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Abstract
Background At peak COVID-19 lockdown, patients with symptomatic atrial fibrillation (AF) were faced with an equipoise
between a palliative rate-control versus cautious rhythm-control strategy, including hospitalization for initiation of antiarrhythmic
drug/s (AADs) and cardiac procedures which was impossible due to hospitalization restrictions.
Objectives We aimed to evaluate the efficacy and safety of outpatient initiation of dofetilide in patients with AF using cardiac
implantable electronic devices (CIEDs) for rhythm and QTc interval monitoring.
Methods Adult patients with symptomatic AF with prior failure or intolerance to other AADs were enrolled if they were willing
to in-office insertion of implantable loop recorders or already implanted with pacemakers or defibrillators capable of remote
monitoring. Exclusion criteria were knownmedical contraindications of dofetilide and unable to provide consent. After making a
shared management decision, dofetilide was initiated in a physician office, and rhythm and QTc intervals were monitored by
ECGs and CIEDs. Patients were followed to assess the efficacy and safety of the treatment.
Results The study cohort comprised of 30 patients, age 76 ± 7 years (mean ± standard deviation), 10 female (33%), CHA2DS2-
VASc score 3.25 ± 1.3, ejection fraction 63.45% ± 8.52, and QTc interval 431.68 ± 45.09 ms. From 22 (73%) patients in AF at
presentation, SR was restored in 14 (64%) patients after 4 doses of dofetilide. At 46 ± 59 days of follow-up, maintenance of SR in
total 22 (73%) patients without cardiac adverse effects was accomplished.
Conclusion Effective and safe outpatient initiation of dofetilide during the extenuating circumstance of COVID-19 lockdown
was possible in patients with AF who had CIEDs.

Keywords Dofetilide . Atrial fibrillation . CIED . Remote monitoring . Antiarrhythmic drugs . SARS-CoV-2 corona virus .

COVID-19 lockdown

1 Introduction

The SARS-CoV-2 corona virus (COVID-19) pandemic has a
profound impact on health care globally. At the peak of
COVID-19, most hospitals closed or limited their inpatient
admissions for patients with non-COVID illnesses, routine
surgeries, and procedures. Given the real fear of the increased
risk of viral transmission, caring for their patients with
established non-COVID-19 illnesses and co-morbidities

remains significantly difficult for physicians. Various new
and innovativemethods, including telemedicine, have become
acceptable methods for providing counselling, follow-up, and
treatment to patients. In such a situation, many patients with
disabling and repetitive symptoms from paroxysmal and per-
sistent atrial fibrillation (AF) and atrial flutter (AFL) despite
multiple antiarrhythmic drugs (AADs), prior cardioversions to
restore sinus rhythm (SR), some with cardiovascular implant-
able electronic devices (CIEDs), i.e., permanent pacemakers
(PPMs), implantable cardioverter-defibrillators (ICDs), and
implantable loop recorders (ILR), and some awaiting AF ab-
lation but unable to do so due to the COVID-19 lockdown had
to maintain an equipoise between a cautious and innovative
intervention for the restoration and maintenance of SR versus
a palliative rate-control strategy.

Dofetilide, a Vaughn-Williams class III AAD, with its se-
lective blocking of the rapid component of the delayed recti-
fier outward potassium current (IKr), lack of toxicities such as
bradycardia or betablockade effects, pulmonary and hepatic
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damage, becomes a viable treatment option in select patients
with AF. The Danish Investigations of Arrhythmia and
Mortality ON Dofetilide-Myocardial Infarction and
Congestive Heart Failure (DIAMOND-MI and DIAMOND-
CHF), the Symptomatic Atrial Fibrillation Investigative
Research on Dofetilide (SAFIRE-D), and the European and
Australian multicenter evaluative research on atrial fibrillation
dofetilide (EMERALD) trials demonstrated the effectiveness
of dofetilide in restoring and maintaining SR long term by
chemical cardioversion of AF and AFL, and no adverse effect
on mortality rates even in severely ill patients with left ven-
tricular dysfunction and advanced heart failure [1–4]. The
association between being in SR and lower mortality was also
established in these trials [5]. However, a small but significant
risk of QTc prolongation and development of torsades de
pointes (TdP) polymorphic ventricular tachycardia was also
observed with dofetilide leading to the recommendations that
dofetilide be initiated in a hospital setting with continuous
telemetry rhythm monitoring [6].

The purpose of this study was to evaluate whether
dofetilide could be initiated effectively and safely as an out-
patient in a select group of patients in whom continuous te-
lemetry monitoring may be performed by CIEDs during the
extenuating circumstances created by the COVID-19
pandemic.

2 Methods

2.1 Study design

In this prospective clinical longitudinal study, conducted in a
real-world practice setting, patients who had not responded to
or had significant side effects from conventional AAD therapy
and who could not be referred for ablation or cardioversion
due to denial for hospital admissions, and reluctance to get
hospitalized from COVID-19 pandemic lockdown situation
that began in mid-February 2020 were considered for enroll-
ment. Only patients who met the following inclusion criteria
were enrolled: (i) age > 18 years, (ii) symptomatic paroxysmal
or persistent AF that did not respond to or experienced signif-
icant side effects with other conventional AADs, and (iii) al-
ready implanted with CIEDs, i.e., PPMs for sinus node dys-
function, or ICDs for primary prevention of sudden cardiac
death, and ILRs for AF management, or willingness for inser-
tion of ILRs in physician’s office. Exclusion criteria for
dofetilide initiation were (i) significant renal insufficiency
(creatinine clearance < 20 mL/min), (ii) significant prolonged
QTc (> 460 ms) at baseline, (iii) bradycardia, heart rate < 60
bpm, (iv) high grade to complete heart block causing ventric-
ular pacing dependency, (v) a history of long QT syndromes,
(vi) uncorrectable electrolyte and metabolic disturbances, (vii)
contraindication to anticoagulation, (viii) any other known

medical contraindications of dofetilide, and (ix) unable to pro-
vide informed consent.

After making a shared decision treatment plan following
discussion and full disclosure about the benefits and risks of
the drug, dofetilide was started in a modified controlled setting
in patients with an adequate anticoagulation status. All PPMs
and ICDs were programmed to provide a lower rate pacing at
70 beats per minute. Given different types of CIEDs and their
manufacturers, ventricular high rate detection programming
were individualized but as close as possible to detect > 160–
170 beats per minute. Baseline characteristics, laboratory data,
and medical history including dose strengths and total number
and adjustment of doses, discontinuation, and occurrence of
arrhythmias and adverse effects were recorded.

2.2 Dofetilide protocol

Treatment with dofetilide was initiated in a physician’s office
facility equipped to provide advanced cardiac life support if
necessary. All patients had their renal and hepatic function
assessed prior to initiating treatment. Furthermore, all patients
were appropriately anticoagulated prior to initiating treatment.
Patients were started on the optimal dose calculated based on
creatinine clearance (CrCl) using the Cockcroft formula.
Dosages of dofetilide were 500 microgram (mcg) twice a
day (bid), 250 microgram bid, and 125 microgram bid for
patients with CrCl > 60 mL/min, 40 to 60 mL/min, and 20
to 40 mL/min respectively. Patients with significant renal in-
sufficiency (CrCl < 20 mL/min) were not included in the
study. Dofetilide was discontinued if after the second dose
of dofetilide QTc prolonged to > 500 ms. Subsequently, the
dose was adjusted based on the results of cardiac monitoring,
if necessary [7].

On the day of the drug initiation, patients were asked to bring
their CIED monitors with them to their office visit. They were
instructed that their visit would last a minimum of 3 h, during
which time they would take their first dose of dofetilide around
8.00 a.m. A 12-lead ECG was obtained to establish a baseline.
Besides being monitored with a continuous cardiac telemetry via
CIEDs for a minimum of 2 h, a mandatory manual transmission
was obtained from the patient’s CIED at 1 h. Two hours after
taking their initial dose, a 12-lead ECG was obtained. If no QTc
changes were observed on CIED transmission or ECG, the pa-
tient was sent home and instructed to take a 2nd dose 12 h later
and transmit a mandatory reading from their CIED monitor 1 h
after taking dofetilide and development of any concerning symp-
toms such as dizziness. The procedure was repeated on their day
2 and day 3 office visit including CIED transmission. Provided
no QTc changes or adverse cardiac events were observed, the
patients were sent home with instructions to return in 1 week, 2
weeks, and 3 weeks. Patients were instructed to perform CIED
transmission at least once during theweek andwhenever deemed
necessary. For each return visit, the above protocolwas followed.
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CIED transmission-based monitoring would thus provide more
than 3 days of recommended rhythm monitoring for in-patient
initiation of dofetilide in patients without CIEDs.

Very close clinical follow-up was maintained by means
of frequent telephone and audio and video telemedicine
consultations. Patients were asked not to travel and stay
prepared to seek emergency medical help, including 911
calls, visit their local health care facility, and calling physi-
cians in the event of serious symptoms such as episodes of
dizziness and loss of consciousness. Patients were given
oral K and Mg supplements as needed. Dofetilide dose
was reduced and adjusted depending on the response, and
if on steady dosage QTc prolongation > 15% from baseline
or QTc > 500 ms occurred. Dofetilide was discontinued if
after the second dose of dofetilide QTc prolonged to > 500
ms, or if the patients experienced dizziness, syncope, tor-
sade de pointes (TdP), or any adverse side effects listed in
the package insert [7]. Figure 1 summarizes our dofetilide
administration protocol.

2.3 Ethics

The ethical standard of the study was observed as per the 1975
Declaration of Helsinki. Informed consent was obtained from
each patient for implantation of FDA-approved CIEDs when
necessary.

2.4 Statistical analysis

Statistical analyses were performed on the data sets collected
during follow-up. Categorical data are expressed as count
(percentage) and continuous variables as mean ± standard
deviation (SD) and/or median with interquartile range (IQR)
where appropriate. A t test was used for the comparison of
variables where appropriate, and a p value of <0.05 was con-
sidered statistically significant.

3 Results

3.1 Patient characteristics

The study cohort comprised 30 patients, mean age 76.3 ±
6.7 years (± SD), median 78 years (IQR = 72–81 years), and
10 (33%) female patients. The CHA2DS2-VASc score and
left ventricular ejection fraction (LVEF) were 3.25 ± 1.3
and 63.45 ± 8.52% respectively. All patients had a history
of paroxysmal or persistent AF. The clinical characteristics
are provided in Table 1. There were 26 (87%) patients with
hypertension, 7 (23%) with diabetes mellitus, 11 (37%)
with vascular disease, and 1 patient with heart failure with
reduced ejection fraction (HFrEF) whose LVEF ranged be-
tween 30 and 35%. There were 10 patients who had PPMs

(all for sick sinus syndrome [SSS]/sinus node dysfunction),
2 with ICDs (both for primary prevention of sudden cardiac
death; in 1 patient LVEF improved to > 35% post-ICD),
and 18 with ILRs (all previously implanted for AF manage-
ment) (Table 2).

There were 19 patients taking concurrent medications
that may potentially prolong QTc interval (Table 3).
Among patients taking diuretics, one patient was taking
hydrochlorothiazide (HCTZ). Although considered to be a
contraindication, since he was taking a lower dose of
12.5 mg in a combination formulation with losartan for
control of hypertension for a very long time, the risk of
adverse effect per se for HCTZ was deemed low, and hence
was not discontinued.

The presenting rhythm at the time of dofetilide initiation
was AF in 22 (73%) patients and SR in 8 patients (27%). All
patients had a history of paroxysmal or persistent AF. The
average duration of AF prior to starting treatment was 524
days (± 469 days).

3.2 Efficacy and adverse effects of dofetilide

The presenting index rhythm at the time of dofetilide initiation
was AF, mean rate 79.46 ± 18.47 bpm, in 22 (73%) patients
and SR, 68 ± 12.71 bpm, in 8 patients (27%). All patients had
a history of paroxysmal or persistent AF. The average dura-
tion of AF prior to starting treatment was 524 days (± 469
days).

The baseline QTc was 431.68 ± 45.09 which prolonged at a
steady state to 456.6 ± 43.03 after 14 doses. As such, patients
with high grade to complete heart block causing ventricular
pacing dependency at baseline were excluded from the study,
but additionally, none of the patients developed conduction
block needing ventricular pacing. QTc measurements were
hence made in normally conducted ventricular complexes.
QTc interval changes are presented graphically in Fig. 2.
Heart rate changes are presented graphically in Fig. 3. QTc
prolongation (> 15% from baseline or > 500 ms) which re-
quired dose adjustment occurred in 17% (5/30) of patients.
Dofetilide resulted in the successful restoration of normal SR,
83.75 ± 17.35 bpm after a mean number of 4 doses in 64% (14/
22) of patients who presented in AF. In these and an additional
8 patients who were in SR at presentation, SR at 72.64 ±
15.27 bpm was maintained in 73% (22/30) during the 46 ±
59 days of the follow-up period. Effective maintenance dosage
of dofetilde was 500 mcg bid in 14 patients, 250 mcg bid in 15
patients, and 125 mcg in 1 patient after initiating the drug.

Two patients discontinued dofetilide due to intractable nau-
sea. One patient died from gastrointestinal bleeding. The pa-
tient who died was 79 years of age and had a St Jude Medical/
Abbott dual-chamber PPM implanted 8 years ago for SSS. He
had obesity, diabetes mellitus, hyperlipidemia, diastolic heart
failure, and CHA2DS2-VASc score of 4. Following his death,
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as we routinely retrieve CIEDs for possible re-use in poor
patients in the developing countries through our charity work
[8], the device was removed by the funeral director and inter-
rogated. The device interrogation did not show QT prolonga-
tion, or episodes of AF or ventricular tachycardia prior to his
death confirming that there was no association between the
cause of his death and dofetilide.

3.3 CIED performance

No CIED malfunction or premature battery depletion due to
continuous monitoring and mandatory manual transmissions
was seen during the study duration.

Fig. 1 Protocol for dofetilide administration as an outpatient. CIED cardiovascular implantable electronic devices, TdP torsades de pointes

Table 1 Clinical
characteristics of the
study population (n = 30)

Age (years) 76 ± 7

Female (n, %) 10 (33.33%)

Diabetes mellitus 8 (27%)

Heart failure 1 (3%)

Hyperlipidemia 19 (63%)

Hypertension 28 (93%)

Obesity 6 (20%)

Stroke/TIA 0 (0%)

Thyroid disease 3 (10%)

Vascular disease 11 (37%)

Baseline QTc (ms) 431.68± 45.09

CHA2DS2-VASc score 3.25± 1.30

HAS-BLED score 1.25± 0.69
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4 Discussion

4.1 Major findings

Our study results demonstrate that dofetilide may be safely
initiated in an outpatient setting provided the patient’s cardiac
rhythm and QT intervals are being continuously monitored
with a CIED and a close clinical follow-up is maintained with
physical office visits and frequent telemedicine encounters.

There were several factors which contributed in our
decision-making for initiating dofetilide treatment in an out-
patient setting, despite conventional guidelines. First and fore-
most, we were dealing with clinical care of patients during the
extenuating circumstances created by the COVID-19 pandem-
ic. All patients were highly symptomatic with AF and had not
responded to or had significant side effects from prior AAD
therapy. These patients could not be referred for ablation or
other procedures, given the COVID-19 lockdown; and the

hospitals were closed down for EP procedures. There were
no guidelines available, and even the Heart Rhythm Society,
the American College of Cardiology, and the American Heart
Association COVID-19 Task Force’s practice guidance doc-
ument for electrophysiologists, although useful, did not be-
come available till later in the pandemic [9]. After discussing
with full disclosure about the benefits and risks of the drug,
and taking a shared decision for treatment plans, our patients
were prepared to accept the risk of potential adverse effects
from dofetilide if they could achieve restoration and mainte-
nance of SR without having to go to the emergency room of
the local hospital, undergo external cardioversion under anes-
thesia, and face a very real risk of nosocomial COVID-19
transmission. These patients, being in a difficult situation of
symptomatic AF, and the fear, anxiety, and apprehension of
catching COVID-19 infection, chose a cautious and innova-
tive intervention for the restoration and maintenance of SR
versus a palliative rate-control strategy.

High efficacy of dofetilide in restoring and maintaining SR
without significant adverse effect on mortality rates even in
severely ill patients with left ventricular dysfunction and ad-
vanced heart failure has been shown in large clinical trials [1,
2]. For example, in the SAFIRE study which had included
patients with AF and AFL, pharmacological cardioversions
with dofetilide were achieved in 70% and 91% of patients in
24 h and 36 h respectively, with a high probability of remain-
ing in SR at 1 year [3]. In contrast to the SAFIRE-D study
which included patients with both AF and AFL, our study
cohort comprised entirely of paroxysmal and persistent AF
patients. And, yet we were able to accomplish the goal of
successful restoration and maintenance of SR in 73% of pa-
tients with dofetilide. Compared to the observed results in
larger clinical trials [3, 4, 10], we observed a higher success
rate of SR restoration which we attribute to multiple factors
including patient selection criteria, increasing baseline heart
rate to 70 bpm by cardiac pacing, and continuous CIED re-
motemonitoring systems to optimize pharmacotherapy. In our
study, one patient died from gastrointestinal bleeding, but no
fatality was observed due to dofetilide. The association be-
tween a lower mortality and being in SR was firmly
established in a DIAMOND substudy which showed a risk
ratio of 0.44 (95% CI, 0.30 to 0.64), with a very significant
p value of 0.0001 for reduction of mortality when the rhythm
was restored to SR from AF [5].

Dofetilide has been also reported to be safe and effective
when rapidly switched from amiodarone and also when ad-
ministered for “re-initiation” as an outpatient [11, 12]. The
results of a well-conducted survey in the real-world clinical
settings of 347 practicing cardiologists, the majority of whom
were electrophysiologists, regarding their practice preferences
concerning initiation and re-initiation of dofetilide were quite
interesting; (i) 78% expressed that dofetilide re-initiation can
be done on outpatient basis in the presence of normal serum

Table 2 CIEDs in the study cohort (n = 30)

Implantable loop recorders (ILRs)

Brand Device Number

Biotronik Biomonitor III 1

Biomonitor 2-AF 2

Medtronic Reveal LINQ 5

St Jude/Abbott Confirm RX ICM 10

Total 18

Implantable cardioverter-defibrillators (ICDs)

Brand Device Number

St Jude/Abbott Fortify Assura 2

Total 2

Permanent pacemakers

Brand Device Number

Boston Scientific Advantio 1

St. Jude/Abbott Assurity 6

Quadra Allure 1

Accent 2

Total 10

Table 3 Concurrently used QTc prolonging medications (n = 19)

Medication Number of patients

Furosemide 3

Hydrochlorothiazide 1

Pantoprazole 5

Sertraline 2

Torsemide 5

Tramadol 3

Trazadone 1
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K+, Mg+2, and baseline QT interval; (ii) 37% of the re-
sponders admitted patients in hospital only 10% of the time;
(iii) 70% of the physicians reported no major adverse events;
(iv) only 32% reported checking serum potassium, magne-
sium, and creatinine clearance; and (v) only 17% of the phy-
sicians checked QT interval at 48 h after the first dose of
dofetilide during re-initiation [12].

The ability to discern QTc prolongation on CIED investiga-
tion is another favorable reason in terms of initiating dofetilide
on an outpatient basis. One of the major limitations of prior
major trials is that the technology for continuous remote
telemonitoring was not available at that time [1, 4]. Hence,
extrapolating data of these trials in the current population of
patients with AF who may have various CIEDs may be sub-
jected to further scrutiny. Remote monitoring of CIEDs has
become a normal and essential component of the standard of
care in patients with cardiac arrhythmias [13–16]. We have
previously reported the utility of the technology in optimizing
antiarrhythmic and anticoagulation therapy, including the safe
withdrawal of long-term oral anticoagulation in some AF

patients with a high risk of bleeding [17, 18]. It is also note-
worthy that we were able to detect QTc prolongation using
CIEDs at the similar and comparable rates that have been ob-
served in the real-world studies where conventional methods of
QTc monitoring were used [19, 20]. Interestingly, we did not
observe any TdP or other ventricular arrhythmias in our study
population. There were 18 patients in our study who already
had ILRs implanted for AF management. Although no patient
required ILR insertion during the study duration that involved
COVID-19 pandemic lockdown, if required, we would have
still chosen ILRs over external ambulatory ECG devices. The
latter if disconnected intentionally or accidentally would result
in the interruption of recording, and further if not connected
correctly may produce significant artifacts disrupting and
compromising the quality of recording. Also, there still remains
uncertainty as to how long the COVID-19 pandemic would
last, and in such situation, ILR by virtue of providing long-
term monitoring compared to external ambulatory ECG de-
vices remains the technology of choice for AF management.
The ILR insertion procedure can be safely performed in

Fig. 2 QTc intervals in
milliseconds, mean and standard
deviation, shown as bars at
baseline; day (d) 1, 2, and 3; and
week (w) 1 and 2; and at 3 months
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physicians’ offices. Interestingly, the COVID-19 Task Force’s
practice guidance document encourages the use of remotemon-
itoring technology in the midst of the pandemic [9]. Along
those lines, we were able to meet our study objective of evalu-
ation of outpatient initiation of dofetilide in a select group of
patients with CIEDs which provide continuous telemetry mon-
itoring during the COVID-19 pandemic situation.

As regards following the stringent protocol of dofetilide
initiation, a study conducted at a highly reputable cardiac ar-
rhythmia specialist center led by cardiac electrophysiologists
showed that almost half of their patients (49%, 93/189) had a
deviation from the protocol, and some patients had recurrent
deviation during their initiation process [21]. While ours was
an unusual circumstance related to the COVID-19 pandemic,
apparent deviation from conventional protocol was related to
the FDA’s recent determination that the Risk Evaluation and
Mitigation Strategy (REMS) certifications would be no longer
required for dofetilide [22]. Previously, the manufacturer of
dofetilide, trade name Tikosyn (Pfizer Inc; USA), had restrict-
ed its sale and use exclusively to the USA in spite of the fact
that the major trials were performed outside of the USA, in the
European countries, notably Denmark. Furthermore,
dofetilide has now become available in a generic formulation
[7], making it more cost-effective and accessible to pharma-
cies and physicians. Moreover, pharmacies no longer require
physician approval prior to dispensation of the medication
[22]. These recent developments have lowered the barrier of
accessibility and increased physicians’ experience in using
dofetilide safely and effectively.

As the world is currently gripped by the SARS-COV-2
corona virus (COVID-19) pandemic, most hospitals may fol-
low stringent protocols including closure and restrictions re-
garding their inpatient admissions for patients with non-
COVID illnesses. Our study demonstrated that in carefully
selected patients who are symptomatic with paroxysmal and
persistent AF, refractory to other AADs, and baseline sinus or
paced rate is higher, dofetilide may be initiated safely in an
outpatient setting using CIEDs for continuous monitoring.
Careful patient selection is thus very important. The ability
to initiate dofetilide therapy as an outpatient provides a safer
alternative to patients with symptomatic AF who have failed
other therapies, not to mention a very real risk of nosocomial
COVID-19 transmission during hospitalization, and the mon-
etary cost incurred to the patient [23]. A 3-day admission for
drug initiation is an expensive proposition for any patient;
replacing that protocol with 3 consecutive outpatient visits
and periodic outpatient monitoring greatly reduces the cost
to the patient [23, 24].

4.2 Study limitations

Our study is subjected to limitations as it has neither a ran-
domized design nor a large cohort. Similar and perhaps larger

series from other investigators would help to conclusively
demonstrate the feasibility and safety of initiating dofetilide
in an outpatient setting in a selected group of patients.
Furthermore, our study essentially is a longitudinal clinical
observational study conducted during the unique situation of
the COVID-19 pandemic. Our study findings hence need to be
taken in the context of the extenuating circumstances rather
than in a more universal way. Our study, however, provokes
and generates a hypothesis to test the strategy of outpatient
initiation of dofetilide in patients with CIEDs in future studies
of larger sample size and longer follow-up period, and perhaps
even randomized with standard in-patient initiation to further
validate our findings. If proven to be effective and safe, a
stronger case could be potentially made to use the protocol
once the COVID-19 pandemic is over.

5 Conclusion

Dofetilide is a safe and effective antiarrhythmic agent which
may be used in carefully selected patients even in the extenu-
ating circumstances created by COVID-19. Our study pro-
vokes and generates a hypothesis to test the strategy of outpa-
tient initiation of dofetilide in patients with CIEDs in future
studies of larger sample size and longer follow-up period, and
perhaps even randomized with standard in-patient initiation to
further validate our findings.

Data expressed as number (%) or mean + standard
deviation

TIA transient ischemic attack
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