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Background: Heart failure (HF) patients with CRT devices are a vulnerable patient population during the
Coronavirus Disease 2019 (COVID-19) Pandemic. It is important to develop innovative virtual care mod-
els to deliver multidisciplinary care while minimizing the risk of SARS-CoV2 exposure.
Objective: We aim to provide a description of how HF patients with CRT devices were assessed and man-
aged in our virtual multidisciplinary clinic during the COVID-19 Pandemic. Clinical outcomes between
this group of patients seen in virtual clinic and a historical cohort followed by in-person multi-
disciplinary clinic prior to the pandemic were compared.
Method: This is a retrospective cohort study of HF patients with CRT implants who were seen in the vir-
tual multidisciplinary clinic from March 18th, 2020 to May 27th, 2020 (Virtual Visit Group, N = 43). A
historical cohort of HF patients with CRT devices seen in the ReACT clinic in person during the same cal-
endar time period in 2019 was used as a control group (In-Person Visit Group, N = 39). Both groups were
followed until July 1st of the same calendar year (2020 or 2019) for clinical events. The primary outcome
measure was a combined outcome of all-cause mortality and HF- or device-related hospitalizations dur-
ing follow-up. The secondary outcome measures included patient satisfaction, COVID-19 infection, and
other cardiovascular events.
Results: In the Virtual-Visit Group, 21 patients (48.8%) had their initial ReACT clinic visit (first visit after
CRT implant) as a virtual visit; 22 patients (51.2%) had prior in-person ReACT clinic visits before the first
virtual visit. During the virtual visits, 12 patients had either potential cardiac symptoms or significant
device interrogation findings that required clinical intervention. In post-virtual clinic patient satisfaction
survey, all 22 patients surveyed (100%) reported being very satisfied or satisfied with the overall experi-
ence of the virtual clinic, and every patient (100%) said they would like to use telemedicine again. During
a median follow-up period of 82 days (interquartile range [IQR] 61–96 days), one patient died from pneu-
monia of unclear etiology at an outside hospital, without documentation of COVID-19 positivity. No
patient was hospitalized for HF- or arrhythmia-related complications. No patient was diagnosed with
COVID-19. Compared with the In-Person Visit Group, there was no significant increase in mortality or
major cardiovascular events in the Virtual-Visit Group (2.3% versus 5.1%, P = 0.60).
Conclusions and Relevance: Virtual multidisciplinary care was feasible for HF patients with cardiac resyn-
chronization therapy devices and achieved good patient satisfaction. Virtual care was not associated with
short-term increase in adverse events for HF patients with CRT device during the COVID-19 Pandemic.
This virtual care model could help promote the adoption of digital health methodology for high-risk
patients with multiple cardiac comorbidities.
� 2021 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The COVID-19 pandemic has prompted the widespread adop-
tion and rapid implementation of telemedicine. The imperative of
social distancing in the face of a highly infectious virus has trans-
formed ambulatory care and necessitated the use of virtual com-
munication platforms between providers and patients [1]. Heart
failure (HF) patients with implanted cardiac resynchronization
therapy (CRT) devices constitute a unique patient population that
are both particularly vulnerable, due to their underlying cardiovas-
cular disease, and require care by multiple subspecialists, including
HF and cardiac electrophysiology providers. They are therefore
potentially well-positioned for transitioning into the virtual care
model with existing implantable devices and remote monitoring
infrastructure.

The Resynchronization and Advanced Cardiac Therapeutics
(ReACT) Program at Massachusetts General Hospital (MGH) is an
established multidisciplinary program including subspecialists
from the HF, electrophysiology, and echocardiography service aim-
ing to optimize care for HF patients with CRT devices [2]. Through
this program, integrated care is delivered to CRTpatients at 1month,
3months, and 6months post-CRT implantwith occasional followup
at later time points if needed. Patients graduate after these 3 visits
and follow up with their HF cardiologist and/or electrophysiologist.
A prior study has shown that this coordinated, multi-disciplinary
approach, that included optimization of device programming with
electrocardiographic or echocardiographic guidance, guideline-
directed medication titration and close coordination among the HF
and electrophysiology specialists for outpatient diuretic manage-
ment has led to 38% reduction in the risk for HF hospitalization, car-
diac transplantation and all-cause mortality over a two-year period
[2]. During the COVID-19 pandemic, we have taken this established
multidisciplinary care approach on a virtual platform to deliver high
quality patient care in a safe and effective manner. In this study, we
provide a detailed overview of this transition and evaluate the
impact of implementing the virtual multidisciplinary care model
for HF patients with CRT devices.
2. Methods

2.1. Study population

We retrospectively constructed a cohort of all consecutive HF
patients with CRT devices seen at the virtual multidisciplinary
clinic in our hospital between March 18th, 2020 and May 27th,
2020. The dates were contemporaneous with the ‘shutdown’ of
the hospital to outpatient clinic visits and the subsequent allow-
ance of outpatient clinic visits following decline in COVID-19 cases.
The virtual clinic is part of the existing ReACT program, an inte-
grated multidisciplinary clinic in our hospital for HF patients with
CRT devices. A total of 45 patients were seen at the virtual ReACT
clinic during this period. Forty-three patients were eligible for this
study, while 2 patients were excluded for not having CRT devices.
These patients constituted the Virtual Visit Group (N = 43) and
were compared with patients seen at the ReACT clinic during the
same calendar time period in 2019 (In-Person Visit Group,
N = 39), prior to the COVID-19 Pandemic.
2.2. The virtual multidisciplinary clinic

As described in previous reports [2], the ReACT clinic in our hos-
pital was first established in November 2005 to provide multidisci-
plinary care to HF patients with CRT devices. The ReACT program,
designed to integrate all the available electrical therapies for HF
patients in one setting, was developed in 2015 and built upon
2

the existing CRT clinic. To establish a new virtual model for patient
care during the COVID-19 pandemic, the ReACT team carefully
assessed the existing program and established the following work-
flow for virtual ReACT clinic (Fig. 1):

1. Before each visit, the patient was contacted to confirm the vir-
tual visit’s time and modality (by a Zoom interface integrated
with our Epic electronic medical record or by telephone) and
was instructed to send a remote interrogation the week of their
visit. The remote interrogation was made available to the ReACT
clinic practitioner to discuss with the patient.

2. During the visit, the nurse practitioner and electrophysiologist
would review patients’ self-measured vital signs, symptoms,
clinical events, medications, device interrogation data, along
with the other diagnostic information including any prior
transthoracic echocardiogram (TTE), cardiac MRI, or Holter
monitoring, etc. The nurse practitioner and electrophysiologist
would assess whether there was any need for further diagnostic
evaluation, adjustment for the CRT device or medication
changes.

3. Depending on availability, the HF specialist would either join
during the same call or set up a separate virtual visit for HF
management on the same day.

4. All clinical providers would discuss the patients seen on a tele-
conference at the end of the clinic visit.

5. In comparison to the regular in-person visits to the ReACT
clinic, there was no physical exam, 12-lead electrocardiogram
(EKG), in-person device interrogation, 6-minute-walk test or
in-clinic TTE, which in the past had been used to adjust CRT
device settings if deemed necessary by the supervising
electrophysiologist.

2.3. Data collection procedures

The collection of data for all patients seen in the ReACT clinic
had been approved previously by our institutional IRB committee.
A patient identification log was generated that included all consec-
utive HF patients with CRT devices seen at the ReACT program
between March 18th, 2020 and May 27th, 2020 (Virtual Visit
Group), as well as between March 18th, 2019 and May 27th,
2019 (In-Person Visit Group). Clinical events between March
18th, 2020 and July 1st, 2020 (Virtual Visit Group) and March
18th, 2019 and July 1st, 2019 (In-Person Visit Group) were
included in the analysis. Each patient was given a unique identifier.
Each medical record was reviewed and an initial data collection
form was completed by a trained data collector. Patient demo-
graphics, self-reported vitals and symptoms, comorbidities, device
interrogations, medications, hospitalizations and mortality data
were collected from electronic medical records. The hospitaliza-
tions and mortality data were adjudicated by a second data collec-
tor blinded to the patient’s group, and it was noted that every
patient had seen or spoken to a provider at MGH at or after July
1st, 2020 to confirm any clinical events in the study period. A
patient satisfaction survery of the Virtual Visit Group was con-
ducted over phone call by ReACT clinic staff after the virtual visit
as part of a quality improvement effort to be presented at monthly
Quality Improvement and Safety meetings of the Cardiac Arrhyth-
mia Service. The survey questions were modified from the Tele-
health Satisfaction Scale (TeSS) [3].

2.4. Statistical analysis

Categorical data were expressed as number and percentage, and
continuous data as mean ± standard deviation or median (in-
terquartile range). Chi-square test or Fisher’s exact test (if the
expected count in any cell was < 5) was used for categorical data;



Fig. 1. Remote ReACT Clinic Workflow This figure demonstrates the flow of the remote ReACT clinic, divided in the pre, during, and post clinic phases. See legend for color
correspondence with role as well as shape correspondence with decision or action. This clinic flow was rapidly adapted from the in-person flow shown in Fig. 2. Roles in
administration (front desk), NP/EP, HF, and patient.

Fig. 2. In-Person ReACT Clinic Workflow This figure demonstrates the flow of the in-person remote ReACT clinic. The color legend shows all members involved: the clinical
coordinator, NP/EP, HF, patient, device representative, medical assistant, and front desk.
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Table 1
Patient Demographics.

Variable Virtual Visit Group
(n = 43)

In-Person Visit
Group (n = 39)

P-Value

Baseline Characteristics
Age (SD) 70.4 (13.9) 71.0 (13.9) 0.85
Female (%) 13 (27.9) 10 (25.6) 0.82
NYHA (SD) 2.1 (0.7) 2.1 (0.6) 1.00
Ischemic cardiomyopathy (%) 17 (39.5) 19 (48.7) 0.40
Baseline LVEF% (SD) 28.2 (10.4) 31.2 (11.5) 0.22
Left bundle branch block (%) 27 (62.8) 17 (43.6) 0.08
Comorbidities
Atrial Fibrillation (%) 24 (55.8) 16 (41.0) 0.18
Hypertension (%) 36 (83.7) 30 (76.9) 0.44
Diabetes Mellitus (%) 10 (23.3) 8 (20.5) 0.76
Chronic Kidney Disease (%) 14 (32.6) 12 (30.8) 0.86
Medications
ACE Inhibitor or ARB (%) 18 (41.9) 20 (51.3) 0.51
Sacubitril / Valsartan (%) 16 (37.2) 10 (25.6) 0.34
Beta-Blocker (%) 38 (88.4) 31 (79.5) 0.27
Loop Diuretics (%) 32 (69.8) 16 (41.0) 0.01
Spironolactone (%) 15 (34.9) 6 (15.4) 0.05

Table 2
Clinical Findings during Virtual Multidisciplinary Visit.

Patient Reported Vitals and Symptoms (N = 43, %)
Patients who recorded weight 20 (46.5)

Patients who recorded blood pressure 11 (25.6)
Chest pain 0 (0.0)
Shortness of breath 3 (7.0)
Fatigue 4 (9.3)
Palpitations 2 (4.7)
Syncope or Pre-syncope 1 (2.3)
Lower extremity edema 0 (0.0)
Phrenic nerve stimulation 1 (2.3)
Remote Device Interrogations (N = 43, %)
DDD or DDDR mode 33 (76.7)
VVI or VVIR mode 10 (23.3)
Percentage of BiV pacing (SD) 95.17 (10.0)
Presence of AF 10 (23.7)
Thoracic impedance (N = 35, %)
Stable 23 (65.7)
Increasing 10 (28.6)
Decreasing 2 (5.7)
Activity level (N = 39, %)
<1 h daily 13 (33.3)
1–2 h daily 17 (43.6)
2–4 h daily 4 (10.3)
>4 h daily 5 (12.8)
Device fluid diagnostics (N = 32, %)
HeartLogic score � 16 1 (3.1)
Rising Optivol fluid index 1 (3.1)
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student’s t-test was used for continuous data. All tests were two
sided and p-value of < 0.05 was considered statistically significant.
Statistical analyses were conducted with Microsoft Excel 2011
software version 14.2.0 (Microsoft Corp, Redmond, WA).

3. Results

3.1. Patient demographics

During the period of March 18th, 2020 to May 27th, 2020, a
total of 43 HF patients with CRT devices were seen at the virtual
multidisciplinary clinic of the ReACT program (Virtual Visit Group).
In comparison, between March 18th, 2019 to May 27th, 2019, 39
HF patients with CRT devices were seen at the in-person clinic of
the ReACT program (In-Person Group). In the Virtual Visit Group,
21 patients (48.8%) had their first-ever ReACT clinic visit as a vir-
tual visit; 22 patients (51.2%) had prior in-person ReACT clinic vis-
its before the first virtual visit. Patient characteristics can be seen
in Table 1. The mean age was 70.4 ± 13.9 years; 13 patients
(27.9%) were women; 17 patients (39.5%) had ischemic cardiomy-
opathy and 27 patients (62.8%) had left bundle branch block pat-
tern on the baseline EKG. The average left ventricular ejection
fraction was 28.2 ± 10.4% and the mean NYHA functional class
was 2.1 ± 0.7. These measures were not significantly different from
the In-Person Visit Group (P > 0.05 for all). The prevalence of atrial
fibrillation (55.8%), hypertension (83.7%), diabetes (23.3%) and
chronic kidney disease (32.6%) in the Virtual Visit Group was also
similar to the In-Person Visit Group (P > 0.05 for all). The use of
loop diuretics (69.8% vs. 41.0%, P = 0.01) and spironolactone
(34.9% vs. 15.4%, P = 0.05) were more common in the Virtual Visit
Group. The use of ACE inhibitors/angiotensin receptor blocker or
sacubitril/valsartan was not significantly different between the
groups; it should be noted that more patients were on sacubitril/-
valsartan in the Virtual group, reflecting wider usage and market
adoption over time. Overall, patient demographics of the Virtual
Visit Group were comparable to the historic In-Person Visit Group.

3.2. Clinical findings and interventions during virtual multidisciplinary
Visit

Of the 43 patients who presented for virtual multidisciplinary
visits, 20 patients (46.5%) reported their self-recorded weight and
11 patients (25.6%) reported self-recorded blood pressure (Table 2).
During the virtual visits, 12 patients had either potential cardiac
symptoms or significant device interrogation findings that
required clinical intervention, including medication changes and/
or in-person device adjustments. Seven patients reported potential
cardiac symptoms, including 3 patients (7.0%) with dyspnea on
exertion, 2 (4.7%) with palpitations, 2 (4.7%) with fatigue, 1
(2.3%) with dizziness, 1 (2.3%) with recurrent belching and nausea
(Table 2). Device interrogation showed the mean percentage of
biventricular pacing was 95.2%, with 33 patients (76.7%) having
at least 95% biventricular pacing (Table 2). One patient who devel-
oped recurrent belching and nausea was suspected to have phrenic
nerve stimulation on device interrogation. In addition, 1 patient
developed new onset of atrial fibrillation, and 3 patients had fre-
quent premature ventricular contractions. HeartLogic score was
recorded for 19 patients with Boston Scientific devices, while Opti-
Vol fluid index was collected for 20 patients with Medtronic
devices. Two patients had evidence of fluid overload on device
diagnostics (one with HeartLogic score � 16 and the other with ris-
ing OptiVol fluid index) (Table 2, Supplemental Table 1).

Clinical findings during the virtual visits led to further evalua-
tions and interventions. For example, the patient with suspected
phrenic nerve stimulation underwent reprogramming of LV pacing
polarity after they were brought in for an in-person visit, while a
4

second patient noted to have LV non-capture (Table 3) was sched-
uled for an elective admission for lead extraction and placement of
a new coronary sinus lead. One patient with clinical signs of vol-
ume overload and rising OptiVol fluid index had outpatient adjust-
ment of diuretic doses and was started on sacubitril-valsartan. At
the other extreme, several patients with a high level of physical
activity noted on device interrogation, along with a history of clin-
ical improvement were considered to be ‘responders’ to CRT and no
adjustments were made to their medications or device settings.
Details of the clinical findings and corresponding interventions
for each patient are shown in Table 3. During the study period,
12 patients (28%) graduated from virtual multidisciplinary clinic
and started regular cardiology follow-up.
3.3. Patient satisfaction survey after virtual multidisciplinary Visit

In the patient satisfaction survey conducted for the Virtual-Visit
Group, 21 patients (48.8%) were reached by the clinic staff over



Table 3
Clinical Interventions Based on Findings During Virtual or In-Person Visit.

Patient
ID

Clinical Findings Interventions

3 Worsened dyspnea and weight
gain, with rising OptiVol fluid
index to 80, frequent PVCs

Adjusted diuretic dose, added
sacubitril-valsartan

6 Dizziness Discontinued spironolactone
8 Repeated belching and nausea Diagnosed phrenic nerve

stimulation; reprogrammed LV
pacing polarity during
subsequent in-person visit

9 New AF Started apixaban
16* Frequent PVCs Continued to monitor
19 Frequent PVCs Increased metoprolol dose
23 Fatigue and decline in stamina Lead extraction was performed

for LV lead noncapture and a
new LV lead was implanted.

38 Frequent PVCs Ordered Holter monitor which
showed PVC burden of only
1.6%

39 HeartLogic score � 16 Patient was asymptomatic with
stable weight, so no further
intervention was taken, but was
flagged for close follow-up

40 Decreased activity tolerance, AF
with rapid ventricular rate

Increased metoprolol dose for
rate control

41 Palpitations Started mexiletine for
suppression of PVCs

42 Dyspnea Continued to follow as it was
chronic and likely related to
severe mitral regurgitation

* Patient No.16 passed away during the follow-up period after being admitted to
OSH for ‘‘suspected pneumonia”, without mentioning the result of COVID-19 test.
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phone call to answer all or some of the questions on the question-
naire (Table 4). Twenty-two patients (51.2%) either could not be
reached over the phone or declined to answer the survey ques-
tions. Among patients who answered survey questions, majority
of them (>90%) reported either very satisfied or satisfied with the
ease of using telehealth and the clinical care they received during
the virtual clinic (Table 4, and Fig. 3); every patient (100%) said
they would like to use telemedicine again.

3.4. Clinical events during Follow-up

For the Virtual-Visit Group, during a median follow-up period of
82 days (IQR 61–96 days), no patients had hospitalization for HF-
or arrhythmia-related issues, although as noted above, one patient
was found to have LV non-capture leading to an elective procedure
for lead extraction and replacement of the coronary sinus lead.
While no patients had a confirmed diagnosis of COVID-19, one
patient passed away after being diagnosed with pneumonia at an
outside hospital without COVID testing being noted. One patient
had upper respiratory infection symptoms and was instructed to
self-quarantine without being tested for COVID-19, and one
patient had a hospital admission for a leg ulcer needing vascular
surgery intervention. No patients had other major cardiac events.
In comparison, the In-Person Visit Group had two patients admit-
ted for HF during a median follow-up period of 66 days (IQR 45–
80 days), otherwise no major cardiac events. Compared with the
In-Person Visit Group, there was no significant increase in mortal-
ity or major cardiovascular events in the Virtual-Visit Group (2.3%
versus 5.1%, P = 0.60).
4. Discussion

While other studies have described the use of telemedicine for
patient care during the COVID-19 pandemic [4,5], to our knowl-
5

edge, this is the first study to evaluate the adoption of virtual mul-
tidisciplinary clinic for HF patients with CRT devices during the
COVID-19 Pandemic [6]. The study demonstrated that the virtual
clinic achieved good patient satisfaction and did not lead to
increased cardiac events or mortality for HF patients with CRT
devices during a short follow-up period. Communication via the
virtual platform and remote device interrogation promptly trig-
gered appropriate clinical intervention, as detailed in Table 3. No
major adverse event including cardiovascular death, cardiac hospi-
talization or confirmed COVID-19 infection occurred during the
follow-up period.

The mandate of social distancing to curb virus transmission in
the healthcare setting during the COVID-19 pandemic has acceler-
ated the transition of routine clinics into virtual visits [1]. Recent
studies have reported 41–62% of reduction in acute HF hospitaliza-
tions during the COVID-19 pandemic [7,8], possibly due to HF
patients avoiding or delaying care due to fear of COVID-19. The
short-term results of our study would therefore need to be inter-
preted with caution. Nevertheless, our study showed that at least
for a short period, this transition could be carried out with existing
clinical staffs and infrastructure without compromising clinical
outcomes.

HF patients with recently implanted CRT devices are often chal-
lenging to manage due to their cardiac and non-cardiac comorbidi-
ties. The virtual multidisciplinary clinic is an extension of the well-
established ReACT program specifically designed for these high-
risk patients. Our experience has shown that this multidisciplinary
approach could significantly improve the post-device implant care
through optimizing device programming and pre-emptively inter-
vening upon potential non-responders of CRT [2]. Studies have also
shown that remote monitoring of implantable defibrillators could
achieve similar clinical outcomes compared with in-person device
follow-ups [9,10]. It is encouraging to see that via virtual visits and
remote monitoring, the majority of the functions of the ReACT
clinic could be achieved on a virtual platform. Such experiences
could be valuable for the future design and implementation of a
virtual care model for high-risk patients with multiple cardiac
comorbidities.

In the meantime, we should also recognize that the current vir-
tual platform has not fully satisfied the clinical needs of our patient
population. For example, only 46.5% of patients reported weight
and merely 25.6% of patients reported blood pressure during the
virtual visit. Weight and blood pressure management are funda-
mental for the care of HF patients. EKG and echocardiographic test-
ing have been critical for evaluation of CRT performance in this
clinic, and whether the lack of these modalities translate to worse
longer-term outcomes is not clear. Although there are many plat-
forms for patients to monitor these parameters at home, an appar-
ent gap exists in how to integrate these platforms into our virtual
care flow [11]. For physical exam, the device pocket, lower extrem-
ity edema and jugular venous distention, etc. could all be visual-
ized through live video streaming; while a digital stethoscope
has been developed for the auscultation of the heart and lungs dur-
ing virtual visit but was not performed here [11].

It is important to note that the utilization rate of guideline-
directed medical therapy (GDMT) particularly the adoption of
Angiotensin Receptor Neprilysin Inhibitors (ARNI) for HF was not
ideal in our cohort, partly because many patients in our cohort
were followed by local cardiologists and the penetrance of
guideline-directed medical therapy in the community would take
time to improve. Also, the rate of baseline HF medication use in
our paper only reflected one time point prior to the procedure,
while the longitudinal trend had directed towards improved uti-
lization rate of GDMT. For example, the rate of vasodilator use (in-
cluding ACEI/ARB, ARNI) in our cohort was 79.1% in the Virtual
Visit group in 2020, which was improved from 76.9% the In-



Table 4
Patient Satisfaction Survey For Virtual Clinic Patients.

Very
Satisfied

Satisfied Fair Not
Satisfied

Poor NA

1. The length of time to get an appointment with telehealth? 16 2 1 0 0 22
2. The ease of getting to the telehealth site? 13 4 2 0 0 24
3. The length of time waiting in the office at telehealth? 14 4 2 0 0 23
4. The length of time with the specialists you saw? 16 3 2 0 0 22
5. The explanation of your condition by the specialist? 12 6 1 0 0 24
6. The explanation of your treatment by the specialist including medications added or changed? 14 4 2 0 0 23
7. The thoroughness, carefulness, and skillfulness of the specialists you saw? 16 2 2 0 0 23
8. The courtesy, respect, sensitivity, and friendliness of the specialists you saw? 19 2 0 0 0 22
9. The ease of connection with the device clinic for monitoring your device? 12 4 1 0 0 26
10. How well the staff here answered your questions about your pacemaker or ICD? 16 4 1 0 0 22
11. How well the staff treated you with respect? 19 2 0 0 0 22
12. Your overall treatment experience at ReACT telehealth with seeing multiple providers in one

telehealth visit?
18 3 0 0 0 22

Yes No
13. Would you use Telehealth again? (yes or no) 21 0 22
14. Would you recommend telehealth to another person (yes or no) 21 0 22

(NA = Not able to reach patient or patient did not answer the questions)
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Person Visit group in 2019, primarily driven by the increased adop-
tion of ARNI to 37.2% in 2020 from 25.6% in 2019. Still, some
patients may not be able to tolerate sacubitril-valsartan due to
hypotension or kidney disease. In addition, some of the HF medica-
tions, including sacubitril-valsartan, had expensive copays that
patient might have difficulty paying for the drugs, but which have
become more accessible over the past year.

Some device algorithms such as the Medtronic OptiVol or the
Boston Scientific HeartLogic algorithm integrates data from a
diverse set of implanted sensors in the CRT device to give the clin-
6

ician a metric to follow in terms of heart congestion [12,13,14]. In
certain cases, these device diagnostic data could provide objective
evidence of clinical changes especially when in-person physical
exam is not available [12,13,14]. At the present time, no prospec-
tive studies have shown that the use of OptiVol or HeartLogic could
improve HF outcomes. How to integrate these technological solu-
tions into an effective virtual platform requires further study, but
we provide examples where device diagnostics led to further inter-
ventions, alteration in the type of follow-up, or were helpful in
confirming a favorable response to CRT. Twelve-lead EKG, one of
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the most important diagnostic modalities for the CRT clinic, is
another missing part in the virtual clinic. Currently, most
application-based EKG monitoring or wearable devices can only
take single-lead EKG [11]. Whether these single-lead EKG data
could help with remote CRT evaluation is unknown. Interestingly,
a recent study reported using Apple Watch to record single-lead
EKGs at 3 different positions to achieve more accurate assessment
of QT interval [15]. Similar techniques may be applied to remote
CRT evaluation in the future. In-person visits are also necessary
to obtain TTEs to evaluate ventricular function and identify
dyssynchrony. Therefore, in the foreseeable future, the long-term
management of HF patients with CRT devices will likely require a
combination of virtual and in-person visits.

The COVID-19 pandemic has accelerated the transition from the
traditional model to a virtual care model that leverages the
advances in remote monitoring, wearable devices, smartphone
and video streaming platforms in a favorable policy environment
[1,16]. At the present time, this transition is still in an early phase
and much work is needed to effectively integrate the technological
solutions into a virtual care platform. Data is also lacking on the
impact of such a major transition and whether the new model
could achieve equivalent or even superior clinical outcomes. It is
foreseeable that some of the shifts during the COVID-19 pandemic
will stay for the long-term, and a hybrid model involving both vir-
tual and in-person care will likely become a new norm.

4.1. Limitations

Our study is a single-center, retrospective cohort study with a
relatively small sample size and short follow-up period. Addition-
ally, we were only able to reach half the patients for a follow-up
patient survey. Although a historic cohort was used for compar-
ison, no conclusion can be drawn on whether the virtual multi-
disciplinary clinic is equivalent, superior or inferior to the in-
person ReACT clinics. Prospective randomized studies to directly
compare virtual or hybrid care model versus in-person only model
are needed, but beyond the scope of this initial feasibility study.
Further, the patient population of our hospital may not be repre-
sentative of the general patient population, so the safety and effi-
cacy outcome of the virtual visits may not apply to other HF
patients with CRT devices. In addition, passive endpoint assess-
ment from one hospital system’s electronic health record may be
insufficient to identify hospitalizations and mortality, although
this was somewhat mitigated by the fact that all of patients had
subsequent clinical visits or telephone contact with providers doc-
umented in the EMR to corroborate the lack of clinical endpoints.
As mentioned above, the current virtual multidisciplinary clinic
is a developing and incomplete model, for which further improve-
ment is needed.

5. Conclusions

The study demonstrated that virtual multidisciplinary clinic
was not associated with short-term increase in adverse events
for HF patients with CRT devices during the COVID-19 pandemic.
Communication via the virtual platform and remote device interro-
gation promptly triggered appropriate clinical intervention. While
this pilot venture was promising, at this point, no definitive conclu-
sions can be drawn about the long-term sustainability of the vir-
tual clinic model or whether virtual clinic is equivalent, superior
or inferior to the in-person clinic. In the foreseeable future, a com-
bination of virtual and in-person clinic is likely required to meet
the clinical needs of HF patients with CRT devices and other
patients with complex cardiac comorbidities. Further studies are
required on how to integrate the various technological advances
into a unified virtual platform to achieve optimal patient outcome.
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