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Abstract: The coronavirus disease-2019 (COVID-19)
pandemic has overwhelmed healthcare systems
around the world, resulting in morbidity, mortality,
and a dramatic economic downturn In the United
States. Urgent responses to the pandemic halted rou-
tine hospital workflow in an effort to increase hospital
capacity, maintain staffing, and ration protective gear.
Most notably, New York saw the largest surge of
COVID-19 cases nationwide. Healthcare personnel
and physician leaders at Northwell Health, the largest
healthcare system in New York, have worked together
to successfully implement operational changes result-
ing in a paradigm shift in cardiac care delivery. In this
manuscript, we detail specific protocol adjustments
made in our cardiology department, cardiology service
line, and healthcare system in the face of the COVID-
19 pandemic. We discuss the sustainability of this shift
moving forward and the opportunity to optimize care
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is paper.
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for cardiovascular patients in the post COVID-19 era.
(Curr Probl Cardiol 2021;46:100675.)
Introduction

T
he coronavirus disease-2019 (COVID-19) pandemic has over-

whelmed healthcare systems around the world. In the United

States (US), urgent responses to the pandemic altered routine

hospital work flow with rapid adjustments to expand inpatient beds and

intensive care unit (ICU) capacity. Staffing models and redeployment

strategies were designed to deal with the projected surge of disease and

its burden on healthcare systems. Specifically, down state New York has

been the epicenter of this pandemic in the United States, and during its

height, had one-third of total US cases.1 During this time, bed capacity at

Northwell Health’s tertiary centers was increased by approximately 50%

including makeshift tents for inpatient care, converting conference rooms

and auditoriums into COVID wards, and repurposing of multiple proce-

dural or surgical recovery areas into ICUs. As an example, Northwell

Health’s Long Island Jewish Medical Center had a peak census of 903

inpatients, a 50% increase from their normal census of 583 beds.

In this document we share our extensive COVID experience with a

focus on the following aspects of cardiovascular2 care: (1) ambulatory

access, (2) hospital care, (3) postsurge transition to the new normal, and

(4) lessons learned during this crisis to better prepare for any subsequent

pandemics or crises. Without an effective targeted treatment, vaccine or

sufficient herd immunity for COVID-19, future waves of disease are

likely to continue as economic activity resumes and travel restrictions are

ease.3 We discuss the sustainability of these measures in an effort to adapt

to a more efficient way of cardiac healthcare delivery across Northwell

Health system, which comprises of 23 hospitals with over 6500 long-

term beds and 700 outpatient centers. Crises such as this provide an

opportunity to gather important knowledge, develop new strategies, and

implement change.4
Ambulatory Care
Minimizing exposure to cardiovascular patients requires social dis-

tancing and increasing levels of remote cardiovascular monitoring.5 At

the beginning of the COVID-19 pandemic, we immediately stopped non-

urgent, in-person office visits (Fig 1). To address urgent needs, 1 physi-

cian was available to see ambulatory patients deemed to be urgent to
Curr Probl Cardiol, March 2021



FIG. 1. Daily telehealth visits. 3/16/2020 indicating beginning of lock down within health system.
avoid unnecessary visits to an already overwhelmed emergency room.

Telemedicine was actively utilized and allowed patients to be remotely

monitored and assessed from the safety of their homes and only patients

who required advanced in-hospital cardiovascular management were

seen in-person.
Telemedicine and Triaging Cardiovascular patients
Early experience with COVID-19 has shown that patients with underlying

cardiovascular disease are at higher risk for morbidity and mortality.6,7 Car-

diovascular risk factors such as hypertension, diabetes, obesity, prior coro-

nary artery disease are associated with increased severity of COVID-19

infection and worse prognosis.8 Telemedicine allows for continued care of

this vulnerable population, while minimizing the risk of exposure associated

with a visit to a medical facility. Previous work has highlighted the potential

for using telemedicine in public health crises and disasters.9 In the United

States, telehealth had been hampered by variable insurance coverage which

Centers of Medicare and Medicaid Services (CMS) approved during the pan-

demic. The development of a robust telemedicine program requires resour-

ces by patients and the healthcare delivery office. Cardiovascular patients

are often elderly and may be technologically limited, so simpler, more “user

friendly” monitoring tools with education must be available to maximize

use.10 Traditionally, community and hospital-based practices have focused

on in person visits and have not promoted virtual provider-patient

interactions.11,12

A central strategy to limiting ambulatory patient visits during the pan-

demic was “forward triaging” � screening patients by outpatient
Curr Probl Cardiol, March 2021 3



providers through telemedicine visits and making decisions based on clin-

ical acuity, subsequently creating low- and high-risk categories. Estab-

lished cardiovascular patients, with otherwise stable chronic conditions,

were converted from scheduled office visits to telemedicine visits, result-

ing in telemedicine growth from 60 visits to 3348 visits across the health

system (Fig 1). This substantially limited travel and exposure. In the

future, some routine follow-up visits will be done through telemedicine,

alternating between virtual and in office visits. Appropriate reimburse-

ment for these services will also be paramount, as in many cases they

take more preparation and visit time for the provider.
eHealth
eHealth encompasses the use of information and communication tech-

nologies in the support of health.13 Direct capture of biometric data such

as heart rate, blood pressure (BP), electrocardiograms (ECG), physical

activity, and body weight through digital medical tools and smart phones

provides objective data useful in the management of cardiovascular

patients.14 Recently, 200 patients were investigated for BP control after

myocardial infarction (MI), using electronic visit with 4 smart phone-

compatible devices: wireless BP monitor, step counter with pulse oxime-

try, weight scale, and single-lead ECG device.15 The key findings were

similarly regulated BP, hospitalizations, and patient satisfaction between

the digital intervention and usual care groups. Similarly, noninvasive dig-

ital analytics have been utilized in telemonitoring of stable heart failure

populations to inform medication adherence and guide treatment with

promising results.16-18 However, these digital tools need more effective

integration into the electronic health record rather than only being acces-

sible through external systems, which has been a limitation.19
Telemedicine Post-COVID
With our recent experience, the classic paradigm of cardiology ambu-

latory visits every 6 months or 12 months can easily be transitioned into

telemedicine. Multiple barriers exist in maintaining usual care by tele-

medicine in the future, including changes in commercial and government

reimbursement, ensuring quality of care and determining optimal fre-

quency of visits.20 Simpler platforms for patient access along with an

increase use of patient portals to communicate with healthcare staff will

be required.21 Health Insurance Portability and Accountability Act

(HIPPA) regulations will need to be readdressed in the post-COVID era,
4 Curr Probl Cardiol, March 2021



and simpler, more secure devices will allow more patients to utilize these

options. Although user-friendly, secure telemedicine interfaces with

seamless electronic health record integration and reimbursement parity is

a daunting goal, perhaps the COVID-19 pandemic will be the impetus

required for much needed enhancement and upgrades.
Future Ambulatory Direction
This COVID pandemic gives us an opportunity to reconfigure our

ambulatory cardiovascular services. The incorporation of telehealth visits

with telemonitoring allows physicians to take care of patients without

clearly defined hours. Future innovation should attempt to ease the transi-

tion from inpatient to outpatient care, especially in vulnerable popula-

tions such as those with advanced heart failure.22 Outpatient management

of these patients is an opportunity to standardize the use of telemedicine

to trigger outpatient intravenous diuretic therapy protocols, which has

been shown to be safe and effective.23,24

The impact of the delay in scheduling of outpatient visits, testing and

procedures during the COVID-19 pandemic on clinical outcomes remains

unknown. Provisional data from the National Center for Health Statistics

indicate that all-cause mortality, apart from COVID-19, in New York

City is 5000 greater than expected for March 2020.30 It is critically

important that routine cardiovasuclar (CV) care continue during pandem-

ics to minimize morbidity and mortality due to heart disease and patient

fears of coming to the office or hospital. We should encourage these

changes in the paradigm of our delivery of ambulatory cardiac care.
Hospital Care
Delivering high quality cardiovascular care to the patients while main-

taining a safe work environment for the staff is paramount. Adequate test-

ing was a challenge from the onset of the COVID-19 pandemic. Swab

testing was not widely available; it was reserved for patients with symp-

toms, despite a sizeable asymptomatic COVID-19 patient population,

and had delays in test results.25,26 Atypical presentation of cardiovascular

diseases, such as MI and heart failure, along with the above issues made

for increased staff exposure.

Northwell Health was one of the first healthcare systems to mandate

the universal use of surgical masks in the hospital, including patients and

healthcare workers (HCW), N95 (3M, Minnesota) masks were reserved

for staff members with direct contact with suspected or confirmed
Curr Probl Cardiol, March 2021 5



COVID-19 patients in the units, floors, or procedural areas. Italy and

Spain had a surge of HCWs infected with COVID-19, with HCWs com-

prising 10% and 14% of all confirmed cases, respectively.27 Given that

hospitals are the local epicenter of the disease in this and future pandem-

ics, aggressive action is required early in future surges. As we will discuss

later, prioritizing personal protective equipment (PPE) stock piles will be

imperative after COVID-19.
Routine ECG, Physical Examination, Testing
Novel approaches for managing cardiovascular inpatients are neces-

sary not only for conserving limited resources but also reducing in-hospi-

tal exposure. We experienced an increased need for telemetry monitoring

for COVID-19 positive patients related to the use of proarrhythmic medi-

cations, including hydroxychloroquine and azithromycin.28 We incorpo-

rated mobile continuous telemetry monitors to maximize and streamline

our monitoring capabilities Mobile continuous telemetry monitors

allowed for continuous near real time monitoring on nontelemetry floors.

This, along with utilizing telemetry to monitor the corrected QT interval

when available, eliminated the need for serial ECGs, thus reducing poten-

tial exposure of staff and helped conserve PPE.29 All requisitions for

other tests, such as an ECG, echocardiography, blood draws, and x-rays

were reviewed by cardiologists prior to approval. There is evidence that

provider education can lead to a decrease in the frequency of testing,

decreasing healthcare costs, and most importantly, result in improved

HCW safety during a pandemic without compromising patient care.30

Cardiovascular point of care ultrasound by trained providers was uti-

lized for the critical care management of patients whenever possible.31

This was shown to be effective in Wuhan in patients with severe COVID-
FIG. 2. Steps to elective procedure re-engagement.

6 Curr Probl Cardiol, March 2021



19 infection and associated CV disease.32 This approach conserved PPE

and limited transmission through providers or stethoscope. These meas-

ures are crucial in these unprecedented times, and can be protocolized for

future surges to conserve scant resources and avoid exposure to HCWs.
Cardiovascular Procedures
Most institutions placed a moratorium on elective invasive catheterization

and electrophysiology (EP) laboratory (EP) procedures early in the COVID-

19 pandemic.33,34 Northwell stopped elective procedures even before the

state mandate given the dramatic increase of COVID-19 patients in our

health system, resulting in a decrease in 83% of cardiac catheterization pro-

cedures and 82% of EP procedures, respectively (Table 1). The goal was to

reduce unchecked community spread, conserve equipment, and re-purpose

staff and space to address COVID-19 patients. Despite this moratorium, the

surge in COVID patients in New York quickly overwhelmed the available

resources. Most recovery rooms and short stay units were utilized as ICUs.

Some staff in the catheterization and EP laboratories were kept out of the

hospital to minimize exposure in the event of a surge in HCW infections.

Patients were risk stratified into tiers (0-4), with tier 1 for elective, nonur-

gent cases, tier 4 for emergency cases, and tiers 2 and 3 in between (Tables

2-4). Tier 4 patients underwent procedures throughout the pandemic; no

other patients underwent cardiology procedures during this time. Patients

with rescheduled elective procedures were followed closely as outpatients

through the use of telemedicine and these patients were educated to report

any change in their clinical status. Simultaneously, there was a dramatic and

surprising drop in procedural volume, including urgent cases, likely due to

patient fear of contracting COVID-19 in the hospital. We saw a 69% drop in

acute MI patients as compared to the same time period in 2019.35 In an effort

to conserve resources and improve staff resource utilization for COVID-19

related needs, Northwell Health regionalized cardiac catheterization care to 1

cardiac catheterization and EP laboratory per geographical region.
Procedural Best Practice
The COVID-19 pandemic caused us to re-examine how we provided

care. Established practice was rethought and changed. Same day dis-

charge after percutaneous coronary intervention (PCI), pacemakers,

implantable cardioverter defibrillator (ICDs), and routine ablation was

encouraged. These have been shown to be safe,43-45 preferred by

patients,46 and cost saving. Adoption of 7-day a week model facilitated
Curr Probl Cardiol, March 2021 7



TABLE 1. Changes in cardiology department volumeCT, computed tomography; LIJMC, Long Island Jewish Med-
ical Center; MR, magnetic resonance; NSUH, North Shore University Hospital; TEE, transesophageal echocardi-
ography; TTE, transthoracic echocardiography.
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TABLE 2. Case prioritization: catheterization CCS, Canadian Cardiovascular Society; LV, left ventricle; NSTEMI, non-ST elevation
myocardial infarction; STEMI, ST elevation myocardial infarction; VT, ventricular tachycardia.
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TABLE 3. Case prioritization: EPS and ablation AF, atrial flutter; EPS, electrophysiology service; LBBB: left bundle branch block;
SVT, supraventricular tachycardia; VT, ventricular tachycardia; WPW,Wolf Parkinson Syndrome.
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TABLE 4. Case prioritization: CIED, TEE, and cardioversion AVB, atrioventricular block; CIED, cardiovascular implantable electronic device;
CRT, cardiac resynchronization therapy; ERI, elective replacement indicator; ICD, implantable defibrillator device; ILR, implantable loop
recorder; MCOT, mobile cardiac output telemetry; PM, pacemaker; SND, sinus node dysfunction; TEE, transesophageal echocardiography.
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capability to perform all necessary procedures even on the weekend and

reduce length of stay. Meticulous PPE donning and doffing protocols

were universally employed.36,42

Radial access was encouraged to allow for earlier ambulation and discharge

after PCI.37-39 Lastly, given the short- and intermediate-term equipoise

between PCI and coronary artery bypass surgery for multivessel disease, and

the desire to reserve ICU capacity and ventilators for COVID patients, PCI

was chosen over coronary artery bypass surgery when reasonable.40,41

Similar to catheterization procedures, EP procedures were limited to

urgent/emergent cases, eg, for permanent pacing for symptomatic heart

block, pacer-dependent patients with device nearing end of life, extraction

for infected or failed leads or ventricular tachycardia ablation in unstable/

hospitalized patients. Cardioversions for uncontrolled atrial fibrillation were

also facilitated utilizing CT scan to clear the left atrium (LA) appendage, and

avoid the exposure of transesophageal echocardiogram (TEE) when possi-

ble.42,43 If anesthesia deemed a patient to be high risk for respiratory compro-

mise requiring intubation, then patients underwent elective controlled

endotracheal intubation prior to the procedure.44

In collaboration with the Heart Rhythm Society, guidance to help clini-

cians limit consultation and manage cardiovascular implantable electronic

device patients was developed (Table 5). Specific cardiovascular implantable

electronic device programmers were designated for use with COVID-19 and

each was extensively decontaminated after every use. In addition, we made

pacemaker magnets widely available on COVID-19 ICUs and wards. In

patients being transitioned to do not resuscitate (DNR)/palliative care status a

magnet could be taped over the device to turn-off device therapies.
Post Peak-COVID-19 Procedures
We decided that reintegration of elective procedures in the cardiac cathe-

terization and EP laboratories will need to be done in a phased and systematic

fashion. Patient apprehension of coming into the hospital will need to be

addressed. The assurance of a “clean” space will be necessary to assuage

patient fears. Addressing testing needs of both the patient and staff as well as

creating “COVID-free” space is necessary. The foundation of any attempt at

complete re-engagement is expanded testing to truly understand the disease

burden. A proposed algorithm (Fig 2). would incorporate the following key

elements:

1. Preparation: Creating “COVID-19-free” space by moving chronic

ventilator patients and emphasizing testing of patients and staff.
12 Curr Probl Cardiol, March 2021



TABLE 5. Indications for CIED evaluationCIED, cardiovascular implantable electronic device; CRT, cardiac resynchronization ther-
apy; ICD, implantable defibrillator device; MRI, magnetic resonance imaging.
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2. Patient: Start with 2-4 elective cases per day to avoid recovery room

crowding using the tier system previously mentioned while also

allowing for strict implementation of screening practices.

3. Procedure: All patients should be universally tested for COVID-19

prior to arriving to the hospital. Telemedicine will be utilized to pre-

surgically evaluate patients and get their consent as well as provide

sites for COVID-19 testing.

4. Post: Limiting procedures to same day discharge as stated above,

followed by early discharge with telehealth follow-up.
Redeployment of Staff and Fellows
As discussed above, many COVID-19 related changes were designed

to limit exposure and preserve scarce resources. An essential resource

was the HCW. The creation of new “wards” and ICUs required

“repurposed” staff including nurses, advanced clinical practioner (ACPs),

and physicians. All attendings and trainees within our Northwell Health

were pooled together for the relief effort and placed into 3 tiers based on

their skill set, age, medical conditions, and needs in their subdivision.

The scheduled assignments originated from a centralized command to

ensure equitable staff allocation from all divisions. A total of 72 physi-

cians from our cardiology department, made up of 77% of total fellows

and 80% of hospital full time faculty, were deployed to either a medical

COVID floor or a repurposed COVID-19 ICU (Table 6). In a concerted

effort to avoid staff burn out,45 all shifts were limited to 12 hours with

rest days in between for a maximum of 5 nonconsecutive days in a 2-

week period. A recent study showed that limiting shifts to <16 hours

yielded 18% reduction in attention failures in trainees.46 Every effort was

taken to reduce these attention failures, minimize occupational exposure,

and avoid physician burn out. Staff were repurposed back into the cardio-

vascular space after 2-3 weeks and another set of physicians redeployed

to provide some reprieve from the stresses of the “COVID” floors.

Lessons Learned for the Next Pandemic
How to Handle the Next One
Perhaps the only silver lining from the tragic COVID-19 pandemic is

that it may serve as a wakeup call to prepare for future pandemics. To be

effective for the next pandemic, cardiac care delivery protocols must be
14 Curr Probl Cardiol, March 2021



TABLE 6. Cardiology staff deployment
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in place to respond more effectively and quickly to crises situation. In this

paper we have presented some of the new protocols that were developed

to deal with this crisis and this can be used as a template for unforeseen

calamities such as the COVID-19 pandemic.
Clean Hospitals
Some have proposed the concept of “clean” hospitals, which has been

done in parts of Canada such as Quebec. However, the term is a misnomer

since only patients are tested, and if positive, are promptly transferred to

COVID-19 designated hospitals. To be completely clean and COVID-19

free facilities will require universal testing for the HCW and staff to identify

and exclude all COVID-19 positive personnel. This may be resource inten-

sive upfront, requiring expanded testing, but would improve safety of staff

and prevent further transmission within and outside of the hospital.

A feeling of safety would allow patients to seek care, in a timely man-

ner, in “non-COVID-19” facilities. Non-COVID-19 deaths related to

other medical illness may be as high or higher than COVID-19 related

deaths during this pandemic. On par with this vision, Northwell Health’s

Syosset Hospital has been cleared and cleaned to re-open as a designated

“clean” facility and restart semielective procedures. However, due to

financial pressures on individual hospitals and hospitals systems, the con-

cept of a clean hospital is not generalizable and needs to be discussed in

the context of care regionalization and load balancing.
Load Balancing and PPE
Load balancing applied to a pandemic would be a situation where hos-

pital systems would share patients, beds, and equipment to preferentially

target the hardest hit regions and maintain resources throughout a given

region as opposed to a single hospital or private network. Hospitals oper-

ate on very slim margins requiring near 100% utilization of facilities.

This leaves no capacity for a sudden outbreak. Creation of this capacity

comes at a cost. To enact these changes on a grand scale will require fed-

eral and state involvement to maintain hospital margins and the ability to

resume normal revenue-generating procedures once the pandemic sub-

sides. Additionally, given PPE shortages during the pandemic, a regional

and federal stockpile of PPE should exist at all times. PPE is low cost,

lifesaving, and these supplies have a long shelf life. COVID-19 crisis has

clearly uncovered lack of preparedness at both federal and state levels,

which will need to be addressed moving forward.
16 Curr Probl Cardiol, March 2021



Beyond COVID: Lessons Learned

1. Telemedicine should be integrated into mainstream ambulatory

practices.

2. HCW safety requires preparedness and strong advocacy. Central to

this is having adequate PPE stockpiles in every region.

3. The foundation of re-engagement of procedures is universal testing

and creating a tier system of patients based on status.

4. Dyad leadership of physicians and administrators is quintessential to

plan, adapt and implement new protocols, and to maintain an open

communication with all aspects of work force.

5. This will not be the last pandemic. Novel ways of rapidly reorgan-

izing healthcare delivery across a region instead of within hospi-

tals will be necessary temporarily during pandemics and must be

explored.

Conclusion
In conclusion, Northwell Health has been at the epicenter of the

COVID-19 crisis in the United States and several lessons have been

learned. This manuscript provides practical guidance for healthcare

systems along with HCWs delivering cardiovascular care in the face

of the COVID-19 pandemic and future inevitable surges. The antici-

pation and preparedness of institutions to disease outbreaks is crucial

to providing the best quality of cardiovascular care while maintaining

a safe work place for healthcare professionals and patients.
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