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As the world slowly starts to recover from the coronavirus disease-2019 pandemic, health care systems are now thinking

about resuming elective cardiovascular procedures, including procedures in cardiac catheterization laboratories.

Rebooting catheterization laboratories will be an arduous process, in part because of limited health care resources, new

processes, and fears stemming from the coronavirus disease-2019 pandemic. The authors propose a detailed phased-in

approach that considers clinical, patient-centered, and operational strategies to safely and effectively reboot catheter-

ization laboratory programs during these unprecedented times. This model balances the delivery of essential cardio-

vascular care with reduced exposure and preservation of resources. The guiding principles detailed in this review can be

used by catheterization laboratory programs when restarting elective interventional procedures.

(J Am Coll Cardiol Intv 2020;13:1951–7) © 2020 by the American College of Cardiology Foundation.
A s the number of new coronavirus disease-
2019 (COVID-19) cases stabilizes and some
states are lifting stay-at-home orders, hos-

pitals and physicians are planning to restart none-
mergent procedures. However, the COVID-19
pandemic has profoundly affected communities,
health care professionals, and systems in ways
that are not yet fully appreciated, creating new
challenges when trying to envision a “new normal.”
Rebooting catheterization laboratories that have
been functioning with minimal staffing and altered
operations for several weeks poses significant chal-
lenges. We present a perspective on these issues
and propose a strategic plan for a successful cathe-
terization laboratory reboot of elective interven-
tional procedures during the recovery from this
pandemic.

FACTORS LIMITING CATHETERIZATION

LABORATORY REBOOT

Factors that must be considered include patient is-
sues and personnel and operational concerns. After
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months of being told to stay home and avoid hospitals
unless absolutely necessary, patients often are fearful
of hospitals and reluctant to seek care. Canceled
visits, canceled procedures, late presentations, and
avoidance of care altogether for acute coronary syn-
drome, stroke, and other acute conditions are evi-
dence of this anxiety (1–3). Many patients have had
changes in their health insurance status, with mil-
lions losing employment during this crisis. In the
coming months, several patients will not be able to
take time off for their diagnostic tests and elective
procedures, because of financial insecurities or fear of
losing their current jobs. Changing patients’ percep-
tions will likely require time and effort on the part of
health care systems.

Health care facilities in some areas have expanded
beyond the limits of normal capacity, and surge areas
were created to augment care for patients with
COVID-19. Hospitals’ readiness to resume elective
procedures will vary depending on their local current
COVID-19 caseloads. In some areas, inpatient and
intensive care unit (ICU) beds still have significant
numbers of patients with COVID-19, also affecting
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ABBR EV I A T I ON S

AND ACRONYMS

COVID-19 = coronavirus

disease-2019

CV = cardiovascular

ICU = intensive care unit
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operations for those without COVID-19.
Often, essential care team members such as
physicians, nurses, and technologists have
been temporarily reassigned during the crisis
and may not be readily available to return to
the catheterization laboratory. Sadly, some
also have been infected with COVID-19 and
are still recovering from the disease. Furthermore,
personal protective equipment remains a limited
resource.

Most health care systems have reduced the number
of diagnostic studies that lead to catheterization
laboratory referrals, including transthoracic echocar-
diography, transesophageal echocardiography, stress
testing, and computed tomographic angiography.
Referring physicians, both primary care physicians
and cardiologists, have also not been seeing these
patients in the office because of restrictions in place
during the pandemic. Although telemedicine has
expanded, it is possible that many patients are not
seeking care through this alternative pathway. In
addition, testing for COVID-19 is not yet readily
available everywhere and has diagnostic limitations
(see later discussion). All these factors will affect the
rates of catheterization laboratory procedures done in
the early phase of the reboot.

GUIDING PRINCIPLES FOR

SUCCESSFUL REBOOT

To safely and effectively reboot catheterization lab-
oratories, health care systems are obligated to comply
with federal, state, and local public health recom-
mendations. This mandate includes following guide-
lines from the Centers for Medicare and Medicaid
Services, which recommends that states pass the
“gating criteria” prior to restarting nonemergent
procedures (4). This means that states should have
sustained regional reductions in the rates of new
COVID-19 diagnoses and cases for at least 14 days,
robust testing programs should be in place, and hos-
pitals should have all the required resources to treat
patients without COVID-19. The latter is dependent
upon a healthy workforce across all phases of care,
adequate personal protective equipment, appropriate
numbers of ICU and non-ICU beds, and required
supplies to treat all patients without resorting to a
crisis standard of care (4–6).

Guiding principles for a successful pathway to
rebooting catheterization laboratories are summa-
rized in Figure 1. Restarting elective cases after the
pandemic amplifies and highlights the integrated
nature of our health care teams. Diligent coordination
with other departments is essential to ensure
efficiency and success. Specifically, cardiac anes-
thesia, surgery, environmental services, infection
control, facilities, information technology, and others
must be engaged in developing a coherent and sus-
tainable strategy.

GRADUAL PHASED-IN MODEL

It should be assumed that all emergent cases such as
patients with myocardial infarction, shock, and se-
vere symptomatic valvular heart disease in need of
urgent treatment are already being treated according
to locally established protocols (7,8). Waiting patients
should be prioritized on the basis of severity of
symptoms and other established risk factors. They
need to be contacted regularly and reclassified as
needed while awaiting their procedures. Patients can
be classified as category I (urgent, or at high risk for
cardiovascular [CV] complications while waiting),
category II (semiurgent, or at moderate CV risk), or
category III (elective, or at low CV risk) (see Table 1)
(9,10).

Each program needs to implement a model to in-
crease cardiac care in a deliberate and graded fashion
with appropriate safeguards and ability to modify in
case of a second wave of infection. Recent general
guidance has been published on how to reintroduce
elective CV care during the pandemic (5,6). In addi-
tion to these recommendations, we propose the
following phased-in model (Table 2). It should be
noted that some resource considerations may not
apply to regions that have been less affected by the
pandemic, but each program can use these guiding
principles to tailor its catheterization laboratory
reboot process.

During phase 1, planned outpatient cases are to be
clustered on a few days per week if catheterization
laboratory staff members have not returned from
repurposing and ICU beds and holding area hours are
still limited. The number of cases scheduled should
aim to be about 25% of pre-COVID-19 catheterization
laboratory volume. Ideally, the first cases to be
scheduled will be category I patients (Table 1) at risk
for adverse cardiac events or urgent hospitalization
but also with low risk for intraprocedural complica-
tions. Such a balance may be difficult to strike, but
this type of cases would allow prompt discharge and
minimize the use of hospital resources, especially ICU
resources. Organizational strategies, including
extended hours and performing cases on weekends to
decompress weekdays and expedite patient
discharge, are available as needed after approbation
of the catheterization laboratory director. Especially
during this phase, when 2 therapeutic options such as



FIGURE 1 Guiding Principles for Successful Catheterization Laboratory Reboot
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percutaneous coronary intervention and coronary
artery bypass grafting are available, additional con-
siderations for the heart team over conventional de-
cision making would be length of stay and ICU bed
utilization. As such, the heart team may suggest a
minimally invasive procedure (e.g., percutaneous
coronary intervention over coronary artery bypass
grafting) associated with shorter length of stay and
less resource utilization (6), with the understanding
that there may be an increased risk for downstream
events such as repeat revascularization.

This applies to patients requiring coronary or pe-
ripheral revascularization as well as aortic valve
replacement.

Assuming a successful implementation of phase 1
and with the assent of institutional infectious
disease experts, phase 2 can be expected to begin as
soon as 1 to 2 weeks later. The volume of out-
patients can be expected to reach about 50% of
capacity and few elective cases can be done 4 days
if not all weekdays. Afternoon start times should be
avoided to reduce burdens on holding-area staff
members. Flexibility in the schedule and strategies
for rapid discharge remain available. Less symp-
tomatic coronary, peripheral, and structural patients
can be scheduled at that time. Heart biopsies and
noncardiac transplantation evaluation can also be
scheduled, assuming that transplantation programs
have also rebooted, and adequate isolation mea-
sures for this immunocompromised population are
in place to reduce the chances of nosocomial
transmission.



TABLE 1 Classification of Interventional Procedures According to Their Indication During the Coronavirus Disease 2019 Pandemic

Category* Coronary Angiography/PCI Structural Intervention Peripheral Angiography/PVI

I � Class III/IV angina despite medical therapy
� Recent hospitalization for angina/NSTEMI
� High-risk stress test

◦Drop in BP with exercise (>10 mm Hg)

◦Angina at low effort

◦Sustained VT

◦ST-segment elevation

◦Drop in LVEF

◦TID on imaging

◦Large ischemic burden

� TAVR: severe AS or bioprosthetic failure with

◦Class IV symptoms

◦Recurrent or refractory heart failure requiring
hospitalization

◦Decline in LVEF

◦Syncope
� Percutaneous mitral valve repair/replacement

◦Refractory to medical therapy while inpatient
� Acute post-MI VSD

� Critical limb ischemia with rest
pain/nonhealing ulcer

� Endovascular repair of symptomatic
AAA or enlarging TAA

� Nonfunctioning dialysis fistula
� Acute iliofemoral DVT with concern

for phlegmasia
� Acute pulmonary embolism with cor

pulmonale

II � Class II angina despite maximal medical
therapy

� Abnormal stress test result without high-risk
feature

� Pre-TAVR or cardiothoracic procedure
� Pre-transplantation evaluation (cardiac or

other)
� Pulmonary hypertension evaluation

� Progressive or escalating symptoms (Class III/IV)
or recent hospitalization for heart failure (<30 days)

◦TAVR

◦Percutaneous mitral valve repair/replacement

◦Percutaneous pulmonary valve replacement

◦Percutaneous tricuspid valve repair/replacement
� Severe AS with mean gradient >60 mm Hg or peak

velocity >5 m/s
� Severe MR with recent decline in LVEF

� Progressive or escalating claudica-
tion (limb or abdominal)

� Endovascular repair of enlarging
AAA or TAA

� Symptomatic carotid stenosis
� IVC filter placement for acute DVT

III � CTO case
� CardioMEMS implantation

� Stable symptoms (Class II) or asymptomatic with
an indication for intervention

◦TAVR

◦Mitral valve repair/replacement

◦Pulmonary valve replacement

◦Tricuspid valve repair/replacement
� ASD/PFO closure
� LAA occlusion
� PDA closure
� Chronic VSD closure
� Alcohol septal ablation

� All stable symptomatic PAD
� Chronic venous disease
� IVC filter removal

*Category I (urgent procedure): patient at high risk for CV complications while waiting; category II (semiurgent procedure): at moderate CV risk; category III (elective): at low CV risk.

AAA ¼ abdominal aortic aneurysm; AS ¼ aortic stenosis; ASD ¼ atrial septal defect; BP ¼ blood pressure; CTO ¼ chronic total occlusion; DVT ¼ deep vein thrombosis; IVC ¼ inferior vena cava; LAA ¼ left
atrial appendage; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; NSTEMI ¼ non–ST-segment elevation myocardial infarction; PCI ¼ percutaneous coronary intervention; PDA ¼ patent
ductus arteriosus; PFO ¼ patent foramen ovale; PVI ¼ peripheral vascular intervention; TAA ¼ thoracic aortic aneurysm; TAVR ¼ transcatheter aortic valve replacement; TID ¼ transient ischemic dilatation;
VSD ¼ ventricular septal defect; VT ¼ ventricular tachycardia.
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Structural and peripheral interventions at low risk
to require endotracheal intubation and at low risk for
ICU care post-procedure can also be scheduled in
phase 2. This includes patent foramen ovale and atrial
septal defect closure, which can be performed with
intracardiac echocardiographic guidance to minimize
the risk for aerosolization with transesophageal
echocardiography. Transcatheter aortic valve
replacement without general anesthesia and periph-
eral arterial and venous interventions can be consid-
ered given the low probability of emergent intubation
and cardiopulmonary resuscitation. Other procedural
and operational changes to consider adopting for
structural heart interventions in the COVID-19 era are
listed in Table 3.

In phase 3, all elective cases can be scheduled, but
volume will be at 75% of capacity until resources
allow a transition to phase 4. Cases can be scheduled
any day of the week. Elective procedures such as
coronary angiography for stable angina, pulmonary
hypertension evaluation, alcohol septal ablation, and
CardioMEMS implantation can be scheduled. Clinical
trial enrollment can be expected to resume in phase
4, when catheterization laboratories are functioning
normally, albeit with possible reduced efficiency due
to new processes in place.

COVID-19 TESTING PRIOR TO

ELECTIVE PROCEDURES

To protect and instill confidence among health care
workers and patients, systematic screening for
COVID-19 symptoms (cough, fever, new anosmia or
ageusia, dyspnea, diarrhea, or sore throat) and
exposure to known cases should be done for all pa-
tients prior to hospital admission (6,8,10). All patients
should also get tested with a single swab within 24 to
48 h of their elective procedures and told to self-
isolate until their procedures to avoid possible new
exposure in the interim. Testing on Friday for
Monday procedures can be acceptable if testing over
the weekend is not possible, with strict self-isolation



TABLE 2 Phased-In Model for Restarting Interventional Elective Procedures During the COVID-19 Pandemic

Phases Cases Dependencies Tactics

Phase 1: urgent/emergent
procedures and those not
affecting surge resources

25% usual capacity

1. Category I patients
2. Patients who have been

waiting >4 weeks

1. Nursing staff to open procedure
rooms to accept elective outpatients

2. “Clean” waiting area
3. “Clean” area for overnight stay
4. Equipment removed to support other

areas
5. Recover TAVR and high-risk patients

in the procedure room
6. Availability of cardiac anesthesia and

cardiac surgery
7. ICU bed availability

1. Return of 25% of catheterization laboratory
nurse FTEs

2. Physicians review patient list to identify
priority patients

3. No visitors
4. Greeter to escort through separate entrance
5. Direct to room/social distancing
6. Open holding area or dedicated overnight stay

area
7. Anesthesia machines, procedure tables, and

equipment carts reclaimed
8. Testing all outpatients prior to arrival
9. COVID-19 procedure room for outpatients

10. Careful patient selection to reduce likelihood
of needing ICU bed

11. Cluster procedure types

Phase 2: semiurgent procedures,
possibly affecting surge
resources

50% usual capacity

1. Category I and II patients
2. Patients who have been

waiting >3 weeks

As above
1. Holding area space reopened for

pre-/post-procedural care
2. Staffing and room availability
3. Throughput

As above
1. Universal COVID-19 testing for outpatients
2. Continue to isolate high-risk population to

reduce exposure
3. Adequate staffing for cases (nursing and

technologists)
4. Adequate staffing to provide pre-/post-proce-

dural care
5. Return of 1 FTE for environmental services and

patient transport

Phase 3: routine procedures
75% usual capacity

1. Category I, II, and
III patients

2. Patients who have been
waiting >2 weeks

As above
1. Staffing and room availability
2. Throughput

As above
1. Return of 80% FTEs to procedural area

including transport, environmental services and
catheterization laboratory and holding area
nursing

Phase 4: 110% of FY20
budgeted procedural cases

1. Category I, II, and
III patients

As above
1. Staffing and room availability
2. Throughput

As above
1. Running 1 procedure room on Saturday
2. Reestablish all blocks for ORs and anesthesia

support
3. Return of all clinical/nonclinical staff members

to procedural and pre-/post-procedural care
areas

4. Seek additional blocks as needed

COVID-19 ¼ coronavirus disease 2019; FTE ¼ full-time equivalent; FY20 ¼ fiscal year 2020; ICU ¼ intensive care unit; OR ¼ operating room; TAVR ¼ transcatheter aortic valve replacement.
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and repeat screening for COVID-19 symptoms on
Monday. Patients with symptoms and/or positive test
results should have their elective procedures
postponed.

It should be recognized that no pre-procedural
testing strategy can eliminate the possibility of
bringing a patient to the hospital in an asymptomatic
carrier state. The current false-negative rate for
COVID-19 polymerase chain reaction–based testing
varies from 26% to 100% depending on the timing of
testing relative to the disease onset (11). The median
false-negative rate on the day of exposure is 100%,
39% on the day of symptom onset, and 26% 3 days
later. Factors that can influence the clinical sensi-
tivity of nasopharyngeal swab testing include the
timing of specimen collection relative to symptom
onset (less sensitive in asymptomatic patients and in
those with more advanced disease) and the quality of
the sample (11–13). Of note, several point-of-care
testing kits are also available but are currently not
recommended for clinical use by the World Health
Organization (14). In areas where the prevalence of
COVID-19 is high, a second test to increase virus
detection may be needed. This decision should be
made after conferring with local infectious disease
experts. For hospitals without the capacity to perform
on-site testing, send-out tests can be done. However,
turnover time may be longer, creating logistic chal-
lenges for scheduling, particularly if testing windows
are dogmatic.

Antibody testing is currently under investigation
and is not recommended as the sole screening mo-
dality pre-procedure. The presence of antibodies
confirms a prior infection but may not correlate with
immunity. Despite having positive antibodies, some
patients still test positive for COVID-19, suggesting



TABLE 3 Specific Considerations for Structural Heart Procedures During the COVID-19 Pandemic

Procedure Procedural Considerations Operational Considerations

TAVR � MAC or conscious sedation (avoid general anesthesia)
� Early permanent pacemaker implantation for advanced

heart block seen post-TAVR
� Same-day discharge in low-risk patients with home cardiac

monitoring

� Dedicated COVID-19-negative pathway (pre- and
post-procedure)

� Only essential team present in the room (8)
� Same-day or next-day discharge
� Discharge home (not to a rehabilitation center or

nursing home)
� Crash ICU bed available
� Telehealth for pre- and post-procedure visits

MitraClip � No pre-procedural TEE (diagnostic imaging obtained
during the case)

ASD/PFO closure � No pre-procedural TEE (imaging obtained during the case)
� ICE for procedural guidance (avoid TEE)

LAAO � No pre-procedural TEE
� ICE for procedural guidance (avoid TEE)

ICE ¼ intracardiac echocardiography; LAAO ¼ left atrial appendage occlusion; MAC ¼ monitored anesthesia care; PTEE ¼ transesophageal echocardiography; other abbreviations as in Tables 1 and 2.
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that they may still be contagious (15). Additionally,
the absence of antibodies does not exclude an
ongoing infection, as some patients may not have yet
mounted a detectable immune response or may be
unable to.

OTHER IMPORTANT SAFETY MEASURES

In addition to screening for COVID-19, other impor-
tant safety measures to reassure patients, health care
workers, and referring physicians should be devised
for presumed COVID-19-negative patients presenting
for elective procedures. Given the limitations of pre-
procedural testing, patients and providers should
wear surgical masks at all times. Catheterization lab-
oratories should have dedicated “clean” pathways for
elective cases with isolated waiting areas, restrooms,
pre-procedural and recovery areas away from COVID-
19-positive patients, as well as dedicated “COVID-19-
negative” catheterization laboratory rooms when
feasible. Minimizing observation time post-procedure
is prudent. A no-visitation policy should be enforced
in the first phases of the reboot, and possibly even
longer depending on the local prevalence of COVID-
19. Whenever possible, family updates can be done
via video apps to replicate a face-to-face encounter
and allow them to see their loved ones peri-
procedurally. Catheterization laboratory teams
should avoid congregating in control booths and
breakrooms, and assignments should attempt to
avoid mixing between COVID-19-positive and
COVID-19-negative areas of the catheterization labo-
ratory. Daily symptom screening of staff members is
highly recommended. Routine COVID-19 testing of
the team is controversial and logistically difficult but
can be considered after consultation with local in-
fectious disease experts. The use of telehealth should
be maximized for evaluation and follow-up visits of
all patients. Recognizing whether a nosocomial
infection has occurred is predicated on catheteriza-
tion laboratory staff members’ checking in with pa-
tients after their procedures. If a recrudescence of
community COVID-19 or nosocomial infections oc-
curs, stopping most elective procedures should occur
again until control is reestablished.

CONCLUSIONS

The reboot of elective catheterization laboratory
procedures is expected to be a fluid process during
the recovery from this pandemic and differ among
regions according to their COVID-19 prevalence. Close
collaboration with national and local health author-
ities is essential to a safe and sustained return to a
new normal. The success of catheterization labora-
tory reboots requires complex coordination. It relies
on various programs’ collaborating to plan and
implement a standardized, detailed, phased-in
approach that incorporates clinical, patient-
centered, and operational strategies.

ADDRESS FOR CORRESPONDENCE: Dr. Duane S.
Pinto, Beth Israel Deaconess Medical Center, Inter-
ventional Cardiology Section, Palmer 415, 1
Deaconess Road, Boston, Massachusetts 02215.
E-mail: dpinto@bidmc.harvard.edu.
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