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Methods and

The CCCTN was founded in 2017 with 16 centres and has grown to a research network of over 40 academic and
clinical centres in the United States and Canada. Each centre enters data for consecutive cardiac intensive care unit

(CICU) admissions for at least 2 months of each calendar year. More than 20 000 unique CICU admissions are now
included in the CCCTN Registry. To date, scientific observations from the CCCTN Registry include description of

variations in care, the epidemiology and outcomes of all CICU patients, as well as subsets of patients with specific
disease states, such as shock, heart failure, renal dysfunction, and respiratory failure. The CCCTN has also characterised

utilization patterns, including use of mechanical circulatory support in response to changes in the heart transplantation
allocation system, and the use and impact of multidisciplinary shock teams. Over years of multicentre collaboration, the
CCCTN has established a robust research network to facilitate multicentre registry-based randomised trials in patients

The CCCTN s a large, prospective registry dedicated to describing processes-of-care and expanding clinical knowledge in

cardiac critical illness. The CCCTN will serve as an investigational platform from which to conduct randomised controlled

results

with cardiac critical illness.
Conclusion

trials in this important patient population.
Keywords Cardiac ICU'® Critical care ® Epidemiology ® Cohort
Introduction

A dedicated coronary care unit (CCU) was initially designed to care
for patients after acute myocardial infarction to facilitate early defibril-
lation of ventricular arrythmias." Subsequently, acute care cardiology
focused intensive care units have evolved from largely disease-specific
units into comprehensive cardiovascular intensive care units (CICUs).
These ‘CICUs’ provide care for a diverse patient population with
a high burden of acute and chronic comorbidities and multisystem
organ failure in addition to primary critical cardiac illness." Care of
patients with critical cardiac illness has become increasingly important
because of the escalating burden of critical iliness among patients with
cardiac disease. Among patients with chronic cardiovascular disease,
a large and growing proportion require Intensive care unit (ICU) care
including mechanical circulatory support,? advanced respiratory ther-
apies®“ and renal replacement therapy.® Therefore, understanding the
epidemiology, processes of care, quality benchmarking, and outcomes
of CICU patients is important to improve cardiovascular care. There
are several knowledge gaps impeding further progress in the field.
First, the available evidence largely consists of CICU cohorts from
single academic centres® and retrospective cohort studies using ad-
ministrative and claims data.*”-8 Data from multicentre, prospective
cohorts with pre-specified and validated exposures and outcomes
would provide more robust epidemiologic data. Second, there is a lack
of evidence from randomised controlled trials in care of this patient
population. Consequently, many of the best practices to treat critically
ill patients admitted to CICUs have been extrapolated from general
medical or surgical ICU studies.” "

Aim

The aims of the Critical Care Cardiology Trials Network (CCCTN)
include (1) the development of a registry to investigate the epi-
demiology of cardiac critical illness, including processes-of-care, risk
prediction, description of associated outcomes, and quality bench-
marking, and (2) establishing a multicentre research network to
conduct randomised clinical trials to improve the care of patients with
cardiac critical illness.

Funding

The Thrombolysis in Myocardial Infarction (TIMI) Study Group,"
funds database hosting, data management, case report form devel-
opment and maintenance,'>"3 and statistical support, and leads the

Critical Care Cardiology Trials Network
(CCCTN)

TIMI study group
Executive committee " Steering committee
Analytics and data management
A

Data for all CICU
admissions for at least 2
months per year

Quality reports
Scientific reports

Network Network

Member Center Member Center

Figure | Schematic of the Cardiology Critical Care Trials Net-
work.

Executive and Steering Committees (Figure 7). At each participating
site, local site investigators leverage internal resources and/or obtain
funding through grants or philanthropy in order to facilitate data
entry, respond to data queries, lead scientific projects, and implement
quality improvement initiatives. Randomised trials are anticipated to
be funded by an array of mechanisms including national organizations,
government funders, specialty organizations, and industry to enable
the conduct of pragmatic trials embedded in routine care.

Quality of care interventions

Improving the care of CICU patients is at the core of the CCCTN mis-
sion. Such improvement involves avoiding ICU complications,™ some
of which are unique to CICU patients, and ensuring clinical excellence.
Knowledge gaps in this area include a lack of CICU-specific bench-
marks.!> To improve the quality of CICU care at member centres,
the CCCTN has developed a quarterly quality report delivered to
all participating centres. The report was developed using quantitative
and qualitative surveys of member centres to identify the data points
most relevant to practice. The report provides individual sites with
their own summary data with reference to aggregate data across the
network. (i.e. benchmarking).
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(A) Geography of CCCTN sites with relative volume of data contributed
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Figure 2 (A) Geography of Cardiology Critical Care Trials Network sites with relative volume of data contributed; (B) Cumulative number of

patients entered in Cardiology Critical Care Trials Network over time.

General data provided include CICU admission and discharge
volume, length of stay, and mortality, as well as the severity of illness
summarised using the Sequential Organ Failure Assessment (SOFA)
score.'® Process-of-care metrics include utilization of temporary
mechanical circulatory support, respiratory support, pulmonary
artery catheterisation and other invasive haemodynamic monitoring,
vasopressors, and renal replacement therapy. Stratified data are
provided for clinically important subgroups such as cardiogenic
shock, acute coronary syndrome, heart failure, and patients
receiving advanced ICU therapies such as mechanical ventilation
and mechanical circulatory support and targeted temperature
management. Site-specific data are compared with network-wide
benchmarks stratified by SOFA score and Society for Cardiovascular
Angiography and Interventions (SCAI) stage.'"'® The report is
assessed semi-annually at CCCTN investigator meetings of all site
principal investigators. It is planned that the quality report will evolve
in response to CCCTN member needs and facilitates the design and
implementation of prospective quality improvement projects.

Setting

The CCCTN was initiated in 2017 in response to the knowledge
gaps detailed previously. The initial CCCTN was comprised of 16
CICUs in the United States and Canada.'® The founding centres were
referral centres, self-identified as ‘Level 1 CICUs"' ,capable of providing
comprehensive cardiac care. These founding centres were selected
based on outreach, track record of investigator collaboration, feasi-
bility to provide high volumes of high quality data and self-identified
scientific interest. Since 2017, the Network has expanded to over
40 academic and clinical centers.?® Candidate centres complete a site
survey that assesses their CICU structure, research experience, and
infrastructure to support the registry. At its inception, the registry
began by invitation targeted to centres with high-intensity staffing
models and dedicated CICU leadership. As the registry has expanded,
most new centres are added through their expression of interest and
assessment of their potential for sustained commitment to reliable
data capture in the registry. A geographic map of centres with relative
volume contributed is displayed in Figure 2, panel A. To increase gen-
eralisability both geographically and regarding mixtures of academic

and non-academic sites, targeted site recruitment was undertaken in
subsequent years.

Population, start points, and consent

The study population of the CCCTN includes consecutive patients ad-
mitted to the CICU at each centre over a minimum of 2 months dur-
ing each annual collection cycle. Sites can elect to contribute data year-
round for all patients admitted to the CICU or for the subgroup of
patients with shock. Study entry is at the time of arrival to the CCCTN
hospital, via the emergency department, catheterisation lab, hospital
ward or direct admission to CICU from inter-hospital transfer. Pa-
tients exit the study at time of in-hospital death or hospital discharge.
The Institutional Review Board (IRB) at each participating institution
provides study approval; given that no intervention is instituted in the
registry and that no protected health information is included in the
dataset, waiver of informed consent is granted at each participating
centre. For future randomised trials, IRB approval of the individual trial
protocols with appropriate consent procedures will be sought.

Baseline and follow-up data

Data on clinical presentation, demographics, laboratory data and
haemodynamics, ICU care provided, as well as granular details related
to various forms of shock, cardiac arrest, mechanical circulatory sup-
port, mechanical ventilation, respiratory support, and outcomes are
recorded for each patient. Data collected are summarised in Table 1
and includes admission and demographic data, indication(s) for CICU
admission, comorbidities, organ failure data, laboratory data, granular
data on CICU care and CICU and hospital disposition, and vital status.
As of this writing, >20 000 CICU patients are included in the registry
database (Figure 2, panel B).

Data capture and storage

A standardised Case Report Form (CRF) with branching logic and
decision support was designed, tested, and implemented using the
REDCap platform.” Data do not include any protected health in-
formation, and dates are scaled to relative dates based on arrival
to the CICU as study time 0. All data are housed securely at the
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Table | Categories of data included in CCCTN for each CICU admission
Category Data description
Presentation ICU and hospital admission time, source of hospital admission (e.g. ED, referring hospital)

Demographics Age, sex, race, weight, height
Primary diagnosis

Past medical history

Cardiac arrest

Shock

ICU therapeutics

Mechanical circulatory support
Advanced respiratory support
Laboratory evaluation

SOFA score

Discharge

Selected admission and follow-up lab data

Clinical diagnosis and indication for ICU admission

Cardiovascular and non-cardiovascular comorbidities

Details as to type of cardiac arrest, clinical data, use of targeted temperature management

Shock type, stage, etiology, clinical management, use of vasopressors, invasive haemodynamics, and mechanical support
ICU specific therapies used during the CICU stay, e.g. advanced respiratory support, renal replacement therapy
Clinical use, sequence of devices, timing, and complications

Clinical use, timing, type of respiratory support, etiology of respiratory failure and outcomes

Components and summary SOFA score to assess severity of illness
Timing of ICU and hospital discharge, vital status, and discharge disposition

analytic centre of the TIMI Study Group at Brigham and Women's
Hospital. The CRF is re-evaluated each annual cycle and updated to
add new modules requested by consensus of the investigators and
retire modules deemed of diminished scientific value and/or usefulness
for quality improvement.

Data quality

Data quality is assured by automated decision support embedded in
the REDCap database, structured validation rules, query resolution
with the local critical care cardiologist and CICU directors as needed,
and individual centralised case review by random selection with es-
calation to 100% review of a site’s cases if quality concerns arise. A
minimum of 20% of cases are randomly selected for review. 100% of
cases are centrally reviewed for new centres in the network, or where
there are staffing changes from the previous year. In 2021, the central
team reviewed an average of 70% of the cases. There is also education
for all site personnel, including a codebook of variable definitions,
standardised in-person and video training for all investigators and
asynchronous practice in a ‘playground’ for simulated data entry. The
mean number of data queries per patient is 0.3 with a range of
0.15-1.79 queries per patient across sites.

Access to data

Access to the analyses occurs through a collaborative process be-
tween the study Executive Committee and site investigators who are
encouraged to submit proposals; the analyses are prioritised based on
scientific impact, feasibility, and collective interest.

Conclusions

The published scientific findings to date from CCCTN are displayed
in Table 2. These include descriptions of utilisation patterns, epidemi-
ology, indications for ICU level care and treatments, and outcomes of
all CICU patients'® as well as patients with specific disease states, in-
cluding shock and heart failure,'®2'-23 renal dysfunction,* respiratory
failure,2> and COVID-19.26 CCCTN has characterised the CICU use
of palliative care?® and mechanical support overall?' and in response
to changes in the heart transplantation allocation system,?” and the
impact of multidisciplinary shock teams in shock care and outcomes.?®
Finally, CCCTN has investigated novel risk prediction scores.?’

The CCCTN Registry is currently in its fifth year of enrollment
and is expanding with additional centres. The CCCTN is amongst
the largest and most detailed multicentre registries in cardiac critical

illness, and is based on individual clinical case review rather than
administrative data. Future goals include incorporation of a biorepos-
itory for stored specimens, enabling deeper phenotyping and risk
assessment beyond clinical data alone as well as incorporation of
longer term follow-up to ascertain outcomes beyond the date of hos-
pital discharge, which would require new infrastructure and funding
sources. Infrastructure innovations for enhanced interoperability with
other datasets and automated data collection using the electronic
medical record are underway. The quality and benchmarking missions
of the CCCTN will continue to expand with more detailed quality
reports to member centres. Finally, the future mission of the CCCTN
includes the execution of randomised clinical trials and qualitative
research leveraging the robust investigational infrastructure and site
network developed over the past 5 years.

In conclusion, the CCCTN Registry is a cardiac critical care registry
dedicated to improving the care and expanding clinical science for
patients with cardiac critical illness. The CCCTN Registry already has
contributed significantly to CICU care through scientific findings and
quality initiatives. The CCCTN aims to provide impactful investiga-
tional infrastructure to conduct randomised controlled trials in this
important patient population.
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Table 2 Scientific findings from the CCCTN

Manuscript

Epidemiology of shock in Contemporary Cardiac Intensive Care Units??

Demographics, care patterns, and outcomes of patients admitted to
Cardiac Intensive Care Units'?

Clinical practice patterns in temporary mechanical circulatory support
for shock?'

Incidence, underlying conditions, and outcomes of patients receiving
acute renal replacement therapies in the CICU?*

Use of temporary mechanical circulatory support for management of
cardiogenic shock before and after the UNOS donor heart allocation
system changes?’

Advanced respiratory support in the Contemporary Cardiac ICU%

The range of cardiogenic shock survival by clinical stage'®
Management and outcomes of cardiogenic shock in cardiac ICUs with
vs. without shock teams?®

De novo vs. acute-on-chronic presentations of heart failure-related
cardiogenic shock??

End-of-life care in the cardiac intensive care unit2°

Epidemiology of acute heart failure in critically ill patients with
COVID-19%

A pragmatic lab-based tool for risk assessment in cardiac critical care?

Main findings

Profiles of shock in contemporary CICU’s are diverse. Cardiogenic
shock (CS) related to acute myocardial infarction now represents
only one-third of all CS cases, whereas many CS cases occur in
the context of advanced heart failure.

Respiratory failure and shock are the most common indications for
CICU admission, and an important minority of CICU admissions
are solely for observation and monitoring.

There is substantial hospital-level variation in use of temporary
mechanical circulatory support for shock in the contemporary
CICU, not fully explained by disease severity.

Requirement for renal replacement therapy in the CICU is
associated with >40% in-hospital mortality.

Subsequent to changes in the UNOS donor heart allocation
system, use of mechanical circulatory support increased in
transplant center CICUs but not in other CICUs.

One-third of CICU admissions require respiratory support for a
diverse array of underlying causes; such patients are at high risk
of adverse outcomes including re-intubation, CICU readmission,
and death.

There is a stepwise gradient of survival across SCAIl shock stages in
the contemporary CICU, with implications for shock
phenotyping, quality benchmarking, and randomised trial design.

CICUs that utilize multidisciplinary shock teams were more likely to
use invasive haemodynamic monitoring and advanced mechanical
support, and had lower ICU mortality for shock patients.

Patients with de novo heart failure-related cardiogenic shock had
more severe presentations and worse outcomes than those with
cardiogenic shock due to acute-on-chronic heart failure.

In the contemporary CICU, two-thirds of deaths were preceded by
comfort measures; however, utilization of palliative care services
was infrequent.

Of COVID-19 ICU admissions, 9% manifest acute heart failure and
such patients have more myocardial injury and greater elevation
in biomarkers of haemodynamic stress.

A risk score based on lab markers accurately stratifies CICU
mortality risk.
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