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Background: Because of the COVID-19 pandemic, cath labs have had tomodify their workflow for elective and ur-
gent patients.
Methods: We surveyed 16 physicians across 3 hospitals in our healthcare system to address COVID-19 related
concerns in the management of interventional and structural heart disease patients, and to formulate system
wide criteria for deferring cases till after the pandemic.
Results: Our survey yielded common concerns centered on the need to protect patients, cath lab staff and physi-
cians fromunnecessary exposure to COVID-19; for COVID-19 testing prior to arrival to the cath lab; for clear com-
munication between the referring physician and the interventionalist; but there was initial uncertainty among
physicians regarding the optimal management of ST elevation myocardial infarction (STEMI; percutaneous cor-
onary intervention versus thrombolytics). Patients with stable angina and hemodynamically stable acute coro-
nary syndromes were deemed suitable for initial medical management, except when they had large ischemic
burden. Most transcatheter aortic valve implantations (TAVI) were felt appropriate for postponement except
in symptomatic patients with aortic valve area b0.5 cm2 or recent hospitalization for heart failure (HF). Most per-
cutaneous mitral valve repair (pMVR) procedures were felt appropriate for postponement except in patients
with HF. All left atrial appendage closure (LAAC) and patent foramen ovale (PFO)/atrial septal defect (ASD) clo-
sure procedures were felt appropriate for postponement.
Conclusion: Our survey of an experienced team of clinicians yielded concise guidelines to direct themanagement
of CAD and structural heart disease patients during the initial phases of the COVID-19 pandemic.

© 2020 Elsevier Inc. All rights reserved.
In light of the recent COVID-19 pandemic, professional societies
have released broad guidelines for the management of cath lab pa-
tients during the pandemic [1,2]. Initial guidelines focused largely
on coronary interventions and do not address the care of patients
who require structural heart interventions (e.g. TAVI, pMVR, LAAC,
PFO/ASD closure). Further, it is unclear whether physicians uni-
formly agree with professional society guidelines and significant
questions remain unanswered. For example, which elective coronary
and structural heart interventions may be deferred till after the pan-
demic? How should we best manage STEMI: with PCI or
inger Commonwealth School of
n, Geisinger Northeast, Wilkes-
thrombolytics? When should personal protective equipment (PPE)
be worn during a procedure? We surveyed interventional cardiolo-
gists, cardiac surgeons and imaging cardiologists in our
multispecialty group to answer these questions. The purpose of this
exercise was to create a framework that can serve as a ready refer-
ence for cath labs during the early phase of this pandemic, that en-
compasses not only coronary but also structural interventions, that
prioritizes care to unstable patients without unnecessarily exposing
stable patients to COVID-19 infection, that provides protection to
hospital staff and cardiologists and respects the resource constraints
our healthcare systems face.

1. Methods

Across our multi-hospital healthcare delivery system, we sur-
veyed 16 physicians [9 interventional cardiologists (IC, including 4
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structural IC), an electrophysiologist experienced in left atrial ap-
pendage closure (LAAC), 2 imaging cardiologists and 4 cardiac sur-
geons] at 3 hospitals in Central and Northeastern Pennsylvania to
delineate specific criteria to guide management of patients with
coronary artery disease (CAD) and structural heart diseases [severe
aortic stenosis (AS), mitral regurgitation (MR), atrial fibrillation
with poor candidacy for oral anticoagulation (OAC), and patent
foramen ovale (PFO)] and atrial septal defect (ASD)]. Using email
communication, online questionnaire and conference calls, we con-
ducted 2 separate surveys, one for CAD scenarios and 1 for structural
heart interventions.
1.1. CAD

After an initial round of emails to explore common concerns, an
electronic survey was conducted of 8 interventional cardiologists
(IC) to delineate optimum treatment strategies for STEMI patients,
focusing on the use of thrombolytics versus PCI, the need for
COVID testing prior to cath lab arrival and use of PPE for cath lab
staff and IC. Subsequently, we held a telephone conference call
with all ICs in attendance to formalize system wide guidelines for
each of the common CAD scenarios (STEMI, hemodynamically
Fig. 1. Electronic survey responses of 8 interventional cardiologists to questions regarding ma
COVID-19 pandemic.
unstable acute coronary syndrome (ACS), hemodynamically stable
ACS, or stable angina). We classified patients into 4 categories
based on their COVID status: ‘COVID+ and intubated’, ‘COVID+
but not intubated’, ‘Person Under Investigation’ (PUI, defined as re-
cent fever, upper respiratory symptoms or travel within 14 days to
CDC level 2–4 area, or exposure to a confirmed case or cluster of
suspected cases), and ‘Healthy’ (defined as COVID- and not PUI).
We posed the following specific questions: 1. Which patients with
unknown COVID status should be tested for COVID using rapid
point-of-care (POC) testing prior to arrival to the cath lab? 2.
When should physicians and cath lab staff wear personal protective
equipment (PPE)? 3. For STEMI, which patients, if any, should be
considered for thrombolytic therapy? 4. For ACS patients, when
should we consider invasive versus conservative management? 5.
Which patients with stable CAD should undergo coronary angiogra-
phy and possible PCI?
1.2. Structural heart interventions

For 4 separate procedures (TAVR, LAAC, percutaneous mitral valve
repair (MVR), PFO/ASD closure), an initial set of suggestions about
pre-operative work-up, intervention and post-procedure follow-up
nagement of STEMI and use of personal protective equipment in the cath lab during the
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was sent by email to 4 structural ICs, 4 cardiac surgeons, 1 Electrophys-
iologist and 2 imaging cardiologists for their input. The initial proposal
was modified and approved for use by the structural teams across our
health care system.
2. Results

Our survey yielded some common responses. 1. Clear communi-
cation between the referring physician and interventional cardiolo-
gist is necessary for all patients sent to the cath lab so that the
urgency of the procedure is established. In STEMI cases, this will
usually involve the Emergency Department physician and IC. In
other instances, this will usually involve the referring cardiologist
or critical care medicine attending and the IC. 2. COVID status should
be determined for elective patients coming to the cath lab if they
meet PUI screening criteria. 3. The IC and Cath lab staff should don
PPE (gown, N-95 mask, face shield; or powered air-purifying respi-
rator) for all COVID+ patients and PUI. 4. In COVID+ or PUI patients
with STEMI, a lower threshold should be used for endotracheal intu-
bation before arrival to the cath lab to avoid aerosolization from
coughing during the procedure.
2.1. Electronic survey (Fig. 1A–E)

With regards to care of the STEMI patient, there was initial uncer-
tainty in the surveyed group about use of PCI (versus lytics). For
COVID+ patients, 4/8 ICs felt we should continue to use primary
PCI for all STEMI cases, while 4/8 voted to use lytics for some
STEMI cases (Fig. 1A). For PUI patients presenting with STEMI, 5/8
ICs did not approve the use of lytics and 3/8 ICs were ‘unsure’
(Fig. 1B). None of the ICs felt that we should use lytic therapy for
all STEMI patients during the pandemic (Fig. 1C). If lytic therapy
was used, 6/8 ICs felt that urgent or emergent coronary angiography
should be performed if there was evidence of lytic failure (Fig. 1D).
Regarding the use of PPE, most agreed that the interventional team
use PPE for COVID+ and PUI+ patients, while a minority (2/8 ICs)
felt that the interventional team use PPE for all STEMI cases during
the pandemic (Fig. 1E).
2.2. Teleconference

The pros and cons of primary PCI versus lytics were discussed at
the teleconference, with emphasis on randomized trials showing
significant improvement in outcomes with primary PCI3. Following
telephone discussion, our group preferred PCI (over lytics) for
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STEMI and invasive management (over conservative therapy) for
hemodynamically unstable ACS. Whereas, for stable angina and he-
modynamically stable ACS, our group preferred conservative man-
agement except when patients had rest angina or large ischemic
burden. Specific treatment modalities preferred by our surveyed IC
are shown in Table 1.

2.3. Structural heart interventions

Modified pathways proposed for the pre-procedural, procedural and
post-procedural aspects of care are shown in Table 2. Given the elective
nature of these procedures, there was consensus that most structural
procedures can be postponed, with few exceptions.

3. Discussion

Although there was significant initial disagreement among IC
about the management of STEMI and use of PPE (Fig. 1A–E), we
were able to achieve consensus and derive a concise framework for
the care of patients with CAD (Table 1) and those requiring struc-
tural heart interventions (Table 2) during the early phases of the
COVID-19 pandemic. The guiding principle of our framework is to
provide judicious care to these vulnerable patients without unnec-
essarily exposing them or our teams to COVID-19. In the manage-
ment of STEMI, the consensus was to continue to use primary PCI
over thrombolytics. This is consistent with prior trials that have
demonstrated greater efficacy of primary PCI over thrombolytics in
the management of STEMI [3]. The clinical benefit of primary PCI
over thrombolytics is greater in anterior versus non-anterior myo-
cardial infarction and in higher-risk patients [4,5]. Hence, we specif-
ically surveyed the 8 ICs on whether lytics should be considered in
lower-risk subsets or inferior MI. Our surveyed group felt that we
should continue to use primary PCI over thrombolytics for all
STEMI cases, as we have traditionally done in the pre-COVID era.
This is in contrast to the position paper from the Society for Cardio-
vascular Angiography and Interventions Emerging Leader Mentor-
ship Members and Graduates [2], that recommended consideration
of lytic therapy for low-risk STEMI in the COVID era. Our specific rec-
ommendation to consider invasive management of all STEMI cases
was guided by the concern that some patients presenting with
STEMI may indeed have COVIDmyocarditis rather than coronary oc-
clusion, and the use of lytic therapy in such cases may unnecessarily
expose patients to increased risk of bleeding, especially intracranial
hemorrhage.

The recently concluded ISCHEMIA trial of patients with stable
CAD showed that initial invasive therapy provided greater improve-
ment in angina-related health status but did not reduce the risk of
ischemic cardiovascular events or death from any cause compared
to initial conservative therapy [6,7]. Consistent with prior observa-
tions that a high-risk non-invasive test is a marker of poor prognosis
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[8], our surveyed physicians preferred an invasive approach over
conservative management in stable CAD patients with a large ische-
mic burden.

Subsequent to the conduct of our surveys, professional societies
in the US also released guidelines for structural heart interventions
[9], which closely resembled those our structural team agreed
upon. Many ongoing developments in the management of COVID-
19 will influence how our approaches evolve. These include the
availability of point-of-care testing for COVID-19, the prevalence of
myocarditis in patients presenting with ST elevations on the initial
EKG [10], the success of definitive antiviral treatment strategies,
and the availability of preventive strategies, including vaccines.
While institutional priorities, medicolegal concerns, financial con-
cerns related to diminished productivity, and constraints on local re-
sources will vary across systems, our study establishes that system
wide policies can be implemented at short notice with appropriate
involvement of clinicians and administrative leadership.
4. Limitations

A major limitation of our paper is that our recommendations are
based on the collective opinions of an experienced team of
interventionalists working in an integrated health care system.
There are currently no data to support the recommendations made
by our team or professional societies. Further, as COVID cases de-
cline, recommendations for the care of patients with coronary and
structural heart disease will evolve in ways that are hard to predict.
Many questions remain unanswered. Will interventional teams con-
tinue to use PPE in patients presenting to the cath lab with incidental
upper respiratory symptoms? Will a cautious approach to invasive
management of CAD with low ischemic burden become the new
norm? Will some of the follow-up visits conducted in the weeks
after structural interventions continue to occur with telemedicine,
even after the pandemic resolves? Our paper provides practicing cli-
nicians with a framework of recommendations during the initial and
resurgent phases of the COVID pandemic.
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Table 1
Suggested workflow for coronary artery disease management during COVID-19 pandemic.

Condition COVID+ patient
ICU/intubated

COVID+ p
Not ICU

ST-elevation myocardial infarction –Cath and percutaneous coronary
–Medical therapy if PCI would be f

Hemodynamically unstable acute coronary syndrome –Cath and PCI
–Medical therapy if PCI would be f

Hemodynamically stable acute coronary syndrome Medical management –Medical
–Stress te
–Cath if w
CTA

Stable angina Medical management –Medical
–Stress te
–Cath if w
CTA
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Writing - original draft, Writing - review & editing. Pugazhendi
Vijayaraman: Investigation, Writing - original draft, Writing - review
& editing. Gregory Yost: Investigation, Writing - original draft, Writing
- review & editing. James C. Blankenship: Investigation,Writing - orig-
inal draft, Writing - review & editing.
atient Person under investigation (PUI) Healthy patient

intervention (PCI), rather than lytic therapy
utile or unlikely to help the patient

–Repeat PUI screening questions.
–PCI by usual criteria

utile or unlikely to help the patient
–Repeat PUI screening questions.
–Cath and PCI

management
st or computed tomographic angiography (CTA)
orsening angina, markedly abnormal stress test or proximal coronary occlusions on

management
st or CTA
orsening angina, markedly abnormal stress test or proximal coronary occlusions on



Table 2
Suggested workflow for structural heart disease management during COVID-19 pandemic.

New office consult, diagnostic
cath and interventional
procedure

Post-procedure follow up

Transcutaneous aortic
valve implantation
(TAVI)

Postpone unless
- Symptomatic with aortic valve area b0.5 cm2,
or
- Heart failure hospitalization within prior
6 months, or
- Compelling social reasons (e.g. need support
from other family members)

Keep 1-week post-TAVR visit.
Postpone or do by telemedicine: 1-month, 6-month and 1-year post-TAVI appointments.
Postpone echocardiograms unless patient is symptomatic

Left atrial appendage
closure (LAAC)

Postpone all new appointments and planned
cases, unless compelling social reasons

- Postpone or do by telemedicine: all follow up visits, including all 45-day post LAAC
trans-esophageal echocardiograms (TEEs).
- In selected cases, clinicians may stop oral anti-coagulation at 45 days, until TEE can be
rescheduled.
- Consider computed tomographic angiography to rule out LAA clot.

Percutaneous mitral valve
repair

Postpone unless HF hospitalization within prior
6 months, or compelling social reasons

Postpone or do by telemedicine: 1-month follow up and echocardiograms, unless patient has
symptoms of HF

Patent foramen
ovale/atrial septal defect
closure

Postpone all new appointments and planned
cases, unless compelling social reasons

- Postpone or do by telemedicine: all follow up visits, and post-implant TEE.
- Perform Trans-thoracic echocardiography (TTE) for assessment of closure. If TTE suggests
complete closure, switch dual anti-platelet therapy to single anti-platelet therapy.
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