days). Therefore, it is important to under-
stand that the targets and boundaries for physiologic signals
are dynamic, and we should develop both population-based
and individual data to know what the targets for a physio-
logic variable should be for any point in time.
RESCUE AND PREDICT
We all measure certain events within our critical care

units to measure quality and safety, and usually as a reflec-
tion of overall performance. To understand performance,
however, we need to examine more closely our ability to
be predictive and prevent events. Indeed, we can rescue pa-
tients effectively in our ICUs; however, the “failure to
rescue” rate is not the only metric we should be measured
against. Our “failure to predict” is also an important perfor-
mance metric because it speaks to our judgment, but is
much harder to measure.
ardiovascular Surgery c Volume -, Number - 3
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Throughout a patient’s journey, we overlay a network of
guidelines, protocols, monitors, and devices, and yet our
decision-making often follows variable and different treat-
ment nodes. A reason for this may be because we are not
good at standardizing care, but I think this is too simplistic.
Rather, we are managing individual patients with variability
in biology and physiology, and we have to expect this and
adapt to uncertainty. Practice and decisions must be itera-
tive and flexible, and will therefore vary. What we don’t
dowell though is capture individual judgments and decision
making (why we chose to do, or not do, a certain action).

INDIVIDUALIZED CRITICAL CARE
Precision or individualized critical care means that we

tailor management to the patient, and it is based on multiple
and integrated data inputs. The PC4 database is an impor-
tant source of data in this regard because it provides prog-
nostic enrichment that focuses on the result or outcomes
of treatment.23 There is an important second component,
however, which is the predictive enrichment from data
that is based on the biological responses to illness and treat-
ment, and therefore their physiologic state.

It is noteworthy that predictive data analytics are used in
less than 20% of pediatric cardiac ICUs.24 In this era of
ubiquitous electronic healthcare records and emerging
methods for capturing high-frequency physiologic data,25

this is a deficiency. Time-series continuous physiologic
data generated from patients in the operating room, ICU,
and ward settings must be captured and stored permanently;
analysis will allow better understanding of physiologic
states and risks for an event within that state. Ideally, a
physiologic databank for predictive enrichment could be
established that complements the prognostic enrichment
available in the PC4 database.

An important component that is not captured in registries
is our macrocognitive processes, that is, the decisions we
make and the underlying processes driving these decisions.
This understanding would require various human factors
engineering experiments, such as cognitive task analysis.
In one study, for example, the primary macrocognitive pro-
cess used by pediatric critical care physicians centered
around sense making and understanding the problem(s),
while the primary macrocognitive process used by pediatric
critical care nurses in the same unit focused more on man-
aging complexity.26 How we make decisions is critical and
the subject of an expanding amount of research. Unfortu-
nately, there is no clear method to capture or evaluate
them (other than debriefing an adverse event or outcome
of a particular patient). We can try and infer decisions by
some of the changes that are found in the electronic health
record, such as when a drug was increased or decreased
in response to a hemodynamic change, when fluid was
administered, or how frequently laboratory tests are per-
formed, but these are imprecise.
4 The Journal of Thoracic and Cardiovascular Surger
CONCLUSIONS
Developing individualized pediatric critical care is an

aspiration and achievable. It starts with building robust,
relevant, and relatable prognostic enrichment databases,
such as PC4. The developers of PC4 are to be congratulated
on their vision and implementation. This platform can be
further enriched by integrating datasets, either centralized
or in a linked federated system. This will require a change
in mindset over data collection and consent, data architec-
ture and solving bottlenecks, data access and governance,
and ethical use and privacy, to name some of the challenges.
These can be overcome and should not be barriers. The PC4
registry demonstrates we can learn and improve through
data collection and participation. To understand the modifi-
able risks for patients, we need additional open-source data
to enable predictive enrichment, such as continuous physi-
ologic data, as well as the variable and dynamic decision-
making processes we use.
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The PC4 registry demonstrates we can share, learn, and improve outcomes in pediatric cardiac

critical care. Individualized pediatric critical care is an aspiration and achievable.
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