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ABSTRACT

Introduction: The heart team approach is now the standard of care for patients with complex coronary artery disease; however,
the definition of a heart team is variable. We embarked on a project to create an extended, multidisciplinary heart team to evalu-
ate patients we deemed high risk for coronary revascularization. In doing so, we created a new service, workflow, and paradigm.
Methods: Herein, we describe the process through which we created our high-risk percutaneous coronary intervention team, our
criteria for determining risk, our process for evaluating these patients, and quality assurance. Additionally, we describe the design
of our prospective study assessing 200 patients with complex coronary artery disease. The primary outcomes include the final
heart team revascularization decision, all-cause mortality, major adverse cardiac events, acute kidney injury, postintervention
bleeding, and length of stay.
Conclusion: Establishing a multidisciplinary heart team may help with complex and high-risk patient and family scenarios and
potentially improve patient outcomes. A study has been initiated to test this hypothesis formally.
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T
he heart team (HT) approach for patients with
complex coronary artery disease consists of a multi-
disciplinary model that provides individualized risk
assessment to optimize patient care. The HT

approach has been well described in the literature and is con-
sidered the standard of care in North American and
European guidelines.1–4 There is no uniform consensus on
what constitutes a HT, but the basic tenet consists of com-
munication and collaboration between an interventional car-
diologist and a cardiothoracic surgeon. However, with the
increasing complexity of pathology, sentiment has emerged
that the “traditional” HT is inadequate.5 Therefore, we

embarked on a hospital-wide approach to form a multidisci-
plinary HT consisting of noninvasive cardiology, interven-
tional cardiology, cardiothoracic surgery, pulmonary/critical
care, palliative care, and hospital medicine. Multiple risk pre-
diction models exist, based on anatomic and physiologic
data, for determination of which patients are “high risk” for
percutaneous revascularization.6,7 We developed our own
definition/criteria for “high-risk” patients who would be eval-
uated by the multidisciplinary HT.

In an effort to work toward continuous quality improve-
ment within our institution, we thoroughly reviewed our
data from the National Cardiovascular Data Registry
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(NCDR) database, and a potential area for improvement was
noted with regard to high-risk, complex patients requiring
percutaneous coronary intervention (PCI). Therefore, we
established a formal team for high-risk coronary revasculari-
zation known as the high-risk PCI (HRPCI) team.
Specifically, we involved multiple specialties to ensure that
PCI was in the best interest of the patient and that additional
comorbidities were optimally managed before and after
revascularization. We also established specific definitions of
high-risk patients, created a procedural workflow, and orga-
nized a monthly review of mortality and quality outcomes.
Herein we describe the process for assembling an HRPCI
team, collecting data, and evaluating prospective outcomes to
determine the clinical impact of the HRPCI team.

METHODS
High-risk PCI service

The HRPCI service consists of an interventional cardiol-
ogy attending, a general cardiology fellow, and an advanced
practice provider who also manages the service administra-
tively. Occasionally, residents and medical students also join
the service. The HRPCI attendings must be approved for the
role by senior cardiology and surgery leadership, who evalu-
ate multiple aspects of the physician’s qualifications, includ-
ing time in practice, number and complexity of cases, and
overall outcomes. There is a clear definition of patients to be
followed by the HRPCI service, which is described in more
detail below. The HRPCI service follows patients in addition
to their primary cardiologist and serves as a “safety net” for
patients. Patients are followed from the time of initial con-
sultation until discharge from the hospital, including on
weekends.

The HRPCI physician is available 24/7 for consultation
or procedural backup. If a patient meets any of the criteria
listed below, the HRPCI service is consulted. In the setting
of an ST-segment elevation myocardial infarction (STEMI),
the HRPCI is available for second opinions prior to the pro-
cedure if needed. However, our institution has a STEMI-spe-
cific interventional cardiologist on call. Therefore,
interventions may proceed in a timely manner even if the
HRPCI physician is not consulted beforehand. However, all
STEMI patients are followed by the HRPCI team for the
duration of their inpatient stay. The HRPCI attendings are
able to schedule outpatient cases as their schedule allows,
with the understanding they will be available for HRPCI
consults as needed. In our experience, the HRPCI attending
usually completes two to three outpatient cases per day dur-
ing their on-call week. If an urgent HRPCI consult is
required, the outpatient cases may be delayed.

Additional team members
In addition to the HRPCI service described above, the

multidisciplinary HRPCI team includes colleagues from hos-
pital medicine, supportive and palliative care, pulmonary and
critical care medicine, and cardiothoracic surgery. These

teams are consulted for patients on the HRPCI service, as
needed. Additional subspecialties such as advanced heart fail-
ure, advanced cardiac imaging, nephrology, hematology/
oncology, etc. are also consulted on an as-needed basis
depending on the patient’s comorbidities and clinical status.
Before the patient undergoes PCI, all specialties consulted as
part of the HRPCI team are asked for their input, and the
case is discussed on an ad hoc conference call. All recommen-
dations from each respective team are documented in the
patient record in a consult or progress note, as appropriate.
The HRPCI interventional cardiologist is responsible for ver-
bally communicating the HRPCI team’s final recommenda-
tions directly to the primary team. It is important to note
that the HRPCI team serves to provide recommendations to
the primary team and does not supersede the primary
cardiologist.

The supportive and palliative care service is an essential
component in our HRPCI discussions. The patient’s per-
sonal wishes and goals are explored, family support is
assessed, and limits of care are established. The risks and
benefits of the procedure can then be explained in a way that
is consistent with the patient’s wishes (and compatible with
his or her social situation). In the event that the procedure
turns out poorly for the patient, early involvement of sup-
portive and palliative care ensures that the patient’s wishes
are respected. In extremely high risk cases, this approach
allows for a smooth transition to hospice care if the proce-
dural goal cannot be met.

In a similar manner, pulmonary and critical care medi-
cine is consulted early for periprocedural critical care man-
agement. For patients who are at risk for respiratory failure,
early involvement of pulmonary and critical care specialists
allows for prospective airway management and ventilator lib-
eration strategies (including early tracheostomy).

“High risk” inclusion criteria
There are formal criteria for a patient to be placed on the

HRPCI service, although any patient can be followed by the
service after consultation with the HRPCI attending physi-
cian. The following types of patients are automatically added
to the service:

� All inpatients undergoing heart catheterization with a
calculated NCDR risk score of �55 (portending �5%
mortality). This is calculated by the primary cardiologist.
All inpatients are required to have a calculated NCDR
risk score on the chart prior to being moved to the cath-
eterization lab table. The first iteration, as shown in
Figure 1, includes only the NCDR risk score. To curtail
bleeding events and acute kidney injury following the
procedures, bleeding and acute kidney injury risk scores
have also been incorporated (Figures 2 and 3). These
patients require a second opinion consultation with the
HRPCI attending physician and are not moved to the
catheterization lab until this has been completed.

� All patients who present with STEMI.
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Figure 1. National Cardiovascular Data Registry PCI risk scoring form. Scores �55 portend a mortality of >5%, prompting the need for a second opinion
from the high-risk PCI attending physician.

Figure 2. Acute kidney injury risk score and maximum allowable contrast dose calculation. Patients at intermediate or high risk for acute kidney injury are
encouraged to be treated with the additional measures outlined. These patients are also encouraged to have early nephrology consultation if any acute kidney
injury concerns arise.
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� All patients with unstable angina, non–ST-segment ele-
vation myocardial infarction (NSTEMI), or elective PCI
who stay more than 1 night after PCI.

� All patients in cardiogenic shock who are being consid-
ered for revascularization. These patients are also fol-
lowed by the advanced heart failure service.

� All patients who are turned down for surgical revasculari-
zation, regardless of the reason.

� All patients who undergo, or are being considered for,
PCI with hemodynamic support devices.

� Discretion of the primary cardiologist (difficult or high-risk
coronary anatomy, need for assistance on a difficult case,
challenging decision making prior to intervention, etc.).

� Patients without a complex chronic total occlusion, as
these cases are managed at our center by operators dedi-
cated to chronic total occlusion PCI.

HRPCI team meetings
When patients followed by the HRPCI service are sched-

uled for revascularization, their case is discussed early in the
morning of their procedure. This discussion takes place
either in person or via a teleconference. All available HRPCI
attending physicians also participate. This meeting ensures
that all members of the HRPCI team are aware of the
planned procedure, all appropriate preprocedural planning
has been completed, all input has been considered, and a
bail-out strategy has been discussed. In the event of an
urgent revascularization, an ad hoc meeting is held at any
time of day or night.

Ad hoc meetings
Frequently, we have patients for whom a HRPCI consult

is requested urgently or emergently. In such situations, the
HRPCI team is assembled on an ad hoc basis. The appropri-
ate films are sent to the team via secure communication, and
a real-time video conference call is initiated. All available
HRPCI attending physicians and the appropriate consultants
join the call, day or night. As such, even in emergent situa-
tions, the appropriate teams are intimately aware of high-risk
revascularization plans and are available for immediate assis-
tance. Films are shared on Health Insurance Portability and

Accountability Act–secure file-sharing platforms, and the
team converses via secure platform, such as Microsoft Teams
(Microsoft, Redmond, WA, US).

High-risk interventions
At any time, interventional cardiologists may request

HRPCI operator double scrub to ensure that adequate
backup is in place or to assist with a difficult case. The inter-
vention plan is discussed by the operators and catheterization
lab staff prior to the procedure. The cardiothoracic surgeon
and pulmonary/critical care physician are kept updated on
the status of the PCI. Mechanical circulatory support inser-
tion kits/device consoles, covered stents, an ultrasound
machine (with vascular access and cardiac probes), and other
appropriate bailout devices are kept in the room.

STEMI physicians
Our institution has a complement of approximately 20

highly skilled, complex interventionalists who take STEMI
call. Every quarter, a mandatory meeting is held for all physi-
cians with STEMI privileges. At this meeting, overall and
individual operator statistics, including outliers, delays of care,
outcomes, etc., are reviewed. Subsequent process improve-
ments are then made. This meeting is not a peer-review ses-
sion; those meetings are conducted separately and in private.

Phase of care mortality assessment
All mortalities are reviewed at a monthly phase of care

mortality assessment meeting. The purpose of this session is
to identify the phase of care where the causative factor for
the death occurred. Subsequently, process improvements are
explored to correct preventable measures for the future.

Study design and statistical considerations for assessing HRPCI
team impact

We aim to conduct an institution-wide, prospective anal-
ysis regarding the HRPCI team to quantitatively describe its
impact. We hypothesize that addition of the HRPCI team
will improve all-cause mortality and risk of major adverse
cardiac events following intervention. Approximately 200

Figure 3. Bleeding risk score. Patients with a moderate or high risk of periprocedural bleeding are closely monitored after the procedure, especially if femoral
access was used. In these patients, a “radial first” strategy is preferred.
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patients will be prospectively studied. All patients who meet
the above inclusion criteria will be included in the data anal-
ysis. An institutional review board–approved protocol will be
used. The following data will be collected:

� Demographic information: age, sex, weight, height
� Clinical presentation: Unstable angina, NSTEMI,

STEMI, elective outpatient, transfer, cardiogenic shock
� NCDR risk score
� SYNTAX I and II scores
� Comorbidities, including diabetes mellitus, hypertension,

hyperlipidemia, smoking, heart failure class, left ventricu-
lar ejection fraction, creatinine clearance, dialysis, aspar-
tate transaminase, alanine transaminase, international
normalized ratio, albumin, hemoglobin, platelets

� Surgical turndown reason
� Prior physical activity/current frailty index as docu-

mented on admission by nursing staff
� Family support assessed by palliative care

Categorical variables will be reported as percentages and
compared using ANOVA and/or the Student t test as war-
ranted. Continuous variables will be reported as mean ± stan-
dard deviation and compared using chi-square analysis.

Primary endpoints will include the final HT revasculariza-
tion decision (PCI vs surgery vs medical therapy vs palliation),
all-cause mortality, major adverse cardiovascular events (a
composite of cardiovascular death, myocardial infarction,
stroke, and repeat revascularization), acute kidney injury, post-
PCI bleeding, and length of stay. Kaplan-Meier analysis will
be performed for 30-day, 6-month, and 1-year outcomes.

Variables will be analyzed using multivariate regression to
identify predictive trends/risk factors. A standard significance
value of 0.05 will be utilized.

Patients that do not receive intervention (surgical or
PCI) will be added to a registry and their outcomes followed.

DISCUSSION
Our approach to the coronary revascularization HT is

unique in its formal structure, the addition of an HRPCI
team, flexible (and frequent) team meetings/discussions, and
integration of additional specialties. Despite its numerous
members, the team can be quickly assembled for ad hoc meet-
ings. All appropriate specialists can give their input prior to
procedures to avoid unforeseen, preventable complications.
Bail-out strategies are discussed and planned. Early supportive
and palliative care involvement allows for prospective defini-
tion of the patient’s social status, family support, and goals of
care. If necessary, early transition to hospice can be accom-
plished. Moreover, this hospital-wide collaboration helps
patients better understand the overall risks associated with
their PCI and maximizes physician engagement to deliver on
the promise of clinical transformation.

By utilizing this multidisciplinary team-based approach,
we have retrospectively shown an improvement in our PCI
mortalities.8 Based on this evidence, we have developed the
presently described prospective analysis, which will offer the

opportunity for a more complete description of the impact
of a dedicated HRPCI team, including prospective data col-
lection as well as comparison of endpoints such as major
adverse cardiac events, acute kidney injury, postintervention
bleeding, and length of stay.

This study is subject to limitations. Most notably, the
HRPCI structure varies significantly by hospital and is
dependent upon factors such as available providers, imaging
and laboratory capabilities, and potential treatments offered
at a given institution. For example, a critical component of
this structure is the presence of high-volume interventional-
ists who are able to dedicate a significant portion of their
practice to high-risk candidates. Therefore, it is conceivable
that the HRPCI structure herein described may not be viable
at all institutions, particularly those with lower volumes or
without dedicated HRPCI interventionalists.

In conclusion, we describe the implementation of a high-
risk HT for the purpose of improving outcomes among
patients at high risk for coronary revascularization. We have
retrospectively shown improved PCI mortalities and are in the
process of collecting prospective data to further evaluate the
impact of a HRPCI team in our institution. Until prospective
data is available, we hope to provoke thoughts, discussions,
and provide a template for establishing a truly multidiscipli-
nary HT. We hope that the structure outlined in this report
may serve as a framework for other institutions interested in
developing a similar HRPCI consultation service.
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