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Background The coronavirus disease 2019 (COVID-19) pandemic has resulted in drastic changes to the practice of medicine,
requiring healthcare systems to find solutions to reduce the risk of infection. Using a case series, we propose a
protocol for same-day discharge (SDD) for selected patients undergoing transcatheter aortic valve replacement
(TAVR) using real-time remote cardiac monitoring. Six patients with severe symptomatic aortic stenosis underwent
TAVR and were discharged on the same day.

...................................................................................................................................................................................................
Case summary Six patients with symptomatic severe native or bioprosthetic aortic valve stenosis underwent a successful transfemoral

TAVR using standard procedures, including the use of rapid atrial pacing to assess the need for permanent pacemaker
implantation. Following TAVR, patients were monitored on telemetry in the recovery area for 3 h, ambulated to as-
sess vascular access stability, and discharged with real-time remote cardiac monitoring if no new conduction abnor-
mality was observed. The patients were seen by tele-visits within 2 days and 2 weeks after discharge.

...................................................................................................................................................................................................
Discussion Amidst the COVID-19 pandemic, SDD following successful transfemoral TAVR may be feasible for selected

patients and reduce potential COVID-19 exposure.
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Learning points
• Same-day discharges after a transcatheter aortic valve replacement (TAVR) is feasible in the presence of real-time remote cardiac

monitoring.
• Rapid atrial pacing can be used to select patients for same-day discharge protocol post-TAVR.
• Real-time remote cardiac monitoring is an integral tool for a safe same-day discharge TAVR protocol.
• Same-day discharge to selected patients might be of benefit in preventing potential exposure during the COVID-19 pandemic.
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Introduction

Amidst the coronavirus disease 2019 (COVID-19) pandemic, gov-
ernments across the world have taken measures to contain the
spread of the disease resulting in unique pressures on healthcare sys-
tems to find solutions to deliver care and mitigate the risk of infec-
tion.1 Initially, the Center for Disease Control recommended
postponing elective procedures to prevent unnecessary exposure
and infection to the patients and healthcare workers.2 The current
pandemic coupled with a need to minimize the risk for COVID-19 in-
fection has led many physicians and hospitals to revise current pro-
cedural protocols to reduce hospital admission, length of stay, and
limit exposure while still continuing to provide evidence-based treat-
ment options.3,4

Transcatheter aortic valve replacement (TAVR) is a well-
established alternative to surgical aortic valve replacement for the
treatment of severe aortic stenosis (AS) or bioprosthetic aortic valve
dysfunction.5 Despite reductions in a majority of periprocedural
complications (e.g. death, stroke, bleeding, and major vascular), com-
plete heart block (CHB) and/or high-degree atrioventricular block
(HAVB) requiring permanent pacemaker placement remain a persist-
ent limitation of TAVR.6 With a growing trend towards using routine
conscious sedation, early ambulation and recovery is feasible follow-
ing TAVR and rhythm monitoring (24–48 h) is typically the major bar-
rier for early discharge. A single case report of a patient being
discharged 6 h after TAVR has been reported previously.7 In light of
the current pandemic, we implemented a same-day discharge (SDD)
protocol for select patients following TAVR.

Timeline

Case series

We present a case series of six patients who underwent transfemoral
TAVR and were discharged the same day with a real-time remote
heart rhythm monitor (BodyGuardianVR Mini—a single-lead monitor
patch), which allows for continuous rhythm monitoring with an alert
system for the presence of CHB/HAVB.8 The description of the
details of each case is presented in Table 1. The decision to undergo
TAVR was made following a multidisciplinary Heart team discussion
and patient preference. The SDD protocol was developed in re-
sponse to the COVID-19 pandemic to reduce healthcare exposure
for necessary hospital procedures. All patients tested negative for
COVID-19 prior to the procedure. All patients considered for SDD
included those who were ambulatory and living independently with
adequate social support at home and/or from supervised facilities

• A 94-year-old female with severe symptomatic bioprosthetic valve
dysfunction underwent valve-in-valve TAVR with no post-
procedural complications.

• A 57-year-old male with severe symptomatic bicuspid low-flow
low-gradient severe AS underwent TAVR with no post-
procedural complications.

• An 87-year-old female with severe symptomatic high-gradient se-
vere AS underwent TAVR. Immediately post-procedure, she
developed a new left bundle branch block and underwent an elec-
trophysiology study suggesting normal AV node and bundle of His
conduction.

• A 72-year-old male with severe symptomatic high-grade bicuspid
aortic stenosis underwent TAVR with no post-procedural
complications.

• An 80-year-old male with symptomatic mixed severe aortic sten-
osis and moderate aortic insufficiency underwent TAVR with no
post-procedural complications. Rapid atrial pacing as performed
post-TAVR, and Wenckebach developed at a paced rate of 110
beats per minute.

• A 74-year-old male with severe symptomatic high-gradient AS
underwent TAVR with no post-procedural complications. Rapid
atrial pacing was performed post-TAVR without evidence of
Wenckebach.

All six patients were discharged with a real-time remote heart
rhythm monitor for 14 days post-procedure and recovered without
complications. These patients were seen by tele-visits within 2 days
and 2 weeks of discharge and reported significant symptomatic im-
provement. None of the patients had any complications.

Discussion

Following transfemoral TAVR, discharge within 1–2 days is achievable
in most patients. The major impediment to early discharge following
TAVR is the need for further rhythm monitoring to determine the
need for pacemaker implantation. However, SDD is feasible in
patients with a pre-existing permanent pacemaker/implantable
cardioverter-defibrillator (PPM/ICD) or with the use of a real-time
remote heart rhythm monitor, as demonstrated in our case series.
Using a rhythm monitoring system that is continuously monitored

Outpatient All six patients were seen in the outpatient clinic

with complaints of shortness of breath; workup

revealed severe symptomatic aortic valve stenosis.

Patients qualified for transcatheter aortic valve re-

placement (TAVR)

Operative

procedure

Arrived at the pre-/post-procedure recovery area

and pre-operative ECG was performed. Patients

undergo standard TAVR procedures and are

monitored in the recovery area. Two patients

were identified for rapid atrial pacing (RAP) post-

procedure; no Wenckebach on RAP and ECG un-

changed from baseline without pre-existing left

bundle branch block. All six patients were dis-

charged on the same day after 3 h (ambulated

multiple times to assess vascular stability) with

real-time remote cardiac monitoring.

Post-

procedure

Tele-visit the next day, 2 weeks, and 30 days later

following TAVR with no complication and signifi-

cant symptomatic resolution.

2 D. Rai et al.
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Figure 1 Transcatheter aortic valve replacement same-day discharge protocol.
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..with the capability of alerting both the patient and physicians immedi-
ately of any conduction disturbances is invaluable in establishing rou-
tine SDD for selected TAVR patients. Our proposed SDD protocol
for TAVR is presented in Figure 1. The use of rapid atrial pacing (RAP)
immediately following TAVR has a 99% negative predictive value for
pacemaker implantation and can help risk-stratify patients in the man-
agement of post-TAVR conduction disturbances.9 We incorporated
RAP (i.e. pacing wire is positioned in the right atrium and pacing is
performed starting at 70 beats per minute and increased by 10 beats
per minute every 20 beats to a maximum of 120 beats per minute to
assess for the development of Wenckebach—Figure 2) into our
TAVR procedural protocol shortly after publication and currently
perform measurements on all patients who do not have sustained
heart block, pre-existing pacemaker, or chronic atrial fibrillation.9 In

our case series, RAP was performed on the last two of the six SDD
cases and all patients were discharged with remote monitoring
(Figure 3 shows the results of remote monitoring). Patient 5 devel-
oped Wenckebach at 110 beats per minute. The positive predictive
value for pacemaker implantation is quite poor for patients who de-
velop Wenckebach with RAP, where only 13% of patients who de-
velop Wenckebach ultimately undergoing pacemaker implantation,
thus, we discharged Patient 5 with remote monitoring.9 Patient 5 had
a normal ECG pre-TAVR and was unchanged following the proced-
ure. Given the absence of any underlying conduction disturbance on
the pre-and-post-TAVR ECG, we felt this patient could be safely dis-
charged on the same day. A negative RAP test (i.e. no Wenckebach)
is very informative due to its strong negative predictive value.
However, a positive RAP test is less helpful, and SDD candidacy

Figure 2 Rapid atrial pacing-induced Wenchebach atrioventricular block in patient immediately after transcatheter aortic valve replacement. (A)
Baseline sinus rhythm at 60 beats/min (arrow denotes P-wave). (B) Wenckebach atrioventricular block (AVB) with rapid atrial pacing (RAP) at 90
beats/min (arrowhead denotes pacing spike, brackets denote prolonging PR interval, and asterisk denotes missed atrioventricular conduction) (image
from Krishnaswamy et al.9).

Figure 3 Top panel shows the heart rate in the real-time along with the rhythm; the bottom panel shows the single-lead electrocardiogram as
recorded via real time remote monitoring.
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should rely more on a careful assessment of the pre-and-post-TAVR
ECGs.

As shown in Figure 1, we identify patients without a pre-existing
PPM/ICD for SDD based on a comparison of the pre-and-post-
TAVR ECG (i.e. post-TAVR ECG unchanged from baseline) and the
results of the RAP study. In our case series, Patient 3 was an excep-
tion to our proposed protocol. Patient 3 developed a new left bundle
branch block (LBBB) with a QRS interval of 154 ms following TAVR.
Traditionally, we would monitor patients with a new LBBB overnight
and consider performing an electrophysiology (EP) study to assess
the HV interval based on the ECG the day after the procedure. In this
case, an EP study was performed on the same day as the TAVR
procedure and was normal. Thus, we felt the patient could be safely
discharged on the same day. Despite the utility of an EP study in post-
TAVR conduction disturbances, routine performance of an EP study
on the same day as TAVR has the potential for a false-positive result
due to transient conduction disturbances that may occur from
trauma and subsequent oedema related to the procedure, which can
resolve over time. At this time, patients with a new LBBB may not be
ideal candidates for SDD. The use of RAP may be helpful in patients
with a new LBBB as the risk of pacemaker implantation was low in
patients who did not develop Wenckebach with post-TAVR RAP.9

However, further investigation is needed to determine if using RAP
can help further risk-stratify patients with a new LBBB and identify
them as potential SDD candidates.

Early discharge (<3 days) following transfemoral TAVR is safe
without any increase in post-procedural complications.10,11 Next-day
discharge predictors after TAVR include male gender, younger age
(79 ± 8.7 years), absence of atrial fibrillation, and lower serum cre-
atinine.12 The majority of our patients also had these predictors of
next-day discharge for TAVR, which suggests that these predictors
may be applicable for SDD.12 Patients with a pre-existing PPM or
ICD should be considered SDD candidates in the absence of any pro-
cedural complications, and it may be advantageous to schedule these
patients accordingly (i.e. first or second case), given the high likeli-
hood for SDD. Since an underlying right bundle branch block (RBBB)
is the strongest predictor for PPM following TAVR, we feel strongly
that patients with a pre-existing RBBB should not be discharged on
the same day as their procedure. After identification, potential SDD
candidates are recovered on telemetry in the catheterization labora-
tory pre-/post-procedure recovery unit, ambulated within 3 h of the
procedure, and discharged 4 h after the procedure with a real-time
remote home rhythm monitor. In our case series, all patients under-
went TAVR using a balloon-expandable valve (i.e. SAPIEN 3 or
Ultra). Thus, our protocol may only apply to balloon-expandable
valve systems due to higher rates of PPM implantation in non-
balloon-expandable valve systems (e.g. self-expanding system).13

The advantages of SDD include a shorter length of stay, which
improves resource utilization, enhances patient satisfaction, and, in
the current era, minimizes potential COVID-19 exposure. The disad-
vantages include the inability to provide an immediate direct assess-
ment of patient with any post-procedural complication. Albeit, we
feel the latter risk should be significantly minimized by selecting po-
tential candidates for SDD. The COVID-19 pandemic has challenged
our current practices of care, and solutions such as SDD TAVR can
reduce the risk of infection, reduce hospital costs/resources, and

increase patient satisfaction. Further prospective studies are needed
to determine if these practices should be routinely used following the
COVID-19 pandemic.
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