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Abstract

Purpose As second and third waves of the COVID-19 pandemic challenge healthcare in
North America and Europe once again, we analyze the impact of the first wave on routine
elective cardiovascular care, and the differential COVID risk emerging within our patient

%roups and staff. . ) )
erspective We describe the need to sustainably resume, and temporarily expand, routine

elective cardiac services in the face of resurgent COVID-19. Some, but not all, cardiac
patient groups are particularly vulnerable to adverse outcomes following COVID-19 infec-
tion. We explore mitigation measures at the institutional level to increase resilience
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within cardiac services to enable them to operate deep into subsequent waves of COVID
infection which place unprecedented demands on intensive care infrastructure. As mea-
sures to eradicate the virus appear to have failed in many countries, and vaccine roll-out
will take many months we take the view that the threat imposed by endemic COVID-19

alters the way elective procedural care should be offered to cardiovascular patients.
Conclusion Our patients are at definite risk from their cardiovascular disease, and a return

to suspension of proven prognostic interventional treatments on an elective basis - the

default for the first wave — must be avoided at all costs.

Introduction

The emergence of SARS-CoV-2 triggered a global pan-
demic which challenged society in general and
healthcare in particular. Limited testing capacity, ab-
sence of proven treatment and exponential community
transmission led to an initial tsunami of COVID-19
patients with resultant public healthcare restrictions
and healthcare measures. COVID-19 is now endemic
in many countries, with ongoing potential for repeat
waves of infection. This article explores the operational
aspects of delivering routine elective institutional cardiac
care in the face of the persisting threat of COVID-19.

COVID-19 impact on volume—we now need to do
more, but can only offer less

Cardiac catheterization laboratory (CCL)-based proce-
dures were routinely offered pre-COVID-19 for investi-
gation or treatment. Most therapies have prognostic or
symptomatic outcomes that impact on the duration or
quality of life for patients. Many cardiac procedures are
elective in nature but offered in a timely fashion. A
proportion is time-critical, such as PCI for myocardial
infarction, and life-saving. With uncertainty at the pan-
demic onset, and the saturation of hospitals in Milan
(Italy) and New York (USA), many healthcare services
suspended elective CCL procedures. Only those with a
clear time-critical component remained. Patients experi-
enced unprecedented delays in routine cardiac care.
However, the unintended consequences of such stark
disruption were significant declines in time-critical con-
ditions themselves. ST elevation myocardial infarction
(STEMI) fell ~24-40% across the USA, Europe, and
China [1-5], while emergency pacemaker implantations
reduced by 73% [6]. Naturally, at an institutional level,
declines have many causes. Patient factors, such as fear
of COVID-19 exposure [7], combine with institutional

factors following internal restructuring of acute services,
redeployment of diagnostic capabilities, and staff sick-
ness due to COVID-19 itself. Inevitably, an avoidable
loss of life accounts for a proportion of the excess deaths
of the first wave of the COVID-19 pandemic. New York,
for example, experienced a large increase in non-
respiratory deaths, the majority attributable to heart
disease [8e].

One clear challenge in resuming routine CCL activity
is handling the displaced volume of routine work that
accumulated, while elective services were curtailed. This
catch-up needs to occur in conjunction with limiting
person-person transmission of COVID-19 in the
healthcare setting. These measures directly reduce CCL
efficiency. Additionally, we face the challenge of late-
presenting pathologies which follow interruption of di-
agnostic, outpatient, and primary care services. By April
2020, 1 month into the UK lockdown phase, more than
195,000 people were waiting for cardiac investigations
or procedures. During the pandemic phase, NHS En-
gland figures report a 67% reduction in echocardiogra-
phy, with primary care referrals to cardiology a quarter
of pre-pandemic levels [9]. Cumulative delays in diag-
nosis and treatment may produce long-term cardiovas-
cular complications and mortalities potentially prevent-
able by earlier treatment, providing an impetus to re-
sume, and sustain, cardiac services even in the face of
resurgence of COVID-19.

In summary, the acute effect of COVID-19 on the
CCL was a sharp reduction in elective and emergency
procedural activity. The extent to which patients identi-
fied for CCL based procedures have been deferred may
vary between institutions, but as the current situation in
Southern California [10, 11] reveals, the opportunity to
treat them between waves of COVID infection may be
fleeting. Patients will not present, even with life-
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threatening conditions, if they perceive their risks are
higher within a hospital than at home. Advanced pa-
thologies not seen for decades may return to clinical
practice due to cumulative delays upstream of the CCL.
Cath lab volumes need to temporarily increase to catch-
up, but operational policies to minimize infection dic-
tate how this can be achieved—e.g., 7-day working,
extended hours—as the routine model of 9 am-5 pm
care pre-COVID-19 can only return when COVID infec-
tion rates are low.

Does the shadow of COVID-19 fall equally on resuming
all procedures in all patients?

The acute impact of COVID fell unevenly in the CCL.
Emergency procedures that acutely save life (e.g., pace-
maker for complete heart block) were prioritized over
elective procedures that save life in the longer term (e.g.,
primary prevention ICD). Attempts to sustain activity in
elective structural heart disease were rationalized in the
context of patient symptoms, anatomy, and prognosis
[12]. However concomitant COVID infection often
dominated the clinical outcome [13] with mortalities
an order of magnitude higher than pre-COVID trial
and registry data predict. Anticipated operational chal-
lenges to emergency care [14] were also apparent; for
example, emergency STEMI care saw an ~ 11% increase
in symptom to hospital time, 20% increase in door to
balloon times and 20% adoption of thrombolysis [15e,
16, 17]. As we restore elective activity, we must learn
from the first wave and identify which procedures, or
patients, might have more, or less, risk from nosocomial
COVID-19 infection during hospitalization. By exten-
sion, this reveals which services should remain in the
event of subsequent waves of infection. The first chal-
lenge is how to get going again.

Poulin and Pinto [18] outlined strategies to facilitate
CCL resumption. They suggest a phase-in based on cat-
egorizing elective patients according to symptoms, pro-
cedure type, and institutional factors. A consensus North
American cardiovascular societies guidance document
suggests reintroduction of all invasive and diagnostic
cardiovascular procedures according to their risks with
sustainability altered in response to the severity of the
pandemic [19]. With resumption underway, the press-
ing challenge of the moment is how to adjust, and
sustain, recovery in the face of resurgent infection. Pri-
oritization driven by patient symptoms alone may be
misguided as it denies prognostic interventions, like
primary prevention ICD, to young asymptomatic
patients.

Age, followed by male sex, is clearly the dominant
risk factor for adverse outcomes (hospitalization, organ
support, and death) following COVID-19 infection [20].
Yet CCL procedures are offered across a broad age range,
from the pre-term neonate to the centenarian. In the UK,
for example, the average age of patients treated with
trans-catheter aortic valve replacement (TAVR), percuta-
neous coronary intervention (PCI), or percutaneous clo-
sure of the foramen ovale (PFOc) is 83, 65, and 45 years
respectively, spanning the age spectrum of COVID-19
risk. Furthermore, hypertension, diabetes, coronary ar-
tery disease (CAD), and obesity are the most common
comorbidities in inpatients with COVID-19, with obesi-
ty, diabetes, and CAD over-represented in fatalities
[2100].

Analysis of PCI for stable angina outcomes during
the first wave of the pandemic revealed non-cardiac
causes of death dominate 30-day mortality, a large com-
ponent of which is attributable to COVID-19 infection
[22]. Whether these patients acquired COVID during
hospitalization or in the community is unknown. The
association between severe COVID illness resulting in
death and CAD, or conditions predisposing to CAD,
highlights the need to consider this dimension as an
aspect of these patients’ optimal care. Adjustments may
include pre- and post-procedure isolation, and perhaps
procedure deferral, particularly where prognostic indica-
tions are known to be lacking (e.g., elective PCI for stable
angina, or elective catheter ablation of arrhythmia), in
patients who are particularly vulnerable (e.g., older,
male, comorbid patients), particularly when communi-
ty COVID rates are rising and nosocomial COVID trans-
missions occur.

Finally, we should consider the procedure itself and
recognize the competing needs at an institutional level.
In private healthcare systems, revenue streams need to
recover, but different procedures have different tariffs. In
teaching hospitals, training has been disrupted, but cur-
ricula need to be completed. In all settings, waiting lists
have grown and need to be reduced, but different pro-
cedures require different amounts of CCL time. If CCL
time is limited, should institutions defer time-intensive
procedures (e.g., chronic total occlusion PCI), and in-
stead have initial preference for shorter duration proce-
dures? Procedures place variable demands on the hos-
pital estate. The adoption of minimalist practice and
same-day discharges, where possible, may limit poten-
tial for nosocomial transmission, and preserve a service
when competing needs driven by a second wave occur.
The spring peak of the pandemic consumed ICU
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capacity, with 10% of COVID-19 patients requiring in-
tensive care [23]. Ideally restructuring cardiac services
between waves may generate resilience at the institution-
al level to accommodate fluctuating COVID-19 attribut-
able demand—which previously curtailed all non-
urgent cardiovascular diagnostics and interventions
[24, 25]—without restricting hospitals to a “COVID-
only” service.

In summary, the CCL exists in a complex landscape.
We need to reconsider priorities continuously as the tide
of COVID-19 rises and falls [Fig. 1]. The landscape has
multiple aspects derived from the patient, the procedure,
and the prevailing COVID-19 situation. Rapid, day-case
procedures for young patients which are supported by
prognostic data should continue well into a COVID
wave because the COVID-associated risks are small,
and the procedure-associated benefits are large. Re-
source intensive procedures for older, co-morbid pa-
tients offered for symptoms rather than prognosis are
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perhaps better deferred, because the risks of COVID-19
massively outweigh the potential procedure benefit. Fi-
nally, in order to build resilience into the hospital sys-
tem, the CCL faces a downward pressure to maximize
patient treatment while minimizing demand on the
hospital estate. Many CCL procedures have demonstrat-
ed equivalent clinical outcomes, while offering reduced
length of stay, compared to traditional open-heart sur-
gical alternatives. Redistributing activity from cardiac
theaters to the CCL will necessarily displace other activ-
ities. Diagnostic services with non-invasive alternatives
appear to be most vulnerable. Reducing multiple atten-
dances by adopting a diagnose + treat approach, may be
applicable beyond PCI but require different standards in
clinical governance. Intra-cardiac echocardiography =+
PFOc, to detect and close a PFO, could substitute for
trans-esophageal echocardiography (TEE) to diagnose
and then subsequently guide PFO closure either side of
a multi-disciplinary team discussion. This condenses
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Fig. 1. Resuming and sustaining elective catheter lab activity during endemic COVID-19 depend on competing demands of the
procedure, patient vulnerability, and COVID-19 transmission rates. Safer profiles are in the green zone; adverse profiles are in the
orange zone. Five hundred COVID cases typically generate ~ 50 hospital admissions, of which ~ 10 will need ICU admission for ~
10 days. Public health measures to control the virus take several weeks to have an effect because of the long pre-symptomatic
phase. To balance the competing interests of public health, with institutional and operator demands, we suggest that that green
tiles should always outnumber orange tiles when determining elective case scheduling. Institutions may wish to set their own
thresholds based on local population demographics, which will impact COVID-19 severity, and ICU surge provision. HTN =
hypertension, BMI = body mass index, DM = diabetes mellitus, CAD = coronary artery disease, BAME = Black, Asian, minority ethnic,

AGP = aerosol-generating procedure, ICU = Intensive Care Unit.
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two aerosol-generating procedures (AGPs), into a single
non-AGP hospital visit.

Resuming elective services in a COVID endemic era:
pillar 1—testing

Sustainable resumption of elective catheter procedures
may be supported by four pillars at the institutional
level. Having successfully conveyed the public health
message of the risks of COVID-19, there is now the
challenge to restore non-COVID health services for pa-
tients who declared a reluctance to attend hospital, even
with life-threatening emergencies.

As symptoms alone appear to be insufficient for case
identification [26], COVID testing is central to the
sustained return of elective procedures. Testing patients
and staff limits the potential for asymptomatic staff to
infect patients, inadvertent patient-to-patient transmis-
sion, and elective procedures in pre-symptomatic
COVID patients who may have a COVID dominated
post-procedure outcome. Maintaining COVID-free envi-
ronments within the hospital propagates the message
that elective treatment is safe and is vital to prevent
excess mortalities from COVID-19 infection in the typ-
ical cardiology patient cohort. Testing allows ward-
based zoning of patients according to COVID status,
reducing the possibility that patients screened negative
and isolated ahead of elective procedures will be inad-
vertently exposed to COVID-19 by emergency admis-
sions who do not have the luxury of enhanced quaran-
tine [27]. The transmission vector between patient
groups is potentially the staff who works across the
hospital site. Some institutions have initiated regular
staff testing to limit this route of nosocomial spread
[28]; the optimal frequency and utility of this approach
are yet to be demonstrated.

Current COVID-19 testing uses reverse transcription-
polymerase chain reaction (RT-PCR) of the viral genome
and takes 4-6 h to run, with logistics extending the
turnaround time. This makes it unsuited to time-
critical patient screening but potentially suitable for
elective screening when conducted close to the proce-
dure. A variety of RT-PCR-based screening platforms,
differentiated by trade-offs between scale, speed, and
accuracy, are available. These include the Roche cobas
SARS-CoV-2 assay, Cepheid Xpert Xpress SARS-CoV-2,
and more recently, the CovidNudge which, respectively,
take 3.5 h, 45 min and 90 min to run [29, 30]. To
facilitate quicker diagnostic testing, applicable to time-
critical patients, the Abbott ID Now SARS-CoV-2 assay
was developed, which returns a result in 5 min. A rapid

result is not always an accurate one, and in head-to-head
comparison, this platform had a lower sensitivity than
the conventional assay, mainly driven by failure to de-
tect at low viral load [29]. Regardless of the assay plat-
form used, the need to attend hospital for testing seems
counterproductive. Hospitals will attract COVID-19
cases from the community. Patients may avoid hospitals
if community rates are much lower than healthcare
environments. Hospitals should do everything possible
to be COVID-free and establish decentralized testing in
order to sustain the range of elective treatments or in-
vestigations they offer.

RT-PCR testing is not perfect. When infection rates
are high, a major limitation is the rate of false-negative
tests. Approximately 2-33% of patients with COVID-19
have a false-negative result [31]; hence, isolated testing
in the absence of strict quarantine for elective procedures
may have limited impact. Equally, when infection rates
are low, a significant proportion of positive results will
be false positives [32]. Even in symptomatic patients,
typical testing programs identify <10 infections per
hundred screened. Infection rates at a population level
are much lower, often quoted per 100,000 population.
With infections at low levels, the costs of testing
(> $100/test) are not insignificant. Accepting that popu-
lation level testing and tracing may be the only route to
reopen society until a vaccine has been widely deployed,
and acknowledging that it may also be part of the argu-
ment to convince patients that hospitals are safe places
for treatment, it appears that many of the criteria
established for a screening test [33] are not met. Cost
effectiveness reporting for COVID screening protocols
has yet to be determined. Hospital administrators, staff,
and patients will naturally question the utility of a test
that changes the outcome for a small number of positive
results, which complicates the pre-admission process for
all. Screened negative patients, and their families, may
be less sympathetic in the event of nosocomial COVID
infection if they do not understand that these measures
reduce, but do not eliminate, the possibility of transmis-
sion of an endemic infection.

As the northern hemisphere reaches winter, we must
recognize that symptoms cannot distinguish seasonal
viral infections (with low case fatality rates), from
COVID-19, with high case fatality rates. This increases
the need for accurate and timely testing. The ideal test
would resemble the common pregnancy test which can
be performed outside a healthcare setting, at lower cost,
and complexity. Such tests are generally based on the
presence of protein antigens. Abbott’s BinaxNOW™
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COVID-19 Ag Card obtained FDA Emergency Use Au-
thorisation in August 2020 [34] and appears to have this
potential, although the clinical impact is uncertain at the
time of writing. Sensitivity and specificity of the test
appear good enough to be useful (positive agreement
with RT-PCR 97.1% (95% CI: 85.1-99.9%); negative
agreement: 98.5% (95% CI: 92.0-100%), although the
limitation posed by low viral load on the swab remains.
The low cost and low complexity contrast sharply with
the infrastructure demands of RT-PCR, but the corollary
to decentralizing testing away from dedicated laborato-
ries is the lack of infrastructure to record and report the
test result—either within the hospital system or in the
wider public health context.

In summary, testing of staff and patients appears to
be the most robust pillar to sustain procedural activity. It
is highly important because COVID-19-infected individ-
uals are infectious before they become symptomatic.
Centralized testing capabilities are the most accurate
but are also costly and slow. Antigen-based point of care
testing has recently been released but not yet become
embedded in the wider matrix of reporting, and the
extent to which it delivers decentralization (e.g., testing
in pharmacies, primary care, or nursing homes) remains
to be proven. The hallmark of a successful testing pro-
gram paradoxically is the number of negative results.
Health economic analyses of COVID testing in many
domains are needed.

Resuming elective services in a COVID endemic era:
pillar 2—immunity and vaccination

The role of antibody testing to identify those previously
infected remains unclear. There is no strong evidence to
demonstrate that those with a prior infection develop
long-lasting immunity. Antibody levels rise following
infection; IgM antibodies are detectable 5-10 days from
symptom onset, followed by increasing IgG antibody
concentrations. Seroconversion takes approximately
40 days to complete [35, 36]. Serology testing is there-
fore not a useful marker for early infection. Although
immunity passports [37] have been proposed, whether
the presence of antibodies confer protection remains
unclear. Some studies show raised IgM antibody con-
centrations correlate with poorer outcomes, hence sug-
gesting that having antibodies is not necessarily a marker
of protection [36]. Indeed, reinfection has been docu-
mented several times, including a case where the second
infection was clinically more severe than the first [38]. If
this is generalizable, the impact of prior infection and
vaccination efforts may be difficult to predict.

Population immunity can be achieved via natural
infection or through vaccination. Achieving immunity
through natural infection alone is predicted to be ac-
companied by an unacceptable death toll predicted to
exceed 30 million people globally [39]. The World
Health Organization (WHO) reported 42 candidate vac-
cines in clinical evaluation, with ten in late-stage trials as
of the 2 of October, 2020 [40]. The first vaccine ap-
proved for routine clinical use was Sputnik V, after the
Ministry of Health in Russia approved it in the absence
of phase 3 trials raising concerns of safety and efficacy
[41]. Subsequently trial data and regulatory approval for
the synthetic RNA Pfizer-BioNTech BNT162b2 vaccine
encoding the SARS-CoV-2 full-length spike protein in
the pre-fusion conformation [42] have been widely
granted and rapidly brought to clinical practice with
over 2 million patients having received the first dose of
the vaccine to date. Regulatory approvals are anticipated
for other vaccine strategies with positive phase III out-
comes. The exceptional efficacy (> 90%) demonstrated
by these agents is potentially transformative for
healthcare. As a minimum, it should protect the work-
force as severe infection is reduced. It should also enable
“high-risk” personnel to return to the front line.

There is present uncertainty about whether the vac-
cine prevents asymptomatic carriage and transmission.
If this does happen, nosocomial transmission by staff to
patients may be possible to eliminate. Zoning of patient
groups would become much more robust, benefiting
the CCL tremendously as patients move in and out of
this quantal facility from all areas of the hospital.

Inevitably uncertainties exist with key questions re-
lated to efficacy of combination vaccine regimes, dura-
bility of antibody response, the unknown potential for
future side effects, and vaccine safety in groups excluded
from vaccine trial populations. Particularly challenging
will be the messages to overcome anti-vaccination rhe-
toric which may hold greater sway in some of the pop-
ulation, who may decline vaccination and in doing so
prevent the rapid acquisition of herd immunity that can
lead to virus eradication. As has been the case for other
viruses, SARS-COV2 will naturally evolve over time [43],
and over decades, SARS-COV2 may attain the same
impact on society as the other corona virus family mem-
bers that cause the common cold. However, in the short
term, it is possible that with millions currently infected
worldwide, enough variation has been established in the
existing viral genome pool over the past 12 months to
allow one (or more) strains to spread in spite of the
current vaccine regimes.
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If we consider the response to the pandemic in terms
of technologies developed, a familiar pattern for any in-
fectious disease is apparent. The first challenge in the
COVID-19 response was to establish diagnostics to iden-
tify those infected. In the CCL, this was largely adopted as
a test to identify those not infected ahead of elective
treatment. Yet proving a negative is difficult—particularly
when it is impossible to see the virus in order to collect it
with a swab. The second milestone has been to develop,
and deploy, effective vaccines to the population at large.
The third, and currently largely unmet need, is to be able
to measure neutralizing antibodies to COVID-19 [44]. In
the CCL, this would allow us to stop the error prone
screening strategy for the absence of infection, but rather
test for the presence of something that makes infection
impossible.

Pillar 3: back to basics and back to the
future—barriers, distance, risk, and telemedicine
Social distancing, hand hygiene, mask wearing, and me-
ticulous cleanliness within the built environment rein-
force the public health measures that our patients and
their families expect to see. They help employers ensure
the safety of their staff. It is notable that in the early
analysis of UK healthcare worker deaths from COVID-
19 [45], no intensivists or anesthetists died, even though
they were in an AGP environment with many of the
sickest COVID patients. This suggests that the combina-
tion of enhanced PPE, staff/patient ratios, and built
environment offered in the ICU might be the optimal
strategy for protecting the workforce more generally. As
we anticipate further waves of COVID-19 until popula-
tion level vaccination is well underway, hospitals need
to ensure supply chains of PPE, and consider extending
an ICU-like model of care within the hospital with
reduced patient density, particularly for cardiac services
that sustain the activities in the CCL which must keep
running to prevent the avoidable loss of life that follow
suspension of elective prognostic procedures seen in the
first wave.

Equally important as the recognition that the risks of
COVID-19 bear down differently in certain patient
groups is the realization that COVID-19 risks are asym-
metric within the workforce. NHS employers and the
British Medical Association have published guidance
and risk assessment tools to help organizations identify
vulnerable healthcare workers [46]. A disproportionate
link between Black Asian and Minority Ethnic (BAME) is
well established. UK national audit data shows that
~one-third of COVID-19 patients who needed critical

care admission were from BAME backgrounds [47].
Analysis of COVID-19 mortality data among NHS staff
demonstrated that those of BAME origin formed the
majority of deaths (64%) [45]. The Office of National
Statistics (ONS) found Black ethnicity patients had ~
3.5x the risk of dying from COVID-19 compared to
white counterparts. The Association of Local Authority
Medical Advisors (ALAMA) has devised the COVID-age
tool to assess an individual’s risk and to help manage
staff return to work [48]. Targeting vaccination to at-risk
groups should be considered.

Pregnant CCL staff may also represent an at-risk
population with considerations for both mother and
fetus. Pregnant women do not appear more susceptible
to SARS-CoV-2 infection; however, more severe COVID-
19 illness has been described, particularly toward the
end of pregnancy [49, 50]. In regard to fetal risk, there
has been no data linking COVID-19 to early pregnancy
loss (miscarriage) or birth defects. However, concerns
have been raised for the third trimester (> 28 weeks) due
to higher rates of premature delivery and risk for
maternal-infant transmission [51]. Another issue perti-
nent to healthcare workers is the use of N95 masks; pre-
COVID-19, these were shown to compromise maternal
cardiorespiratory function and fetal oxygenation during
the later pregnancy stages [52, 53]. While more data is
needed, during the pandemic phase of COVID-19, preg-
nant healthcare workers > 28 weeks have been advised
to avoid direct patient contact [54]. Pregnancy was an
exclusion criteria for the vaccine trials.

Extending social distancing principles within the
built hospital environment exploits the limited ability
of the virus to travel between patients. However, the
ultimate distancing solution does not bring patients into
hospital at all. Telemedicine enables ongoing patient
care while reducing the risk of exposure for both health
workers and patients. Furthermore, it saves patients time
and money [55]. Telemedicine can be applied to routine
follow-up or pre-operative assessments, obtaining con-
sent and triaging patients who need to be assessed in
person. It has also enabled staff who have to isolate to
remain part of the care team, consequently freeing up
colleagues from these duties. Telemedicine may be bet-
ter than the traditional model; cardiac rehabilitation
delivered in this way was associated with reduced hos-
pitalizations and cardiac events compared to usual care
[56]. However, the absence of a face to face consultation
is not suitable for all cardiology patients, for example,
those not familiar with electronic devices, or limited by
presbycusis or cognitive impairment. Telemedicine does
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not allow physical examination, or routine outpatient
diagnostic tests like ECG and echocardiography which
often play central roles in the longitudinal follow-up of
patients. Aside from identifying, and supporting patients
pre- and post-CCL procedure, the role of telemedicine
may extend into the CCL directly in the form of tele-
proctoring [57]. Research may also benefit from the
transition to remote telemedicine-based follow-up of
study participants tracked via digital platforms measur-
ing drug compliance [58] or physical activity.

Resuming elective services in a COVID endemic era:
pillar 4—human resources

Historical workforce planning assumptions for cardiol-
ogy were made without the COVID pandemic in mind
[59]. With no mandated age of retirement in the USA,
nearly a quarter of physicians are over 65 years old [60].
The short-term measures to redeploy younger cardiolo-
gists that could face COVID patients, and shield those
older, or medically at risk doctors that could not, raise
many workforce dilemmas as many of us now face
endemic infection without herd immunity or preventa-
tive therapy. How do we reintegrate those who were
isolated back into the workforce? Even more provoca-
tively, should we aim for full reintegration into the
workforce if repeated waves of infection will occur every
few months, and take many months to control? At what
point will the “lean-in” efforts to support a reduced
physician base accelerate burnout and lead to service
failure among those who do not have to isolate? How
do you escape the subconscious bias of age, gender, and
race in recruitment which will inevitably have a COVID-
19 angle to it, especially if recruitment is triggered by a
COVID related pressure? To what extent do institutional
“COVID-preparedness” and “COVID-resilience” strate-
gies need to be a part of contractual terms of employ-
ment and recruiting strategy?

How many doctors do we need to provide a service?
Historical staffing levels are predicated on the volume of
activity related to a particular disease, or procedure, and
projected models of utilization. This is often considered
in the context of competing local providers and an
institutional desire to invest or accelerate particular pro-
grams. Contemporary cardiology practice trends see few-
er investigations, and interventions per physician en-
counter somewhat offset by the increase in the > 65
“baby boomer” generation, and rising obesity rates
[61] with typical predictions for physician shortages on
a national level. However, these assumptions are now

challenged by COVID. As a profession, how do we fare if
the volumes do not come back?

The recovery scenarios for the economy at large,
commonly summarized as “V, W, U and L”, may also
play out variably in the CCL [Fig. 2]. With an average
9 years’ life lost per COVID infection [62], and over
360,000 deaths in the USA alone, it is possible that
widespread COVID infection will significantly change
the societal demographics used to estimate procedure
volumes. This would be further compromised if the
acute reductions in referrals seen early in the pandemic
were to persist into the recovery phase as patients pres-
ent late for investigation or management, or even suc-
cumb to infection. A more destabilizing model arises if
telemedicine facilitates assessment of patients outside
their typical referral networks. This could be driven by
adverse publicity related to nosocomial COVID trans-
mission in an institution, pandemic-related delays in
treatment or local COVID infection rates which con-
sume ICU capacity and halt elective programs. If patients
begin to explore their treatment options over larger
geographical ranges, the physician workforce may have
to follow.

Another aspect of workforce planning is job satisfac-
tion. Interventional cardiologists typically derive person-
al reward from the procedural aspects of the job, which
is often indexed to reimbursement. In centralized
healthcare systems, the institutional desire to have an
agile physician workforce that can be redeployed to
overwhelming COVID demand will be at odds with
the specialist aspirations, which drive physician satisfac-
tion of the IC workforce in particular [63]. Equally,
financial considerations may bias institutional share-
holder satisfaction away from investments in full-time
programs, or physicians, with revenue streams that can
be completely shut down by pandemic-related pres-
sures. In the short term, they may prefer a more flexible
model where temporary recruitment is made for a par-
ticular caseload during a COVID hiatus, rather than the
exposure to longer term appointments who lose their
luster if a COVID-only service returns. With interrup-
tions to normal patterns of reward and recognition,
climbing the traditional career ladder is extremely chal-
lenging at the present time.

The final workforce aspect applies to physician train-
ing. The pandemic severely disrupted training [64] and
recruitment in 2020. The extent to which individuals
will be adversely affected by these circumstances is be-
yond the scope of this article, but it would appear to be
an important concept to try and envisage ways that
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Fig. 2. Elective activity may return differently within cath lab services. a “V recovery” following the initial lockdown is a rapid return
to normal activity; this paradigm will apply to prognostic services offered to younger patients, e.g., congenital heart disease. b “U
recovery”, this will apply where there is a prolonged inability to provide, or work-up, a particular patient group, or institutional
preference for alternatives—e.g., non-invasive angiography. ¢ “W recovery”, recurrent waves of infection suspend elective
procedures. d “L recovery” the enduring absence of a particular procedure eg following service reconfiguration. The assumption that
activity will return to pre-pandemic levels may not hold out, especially for procedures offered to patient groups with high COVID-19
mortality as fewer patients survive after each wave of infection (c).

would limit the impact of future waves of COVID-19 (or priorities away from the obvious demands of the ICU,
any future pandemic) on our trainees in particular. Ina  and cancer pathways in order to preserve operations in
procedural specialty like interventional cardiology, this the CCL, and restore cardiovascular outcomes that at
means that we have to fight to reset institutional least resemble the pre-pandemic era.

Conclusion

COVID-19 is now endemic. Infection spreads exponentially, and vaccination
efforts are in their early stages. A high case fatality rate is expected for the typical
cardiovascular patient demographic. During lulls in COVID infection, we must
restructure our services and training, to sustain patient treatment while mini-
mizing the burden on the hospital estate. We do this in order to make cardio-
vascular services in general, and CCL activity in particular, less vulnerable to
waves of COVID transmission. The ICU model of care appears to be the safest
for staff, but this comes at the greatest cost to the institution as beds are reduced,
PPE is costlier, and staffing ratios are higher. In national healthcare systems that
typically operate from single hospitals and run close to capacity, we may need to
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enter a phase where extended routine working hours into evening and week-
ends is needed to compensate for the reduced number of patients that can safely
move though the hospital during regular working hours. At risk patients, told to
isolate early in the pandemic, will be discerning customers of healthcare in the
future. They will expect meticulous standards within hospitals and may be
inclined to use digital health to seek out alternative providers from the comfort
of their own living room. If the hospital cannot be maintained COVID-free in
entirety, it should be at least COVID-free in the parts that need to remain open
to treat COVID-vulnerable patients with otherwise treatable conditions. Many
positive factors that contribute to physician well-being are compromised by the
pandemic, but adversity does not come without opportunity. The opportunity
of the present moment is to reconsider every aspect of cardiovascular medicine
and accelerate transitions that may otherwise have taken a decade.

Declarations

Conflict of interest

Mahvash Zaman, Denise Tiong, Jacqueline Saw, Sarah Zaman, and Matthew ] Daniels declare that they have
no conflict of interest for this work. Sarah Zaman reports speaker or consultation fees from Medtronic,
AstraZeneca, and Amgen, and institutional research grants from Biotronik and Abbott Vascular. Dr. Saw has
received unrestricted research grant supports (from the Canadian Institutes of Health Research, Heart &
Stroke Foundation of Canada, National Institutes of Health, University of British Columbia Division of
Cardiology, AstraZeneca, Abbott Vascular, St Jude Medical, Boston Scientific, and Servier), speaker honoraria
(AstraZeneca, St Jude Medical, Boston Scientific, and Sunovion), consultancy and advisory board honoraria
(AstraZeneca, St Jude Medical, and Abbott Vascular), and proctorship honoraria (St Jude Medical and Boston
Scientific).

Human and animal rights and informed consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

Open Access

. _________________________________________________________________________________________________________________________________|
This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Curr Treat Options Cardio Med (2021) 23: 22

Page 11 of 13 22

References and recommended reading
-]
Papers of particular interest, published recently, have been
highlighted as:

1.

Of importance
Of major importance

Garcia S, Albaghdadi MS, Meraj PM, et al. Reduction in
ST-segment elevation cardiac catheterization laborato-
ry activations in the United States during COVID-19
pandemic. ] Am Coll Cardiol. 2020;75:2871-2.
https://doi.org/10.1016/j.jacc.2020.04.011.

Solomon MD, McNulty EJ, RanaJS, et al. The Covid-19
pandemic and the incidence of acute myocardial in-
farction. New Engl ] Med. 2020;383:691-3. https://doi.
01g/10.1056/NEJMc2015630.

Rodriguez-Leor O, Cid-Alvarez B, Ojeda F et al. Impact
of the COVID-19 pandemic on interventional cardiol-
ogy activity in Spain. REC Interv Cardiol. 2020; 2, 82—
89 https://doi.org/10.24875/RECICE.M20000123.

De Filippo O, D’Ascenzo F, Angelini F, et al. Reduced
rate of hospital admissions for ACS during Covid-19
outbreak in northern Italy. New Engl ] Med.
2020;383:88-9. https://doi.org/10.1056/
NEJMc2009166.

Xiang D, Xiang X, Zhang W, et al. Management and
outcomes of patients with STEMI during the COVID-
19 pandemic in China. ] Am Coll Cardiol.
2020;76:1318-24. https://doi.org/10.1016/j.jacc.
2020.06.039.

Gonzales-Luna AC, Torres-Valencia JO, Alarcon-Santos
JE, Segura-Saldana PA. Impact of COVID-19 on pace-
maker implant. J] Arrhythmia. 2020;36:845-8. https://
doi.org/10.1002/joa3.12411.

Bakker J. Lives at risk due to 50% drop in heart attack
A&E attendances. British Heart Foundation. 2020.
https://www.bhf.org.uk/what-we-do/news-from-the-
bhf/news-archive/2020/april/drop-in-heart-attack-
patients-amidst-coronavirus-outbreak. Accessed 14th
September 2020.

Woolf SH, Chapman DA, Sabo RT, Weinberger DM,
Hill L. Excess deaths from COVID-19 and other causes,
March-April 2020. JAMA. 2020;324:510-3. https://
doi.org/10.1001/jama.2020.11787.

This study investigates 505 059 deaths reported in the US
March - April, 2020; 87 001 excess deaths, (56 246 (65%)
attributed to COVID-19) included large increases in mortality
from heart disease were seen, documenting the jeopardy of
interrupting routine cardiac care.

9.

10.

Cheema K, Babu-Narayan S. Coronavirus and the per-
fect storm for heart disease. In: British Heart Founda-
tion. 2020. https://www.bhf.org.uk/
informationsupport/heart-matters-magazine/news/
coronavirus-and-your-health/coronavirus-and-the-
perfect-storm-for-heart-disease. Accessed 14th Septem-
ber 2020.

California county urges hospitals to halt elective surger-
ies https://apnews.com/article/california-coronavirus-

11.

12.

13.

14.

15.0

pandemic-6{3b5f48838ca927229bd1ce8b667100.
Written 10/12/20 Accessed 5/1/21.

Kaiser Permanente postponing non-urgent elective
surgeries in SoCal amid COVID-19 surge. https://abc7.
com/health/kaiser-permanente-delaying-non-urgent-
elective-surgeries-in-socal/9145917. Written 28/12/20,
Accessed 5/1/21.

Chung CJ, Nazif TM, Wolbinski M, et al. Restructuring
structural heart disease practice during the COVID-19
pandemic: JACC review topic of the week. ] Am Coll
Cardiol. 2020;75:2974-83. https://doi.org/10.1016/j.
jacc.2020.04.009.

Bangalore S, Sharma A, Slotwiner A, et al. ST-segment
elevation in patients with Covid-19 - a case series. N
Engl ] Med. 2020;382:2478-80. https://doi.org/10.
1056/NEJMc2009020.

Daniels MJ, Cohen MG, Bavry AA, et al. Reperfusion of
ST-segment-elevation myocardial infarction in the
COVID-19 era: business as usual? Circulation.
2020;141:1948-50. https://doi.org/10.1161/
CIRCULATIONAHA.120.047122.

Roffi M, Capodanno D, Windecker D, et al. Impact of
the COVID-19 pandemic on interventional cardiology
practice: results of the EAPCI survey. Euro Intervention.
2020;16:247-50. https://doi.org/10.4244/ElJ-D-20-
00528.

This survey of 636 interventional cardiologists documented
the impact of the first COVID-19 wave on cath lab activity.
Staff redeployment and sickness was common, elective activity
sharply reduced, delays in reperfusion were common, and
access to ICU restricted.

16.

17.

18.

19.

Garcia S, Stanberry L, Schmidt C, et al. Impact of
COVID-19 pandemic on STEMI care: an expanded
analysis from the United States. Catheter Cardiovasc
Interv. 2020:1-6. https://doi.org/10.1002/ccd.29154.
Kwok CS, Gale CP, Kinnaird T, et al. Impact of COVID-
19 on percutaneous coronary intervention for
ST-elevation myocardial infarction. Heart Published
Online First: 31 August 2020. https://doi.org/10.1136/
heartjnl-2020-317650.

Poulin MF, Pinto DS. Strategies for successful cathe-
terization laboratory recovery from the COVID-19
pandemic. JACC Cardiovascular Interventions.
2020;13:1951-7. https://doi.org/10.1016/j.jcin.2020.
06.032.

Wood DA, Mahmud E, Thourani VH, et al. Safe rein-
troduction of cardiovascular services during the
COVID-19 pandemic: guidance from north American
society leadership. ] Am Coll Cardiol. 2020;75:3177-
83. https://doi.org/10.1016/j.jacc.2020.04.063.


http://dx.doi.org/10.1016/j.jacc.2020.04.011
http://dx.doi.org/10.1056/NEJMc2015630
http://dx.doi.org/10.1056/NEJMc2015630
http://dx.doi.org/10.24875/RECICE.M20000123
http://dx.doi.org/10.1056/NEJMc2009166
http://dx.doi.org/10.1056/NEJMc2009166
http://dx.doi.org/10.1016/j.jacc.2020.06.039
http://dx.doi.org/10.1016/j.jacc.2020.06.039
http://dx.doi.org/10.1002/joa3.12411
http://dx.doi.org/10.1002/joa3.12411
https://www.bhf.org.uk/what-we-do/news-from-the-bhf/news-archive/2020/april/drop-in-heart-attack-patients-amidst-coronavirus-outbreak
https://www.bhf.org.uk/what-we-do/news-from-the-bhf/news-archive/2020/april/drop-in-heart-attack-patients-amidst-coronavirus-outbreak
https://www.bhf.org.uk/what-we-do/news-from-the-bhf/news-archive/2020/april/drop-in-heart-attack-patients-amidst-coronavirus-outbreak
http://dx.doi.org/10.1001/jama.2020.11787
http://dx.doi.org/10.1001/jama.2020.11787
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/coronavirus-and-the-perfect-storm-for-heart-disease
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/coronavirus-and-the-perfect-storm-for-heart-disease
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/coronavirus-and-the-perfect-storm-for-heart-disease
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/coronavirus-and-the-perfect-storm-for-heart-disease
https://apnews.com/article/california-coronavirus-pandemic-6f3b5f48838ca927229bd1ce8b667100
https://apnews.com/article/california-coronavirus-pandemic-6f3b5f48838ca927229bd1ce8b667100
https://abc7.com/health/kaiser-permanente-delaying-non-urgent-elective-surgeries-in-socal/9145917
https://abc7.com/health/kaiser-permanente-delaying-non-urgent-elective-surgeries-in-socal/9145917
https://abc7.com/health/kaiser-permanente-delaying-non-urgent-elective-surgeries-in-socal/9145917
http://dx.doi.org/10.1016/j.jacc.2020.04.009
http://dx.doi.org/10.1016/j.jacc.2020.04.009
http://dx.doi.org/10.1056/NEJMc2009020
http://dx.doi.org/10.1056/NEJMc2009020
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047122
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047122
http://dx.doi.org/10.4244/EIJ-D-20-00528
http://dx.doi.org/10.4244/EIJ-D-20-00528
http://dx.doi.org/10.1002/ccd.29154
http://dx.doi.org/10.1136/heartjnl-2020-317650
http://dx.doi.org/10.1136/heartjnl-2020-317650
http://dx.doi.org/10.1016/j.jcin.2020.06.032
http://dx.doi.org/10.1016/j.jcin.2020.06.032
http://dx.doi.org/10.1016/j.jacc.2020.04.063

22 Page 12 of 13

Curr Treat Options Cardio Med (2021) 23: 22

20.

2].00

Mallapaty S. The coronavirus is most deadly if you are
older and male - new data reveal the risks. Nature.
2020;585:16-7. hitps://doi.org/10.1038/d41586-020-
02483-2.

Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors
associated with COVID-19-related death using
OpenSAFELY. Nature. 2020;584:430-6. https://doi.
0rg/10.1038/s41586-020-2521-4.

This study analyses primary care records of 17,278,392 adults
pseudonymously linked to 10,926 COVID-19-related deaths.

It identifies common factors associated with COVID-19 death,
offering hazard ratios for ~20 variables.

22.

23.

24.

25.

26.

27.

28.

29.

Mohamed M, Kinnaird T, Curzen N et al. Trends of in-
hospital and 30-day mortality after percutaneous cor-
onary intervention in England before and after the
COVID-19 era. medRxiv, 2020, 2020.07.18.20155549.
https://www.medrxiv.org/content/10.1101/2020.07.
18.20155549v1.full.pdf.

Phua J, Li W, Ling L, et al. Intensive care management
of coronavirus disease 2019 (COVID-19): challenges
and recommendations. Lancet Respir Med.
2020;8:506-17. https://doi.org/10.1016/52213-
2600(20)30161-2.

ESC guidance for the diagnosis and management of CV
disease during the COVID-19 pandemic. European
Society of Cardiology. https://www.escardio.org/
Education/COVID-19-and-Cardiology/ESC-COVID-
19-Guidance#p08. Accessed 25th September 2020.
Lakkireddy DR, Chung MK, Gopinathannair R, et al.
Guidance for cardiac electrophysiology during the
COVID-19 pandemic from the heart rthythm society
COVID-19 task force; electrophysiology section of the
American College of Cardiology; and the Electrocardi-
ography and Arrhythmias Committee of the Council
on Clinical Cardiology. Circulation. 2020;141:e823-
31. https://doi.org/10.1161/CIRCULATIONAHA.120.
047063.

Guan W, NiZ, Hu, et al. Clinical characteristics of
coronavirus disease 2019 in China. N Engl ] Med.
2020;382:1708-20. https://doi.org/10.1056/
NEJMo0a2002032.

COVID-19 rapid guideline: arranging planned care in
hospitals and diagnostic services. National Institute for
Health and Care Excellence. https://www.nice.org.uk/
news/article/nice-publishes-new-covid-19-rapid-
guideline-on-arranging-planned-care-in-hospitals-
and-diagnostic-services. Accessed 28th September
2020.

Black JRM, Bailey C, Przewrocka J, et al. COVID-19: the
case for health-care worker screening to prevent hos-
pital transmission. Lancet. 2020;395:1418-20. https://
doi.org/10.1016/S0140-6736(20)30917-X.

Basu A, Zinger T, Inglima K, et al. Performance of
Abbott ID now COVID-19 rapid nucleic acid amplifi-
cation test using nasopharyngeal swabs transported in
viral transport media and dry nasal swabs in a New
York City Academic Institution. J Clin Microbiol.
2020;58:e01136-20. https://doi.org/10.1128/JCM.
01136-20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Gibani MM, Toumazou C, Sohbati M et al. Assessing a
novel, lab-free, point-of-care test for SARS-CoV-2
(CovidNudge): a diagnostic accuracy study. Lancet
(Microbe). 2020; Online first published 17 Sept 2020.
https://doi.org/10.1016/S2666-5247(20)30121-X.
Arevalo-Rodriguez I, Buitrago-Garcia D, Simancas-
Racines D et al. False-negative results of initial RT-PCR
assays for COVID-19: a systematic review. medRxiv,
2020, 2020.04.16.20066787. https://doi.org/10.1101/
2020.04.16.20066787.

Chiesa M, Harnandez S. PCR positives: what do they
mean? In: The centre for evidence-based medicine.
University of Oxford. 2020. https://www.cebm.net/
covid-19/pcr-positives-what-do-they-mean/. Accessed
10th October 2020.

Wilson JMG, Jungner G. Principles and practice of
screening for disease. Geneva: World Health Organi-
sation; 1968.164p.

Abbott. BinaxNOW Covid-19 Ag Card. In: US Food
and Drug Administration. https://www.fda.gov/
media/141570/download. Accessed 10th October
2020.

Tan W, Lu Y, Zhang J et al Viral kinetics and antibody
responses in patients with COVID-19. medRxiv
2020.03.24.20042382; https://doi.org/10.1101/2020.
03.24.20042382

Peeling RW, Wedderburn CJ, Garcia PJ, et al. Serology
testing in the Covid-19 pandemic response. Lancet
Infect Dis. 2020;20:E245-9. https://doi.org/10.1016/
$1473-3099(20)30517-X.

Phelan AL. COVID-19 immunity passports and vacci-
nation certificates: scientific, equitable, and legal chal-
lenges. Lancet. 2020;395:1595-8. https://doi.org/10.
1016/S0140-6736(20)31034-5.

Tillett RL, Sevinsky JR, Hartley PD et al. Genomic evi-
dence for reinfection with SARS-CoV-2: a case study.
Lancet Infect Dis. 2020; Online first published 12 Oc-
tober 2020. https://doi.org/10.1016/S1473-3099(20)
30764-7.

Randolph HE, Barreiro LB. Herd immunity: under-
standing COVID-19. Immunity. 2020;52:737-41.
https://doi.org/10.1016/j.immuni.2020.04.012.
World Health Organisation (WHO). Draft landscape
of Covid-19 candidate vaccines. https://www.who.int/
docs/default-source/inaugural-who-partners-forum/
novel-coronavirus-landscape-covid-19-(6).pdf.
Accessed: 6 October 2020.

Burki TH. The Russian vaccine for Covid-19. Lancet
Respir Med. 2020; Online first published 4 Sept 2020.
https://doi.org/10.1016/S2213-2600(20)30402-1.
Polack FP, Thomas §J, Kitchin N et al. Safety and
efficacy of the BNT162b2 mRNA Covid-19 Vaccine.
NEJM, https://doi.org/10.1056/NEJM0a2034577
(2020).

Armengaud J, Delaunay-Moisan A, Thuret J-Y, et al. The
importance of naturally attenuated SARS-CoV-2in the
fight against COVID-19. Environ Microbiol.
2020;22:1997-2000. https://doi.org/10.1111/1462-
2920.15039.


http://dx.doi.org/10.1038/d41586-020-02483-2
http://dx.doi.org/10.1038/d41586-020-02483-2
http://dx.doi.org/10.1038/s41586-020-2521-4
http://dx.doi.org/10.1038/s41586-020-2521-4
https://www.medrxiv.org/content/10.1101/2020.07.18.20155549v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.07.18.20155549v1.full.pdf
http://dx.doi.org/10.1016/S2213-2600(20)30161-2
http://dx.doi.org/10.1016/S2213-2600(20)30161-2
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance#p08
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance#p08
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance#p08
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047063
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047063
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1056/NEJMoa2002032
https://www.nice.org.uk/news/article/nice-publishes-new-covid-19-rapid-guideline-on-arranging-planned-care-in-hospitals-and-diagnostic-services
https://www.nice.org.uk/news/article/nice-publishes-new-covid-19-rapid-guideline-on-arranging-planned-care-in-hospitals-and-diagnostic-services
https://www.nice.org.uk/news/article/nice-publishes-new-covid-19-rapid-guideline-on-arranging-planned-care-in-hospitals-and-diagnostic-services
https://www.nice.org.uk/news/article/nice-publishes-new-covid-19-rapid-guideline-on-arranging-planned-care-in-hospitals-and-diagnostic-services
http://dx.doi.org/10.1016/S0140-6736(20)30917-X
http://dx.doi.org/10.1016/S0140-6736(20)30917-X
http://dx.doi.org/10.1128/JCM.01136-20
http://dx.doi.org/10.1128/JCM.01136-20
http://dx.doi.org/10.1016/S2666-5247(20)30121-X
http://dx.doi.org/10.1101/2020.04.16.20066787
http://dx.doi.org/10.1101/2020.04.16.20066787
https://www.cebm.net/covid-19/pcr-positives-what-do-they-mean/
https://www.cebm.net/covid-19/pcr-positives-what-do-they-mean/
https://www.fda.gov/media/141570/download
https://www.fda.gov/media/141570/download
http://dx.doi.org/10.1101/2020.03.24.20042382
http://dx.doi.org/10.1101/2020.03.24.20042382
http://dx.doi.org/10.1016/S1473-3099(20)30517-X
http://dx.doi.org/10.1016/S1473-3099(20)30517-X
http://dx.doi.org/10.1016/S0140-6736(20)31034-5
http://dx.doi.org/10.1016/S0140-6736(20)31034-5
http://dx.doi.org/10.1016/S1473-3099(20)30764-7
http://dx.doi.org/10.1016/S1473-3099(20)30764-7
http://dx.doi.org/10.1016/j.immuni.2020.04.012
https://www.who.int/docs/default-source/inaugural-who-partners-forum/novel-coronavirus-landscape-covid-19-(6).pdf
https://www.who.int/docs/default-source/inaugural-who-partners-forum/novel-coronavirus-landscape-covid-19-(6).pdf
https://www.who.int/docs/default-source/inaugural-who-partners-forum/novel-coronavirus-landscape-covid-19-(6).pdf
http://dx.doi.org/10.1016/S2213-2600(20)30402-1
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1111/1462-2920.15039
http://dx.doi.org/10.1111/1462-2920.15039

Curr Treat Options Cardio Med (2021) 23: 22

Page 13 of 13 22

44.

45.

406.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Muruato AE, Fontes-Garfias CR, Ren P, et al. A high-
throughput neutralizing antibody assay for COVID-19
diagnosis and vaccine evaluation. Nat Commun.
2020;11:4059. https://doi.org/10.1038/s41467-020-
17892-0.

Cook T, Kursumovic E, Lennane S. Exclusive: deaths of
NHS staff from COVID-19 analysed. The Health Ser-
vice journal 2020. https://www.hsj.co.uk/exclusive-
deaths-of-nhs-staff-from-covid-19-analysed/7027471.
article. Accessed: 6 October 2020.

NHS Employers. Risk assessments for staff. 2020.
https://www.nhsemployers.org/covid 19/health-safety-
and-wellbeing/supporting-staff-health-and-safety/risk-
assessments-for-staff. Accessed 6 October 2020.

Kirby T. Evidence mounts on the disproportionate ef-
fect of COVID-19 on ethnic minorities. Lancet Respir
Med. 2020;8:547-8. https://doi.org/10.1016/S2213-
2600(20)30228-9.

Association of Local Authority Medical Advisors.
Covid-19 medical risk assessment. 2020. https://
alama.org.uk/covid-19-medical-risk-assessment/.
Accessed 6 October 2020.

Khalil A, Kalafat E, Benlioglu C, et al. SARS-CoV-2
infection in pregnancy: a systematic review and meta-
analysis of clinical features and pregnancy outcomes.
EClinicalMedicine. 2020;25:100446. https://doi.org/
10.1016/j.eclinm.2020.100446.

Yu N, Li W, Kang, et al. Clinical features and obstetric
and neonatal outcomes of pregnant patients with
COVID-19 in Wuhan, China: a retrospective, single-
centre, descriptive study. Lancet Infect Dis.
2020;20:559-64. https://doi.org/10.1016/S1473-
3099(20)30176-6.

Don L, Tian ], He S, et al. Possible vertical transmission
of SARS-CoV-2 from an infected mother to her new-
born. JAMA. 2020. https://doi.org/10.1001/jama.
2020.4621.

Tong PSY, Kale AS, Ng K, et al. Respiratory conse-
quences of N95-type mask usage in pregnant
healthcare workers-a controlled clinical study.
Antimicrob Resist Infect Control. 2015;4:48. https://
doi.org/10.1186/s13756-015-0086-z.

Roberge R, Kim JH, Powell J. N95 respirator use during
advanced pregnancy. Am J Infect Control.
2014;42:1097-100. https://doi.org/10.1016/j.ajic.
2014.06.025.

Knight M, Bunch K, Vousden N. Characteristics and
outcomes of pregnant women admitted to hospital
with confirmed SARS-CoV-2 infection in UK: national
population based cohort study. BMJ.
2020;369:m2107. https://doi.org/10.1136/bm)j.
m2107.

Thamman R. Lessons learned from COVID-19: the
silver lining of telemedicine: feature article. Am Coll

56.

57.

58.

59.

60.

61.

62.

63.

64.

Cardiol https://www.acc.org/membership/sections-
and-councils/women-in-cardiology-section/section-
updates/2020/04/27/20/42/lessons-learned-from-
covid-19-coronavirus-disease-2019-the-silver-lining-
of-telemedicine.

Jin K, Khonsari S, Gallagher R, et al. Telehealth inter-
ventions for the secondary prevention of coronary
heart disease: a systematic review and meta-analysis.
Eur J Cardiovasc Nurs. 2019;18:260-71. https://doi.
01g/10.1177/1474515119826510.

Goel SS, Greenbaum AB, Patel A, et al. Role of
teleproctoring in challenging and innovative structural
interventions amid the COVID-19 pandemic and be-
yond. JACC Cardiovasc Interv. 2020;13:1945-8.
https://doi.org/10.1016/j.jcin.2020.04.013.

Zijp T, Mol P, Touw D, et al. Smart medication adher-
ence monitoring in clinical drug trials: a prerequisite
for personalised medicine? EClinical Medicine.
2019;15:3-4. https://doi.org/10.1016/j.eclinm.2019.
08.013.

Narang A, Sinha SS, Rajagopalan B, et al. The supply
and demand of the cardiovascular workforce: striking
the right balance. ] Am Coll Cardiol. 2016;68:1680-9.
https://doi.org/10.1016/j.jacc.2016.06.070.

Smart DR. Physician characteristics and distribution in
the US, 2015 edition. Chicago: American Medical As-
sociation; 2015.

Sauer J. Cardiology workforce analysis https://www.
medaxiom.com/dlientuploads/documents/
Workforce_Analysis.pdf, accessed 25/10/20.

Quast T, Andel R, Gregory S, et al. Years of life lost
associated with COVID-19 deaths in the United States.
J Public Health. 2020;42:717-22. https://doi.org/10.
1093/pubmed/fdaal59.

Naidu S. Interventional cardiology: reflections on my
career choice at 10 years. ] Invasive Cardiol.
2015;27:E42.

Gupta T, Nazif TM, Vahl TP, et al. Impact of the
COVID-19 pandemic on interventional cardiology fel-
lowship training in the New York metropolitan area: a
perspective from the United States epicenter. Catheter
Cardiovasc Interv. 2020:1-5. https://doi.org/10.1002/
ccd.28977.

Publisher’s Note

1 —
Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional
affiliations.


http://dx.doi.org/10.1038/s41467-020-17892-0
http://dx.doi.org/10.1038/s41467-020-17892-0
https://www.hsj.co.uk/exclusive-deaths-of-nhs-staff-from-covid-19-analysed/7027471.article
https://www.hsj.co.uk/exclusive-deaths-of-nhs-staff-from-covid-19-analysed/7027471.article
https://www.hsj.co.uk/exclusive-deaths-of-nhs-staff-from-covid-19-analysed/7027471.article
https://www.nhsemployers.org/covid19/health-safety-and-wellbeing/supporting-staff-health-and-safety/risk-assessments-for-staff
https://www.nhsemployers.org/covid19/health-safety-and-wellbeing/supporting-staff-health-and-safety/risk-assessments-for-staff
https://www.nhsemployers.org/covid19/health-safety-and-wellbeing/supporting-staff-health-and-safety/risk-assessments-for-staff
http://dx.doi.org/10.1016/S2213-2600(20)30228-9
http://dx.doi.org/10.1016/S2213-2600(20)30228-9
https://alama.org.uk/covid-19-medical-risk-assessment/
https://alama.org.uk/covid-19-medical-risk-assessment/
http://dx.doi.org/10.1016/j.eclinm.2020.100446
http://dx.doi.org/10.1016/j.eclinm.2020.100446
http://dx.doi.org/10.1016/S1473-3099(20)30176-6
http://dx.doi.org/10.1016/S1473-3099(20)30176-6
http://dx.doi.org/10.1001/jama.2020.4621
http://dx.doi.org/10.1001/jama.2020.4621
http://dx.doi.org/10.1186/s13756-015-0086-z
http://dx.doi.org/10.1186/s13756-015-0086-z
http://dx.doi.org/10.1016/j.ajic.2014.06.025
http://dx.doi.org/10.1016/j.ajic.2014.06.025
http://dx.doi.org/10.1136/bmj.m2107
http://dx.doi.org/10.1136/bmj.m2107
https://www.acc.org/membership/sections-and-councils/women-in-cardiology-section/section-updates/2020/04/27/20/42/lessons-learned-from-covid-19-coronavirus-disease-2019-the-silver-lining-of-telemedicine
https://www.acc.org/membership/sections-and-councils/women-in-cardiology-section/section-updates/2020/04/27/20/42/lessons-learned-from-covid-19-coronavirus-disease-2019-the-silver-lining-of-telemedicine
https://www.acc.org/membership/sections-and-councils/women-in-cardiology-section/section-updates/2020/04/27/20/42/lessons-learned-from-covid-19-coronavirus-disease-2019-the-silver-lining-of-telemedicine
https://www.acc.org/membership/sections-and-councils/women-in-cardiology-section/section-updates/2020/04/27/20/42/lessons-learned-from-covid-19-coronavirus-disease-2019-the-silver-lining-of-telemedicine
https://www.acc.org/membership/sections-and-councils/women-in-cardiology-section/section-updates/2020/04/27/20/42/lessons-learned-from-covid-19-coronavirus-disease-2019-the-silver-lining-of-telemedicine
http://dx.doi.org/10.1177/1474515119826510
http://dx.doi.org/10.1177/1474515119826510
http://dx.doi.org/10.1016/j.jcin.2020.04.013
http://dx.doi.org/10.1016/j.eclinm.2019.08.013
http://dx.doi.org/10.1016/j.eclinm.2019.08.013
http://dx.doi.org/10.1016/j.jacc.2016.06.070
https://www.medaxiom.com/clientuploads/documents/Workforce_Analysis.pdf
https://www.medaxiom.com/clientuploads/documents/Workforce_Analysis.pdf
https://www.medaxiom.com/clientuploads/documents/Workforce_Analysis.pdf
http://dx.doi.org/10.1093/pubmed/fdaa159
http://dx.doi.org/10.1093/pubmed/fdaa159
http://dx.doi.org/10.1002/ccd.28977
http://dx.doi.org/10.1002/ccd.28977

	Sustainable Resumption of Cardiac Catheterization Laboratory Procedures, and the Importance of Testing, During Endemic COVID-19
	Abstract
	Introduction
	COVID-19 impact on volume—we now need to do more, but can only offer less
	Does the shadow of COVID-19 fall equally on resuming all procedures in all patients?
	Resuming elective services in a COVID endemic era: pillar 1—testing
	Resuming elective services in a COVID endemic era: pillar 2—immunity and vaccination
	Pillar 3: back to basics and back to the future—barriers, distance, risk, and telemedicine
	Resuming elective services in a COVID endemic era: pillar 4—human resources

	Conclusion
	Declarations
	References and recommended reading
	Section113


