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Abstract

Background: Antiarrhythmic drugs are commonly used to treat arrhythmia. However, data on the usage pattern of antiarrhythmic drugs, associated
side effects, and the role of clinical pharmacist interventions in the Middle East are scarce. Objective: The purpose of this study was to describe the
usage pattern, side effects, and clinical pharmacist interventions of antiarrhythmic drugs at the Sultan Qaboos University Hospital (SQUH), a tertiary care
hospital in Oman. Methods: This retrospective observational study included adult patients (>18 years) who received at least one dose of antiarrhythmic
drugs at SQUH between January 2020 and December 2021. Ethical approval was obtained prior to conducting the study. Results: In total, 400 patients
were enrolled in this study. Their mean age was 62.5 + 16.6 years (range:19-96), and 55.3% (221/400) were male. Atrial arrhythmias were the most
commonly observed (344/400, 86.0%). Beta-blockers (337/500, 67.4%) were the most prescribed class of drugs. The most commonly prescribed drugs
were bisoprolol (263/400, 65.8%), carvedilol (65/400, 16.3%), and amiodarone (59/400, 14.8%). The majority of patients (300/400, 75.0%) received
monotherapy, whereas 25% (100/400) received combination therapy. A total of 109 side effects were reported in 45 patients, resulting in an incidence rate
of 11.3 %, with cardiovascular side effects accounting for the majority (41/109, 37.6%) of these. Amiodarone had the highest prevalence of adverse effects
(33/109, 30.3%). A total of 122 clinical pharmacist interventions were observed in 13.0 % (52/400) of patients. Beta-blockers were associated with more
than half of the interventions (61/122, 50.0%). Age (61.84 years vs. 66.75 years; p=0.047), comorbidities (83.6% vs. 96.2%; p=0.019), renal impairment
(19.6% vs. 40.4%; p=0.001, heart failure (11.8% vs. 28.9%; p=0.002), concomitant medications (84.5% vs. 98.1%; p=0.004), polypharmacy (51.1% vs.
69.2%; p=0.022) and duration of therapy of less than one year (9.3% vs. 27.3%; p<0.001) was significantly associated with the need for intervention.
Conclusion: Beta-blockers were the most commonly prescribed antiarrhythmic drugs in SQUH. Amiodarone was associated with the highest prevalence of
side effects. Clinical pharmacy intervention at the SQUH was mainly related to antiarrhythmic drug selection and dose optimization.
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INTRODUCTION Pharmacological and nonpharmacological modalities such as
pacemakers, cardioversion, catheter ablation, and surgery are
among the available therapeutic options for arrhythmias.>®
Pharmacological treatment is widely used to suppress
ectopic automaticity and modify impulse conduction, thus
preventing the occurrence of arrhythmias and reducing their
associated symptoms and complications.”? Nonetheless,
their use is particularly limited by their ability to precipitate
fatal proarrhythmias and their effects on various other organ
systems.> Therefore, it is clinically imperative to ensure that
their expected benefits outweigh their adverse effects and that
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Cardiac arrhythmias are irregular heartbeats caused by
structural or electrical abnormalities in the cardiac conduction
system. They are a significant cause of morbidity and mortality.!
Their complications, depending on the type of arrhythmia, may
include an increased risk of thromboembolic events, stroke,
heart failure, and sudden death.>® They are also associated
with a decrease in quality of life.*
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Similar to other drug classes, clinical pharmacist interventions
can improve the use of antiarrhythmic drugs. Snider et al.,
reported that monitoring outpatient antiarrhythmic drugs
by clinical pharmacists improved patient adherence to
recommended and approved protocols, and helped identify
adverse effects and clinically significant drug interactions.* For
example, Freeland et al., found that the involvement of clinical
pharmacists in the initiation and monitoring of dofetilide and
sotalol helped prevent potential life-threatening ventricular
arrhythmias due to inappropriate or miscalculated dosing of
these agents.” In addition, Long lll et al., concluded in their
study that clinical pharmacist interventions efficiently attain
and maintain the desired serum potassium levels in patients
taking antiarrhythmic drugs.'®

In Oman, a clinical audit of pharmaceutical care in cardiology
and infectious disease wards at the Royal Hospital revealed
that cardiovascular drugs are associated with the highest
rate of pharmaceutical care issues that clinical pharmacists
successfully resolve.'” However, the clinical significance of
these interventions has not been evaluated.

Studies on drug utilization in the Middle East are scarce.
We were unable to trace any studies related to the use of
antiarrhythmic agents and their associated adverse effects
in this region. Therefore, this study aimed to describe the
utilization pattern and side effects of antiarrhythmic agents
in a tertiary care hospital that represents a snapshot of their
use in Oman. It also aimed to describe clinical pharmacist
intervention in the use of antiarrhythmic drugs.

METHODS
Setting and design

This retrospective observational study was conducted in
2021 at Sultan Qaboos University Hospital (SQUH), a tertiary
care academic institution. Patients aged >18 years who were
prescribed at least one of the available antiarrhythmic drugs
between January 2020 and December 2021 were included
in the study. Ethical approval was obtained from the Medical
Research Ethics Committee of Sultan Qaboos University,
Muscat, Oman ( approval number: SQU-EC/338/2021)

Data collection

Data were collected from Electronic Patient Records (EPR),
which is the information system used by the SQUH to store
patient data. Data on demographics and clinical characteristics,
such as age, sex, height, weight, indication and duration of
antiarrhythmic agent therapy, comorbidities, and concomitant
medications, were collected. The incidence of side effects
was determined based on the physician’s identification and
documentation of the EPR. If a patient was identified as
having more than one prescription, the latest prescription was
considered.

Antiarrhythmic agents

at SQUH include
atenolol, bisoprolol,

The available antiarrhythmic
procainamide, lidocaine,

drugs
flecainide,

carvedilol, esmolol, propranolol, amiodarone, sotalol, diltiazem,
verapamil, adenosine, digoxin, and magnesium sulfate. These
drugs were classified using the Vaughan-Williams classification
system.

The assessment of the indications for antiarrhythmic drugs was
based on the guidelines of the European Society of Cardiology,
the American Heart Association and American College of
Cardiology guidelines.!®

Clinical pharmacist intervention

Data on clinical pharmacist interventions for hospitalized
patients who received at least one dose of available
antiarrhythmic drugs were extracted from electronically stored
forms. They were then analyzed to determine the rate of
clinical pharmacist intervention, type of intervention, physician
acceptance rate, and clinical significance.

Statistical analysis

Descriptive statistics were used to describe the data. Categorical
variables are reported as frequencies and percentages. For
continuous variables, mean and standard deviation were used
to summarize the data. All statistical analyses were performed
using STATA version 14.1 (STATA Corporation, College Station,
TX, USA).

RESULTS

A total of 400 patients were enrolled in this study, of whom
55.3% (n=221) were men. The mean age of the study cohort was
62.5 +16.6 years (range:19-96 years), and the mean weight and
height were 73.1 + 18.3 kg and 159.3 + 11.4 cm, respectively.
The age group of 61-80 years (49.0%, n=196) was the most
common in our study. Table 1 summarizes the demographic
and clinical characteristics of the study population.

Table 1. Demographic and clinical characteristics of the studied population
(N = 400)
Variable N (%)
Age, mean * SD, years 62.5+16.6
Age groups
18-40 50 (12.5)
41-60 104 (26.0)
61-80 196 (49.0)
>80 50 (12.5)
Sex
Male 221 (55.3)
Female 179 (44.7)
Type of arrhythmia
Atrial 344 (86.0)
Ventricular 56 (14.0)
Number of comorbidities
0 59 (14.8)
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Clinical characteristics

Atrial arrhythmias (86.0%, n = 344) were the most frequently
occurring type of arrhythmia, followed by ventricular
arrhythmias in 56 patients (14.0 %). The majority of
patients (85.3%, n = 341) had at least one comorbidity with
cardiovascular (78.0%, n = 312) being the most commonly
affected system, followed by endocrine (41.8%, n = 167) and
renal (22.5%, n = 90) systems. More than half of the patients
(58.3%, n = 233) were on antiarrhythmic drugs for 1-5 years,
followed by 6-10 years and less than one yearin 92 (23.0%) and
51 (12.8%) patients, respectively. Most patients (42.0%, n=168)
were on 2-5 concomitant medications, followed by 6 or more
concomitant medications and no concomitant medications in
145 (36.3%) and 60 (15.0%) patients, respectively.

Anticoagulants and antiplatelet agents were the most
commonly prescribed concomitant drugs (73.8%, 295),
followed by antihypertensives (69.0%, n = 276) and lipid-
lowering agents (48.0%, n = 192).

Antiarrhythmic agents

Table 2 summarizes the use of antiarrhythmic drugs in the
study population. Monotherapy was prescribed for 300

13 186 (46.5) patients (75%) and combination therapy was prescribed for
>4 155 (38.9) 100 patients (25%). The most common monotherapy agent
was bisoprolol (n=184), followed by carvedilol (n=51), and
Comorbidities (by organ system) K P ( ) v i ( )
amiodarone (n=17). The most common combination therapy
Cardiovascular 312 (78.0) . . .
- was bisoprolol and amiodarone (n=31), followed by flecainide
Endocrinology 167 (41.8) and bisoprolol (n=28) and bisoprolol and digoxin (n=16).
Renal 90 (22.5)
Neurologic 58 (14.5) Table 2. List of antiarrhythmic drugs utilized at Sultan Qaboos University
Others 226 (60.4) hospital
Concomitant medications Type of Therapy | Drug N
Number 0 60 (15.0) Total | AT | VA
1 27 (6.75) Monotherapy 300 | 262 | 38
2-5 168 (42.0) Bisoprolol 184 | 160 | 24
26 145 (36.3) Carvedilol 51 49 2
Pharmacologic class Amiodarone 17 12 5
Ar;:;o?ag:;fe:’;s/ 295 (73.8) Digoxin 12 12
P Flecainide 10 3 7
Antihypertensives 276 (69.0) Adenosine 9 9
Lipid lowering 192 (48.0) Verapamil 6 | 6
agents
Proton pump Diltiazem 6 6
inhibitors 158(39.5) Others 5 5
Antidiabetics 121 (30.3) Combination 100 81 19
Others 354 (88.5) Bisoprolol + Amiodarone 31 25 6
Duration of therapy Flecainide + Bisoprolol 28 19 9
<1vyear 51(12.8) Bisoprolol + Digoxin 16 16
1-5 years 233 (58.3) Carvedilol + amiodarone 4
6-10 years 92 (23.0) Carvedilol + Digoxin
> 11 years 24 (6.0) Bisoprolol + Diltiazem

Amiodarone + Verapamil

Atenolol + Digoxin

Bisoprolol + Sotalol

Amiodarone + Diltiazem

Amiodarone + Magnesium sulphate

R (Rr R[N W
BRI R R INNW YW

Digoxin + Magnesium sulphate

AA: atrial arrhythmia; VA: ventricular arrhythmia

Side effects of antiarrhythmic agents

Table 3 shows the documented side effects associated with
the use of antiarrhythmic drugs. A total of 109 side effects
were reported for 86 prescriptions in 82 patients (20.5 %).
Amiodarone was responsible for the highest reported side
effects (30.3%, n=33), followed by bisoprolol (27.6%, n=30), and
carvedilol (17.4%, n=19). Bradycardia was the most commonly
reported side effect (24.8%, n=27), followed by dizziness and
fatigue in 17 (15.6%) and 7 (6.4%) patients, respectively.

The side effects associated with the use of antiarrhythmic
drugs led to the discontinuation or change of the drug in 41
(10.5%) prescriptions. Amiodarone was associated with the
highest rate of discontinuation (4%, n=16).
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Table 3. List of reported side effects to antiarrhythmic drugs (N = 109)*

Drug Side effects Action

N (%) Type (n) Discontinued | Switched | Continued

Amiodarone 33(30.3) 16 9

Hepatic dysfunction (7)

Thyroid dysfunction (6)
Bradycardia (5)
Others (15)
Bisoprolol 30(27.6) 3 5 16
Bradycardia (10)

Dizziness (9)

Fatigue (3)
Others (8)
Carvedilol 19 (17.4) 3 9
Bradycardia (5)

Dizziness (3)

Dyspnea (3)

Others (8)
Digoxin 10(9.2) 4 1 5
Bradycardia (5)

Dizziness (1)
Heart block (1)
Others (3)
Atenolol 6 (5.5) 1
Bradycardia (2)

Sexual dysfunction (2)

Heart block (1)
Others (10)
Flecainide 5(4.6) 3

Dizziness (2)

Fatigue (1)

Sexual dysfunction (1)

Others (1)
Adenosine 3(2.8) 2
Chest pain (2)

Chest pressure (1)

Sotalol 2(1.8) 1 1

Dyspnea (1)

Postural hypotension (1)

Diltiazem 1(1.1) 1

Hypotension (1)

Reported in 82 patients

Clinical Pharmacist Interventions patients (13.0 %). Class Il agents required the highest number

The clinical pharmacist intervention data are summarized in ~ ©f interventions (61, 50.0%), with bisoprolol and carvedilol
Table 4. A total of 122 interventions were performed in 52 being responsible for 28 prescriptions each. The most common
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Table 4. Types of clinical pharmacist intervention towards different
antiarrhythmic drugs use (N = 122)

N (%)

Class | 2(1.6)

Flecainide 1(0.8)

Lidocaine 1(0.8)

Class Il 61 (50.0)

Bisoprolol 28 (23.0)

Carvedilol 28 (23.0)

Atenolol 3(2.4)

Labetalol 2(1.6)

Class Il 24(19.7)

Amiodarone 24 919.7)

Class IV 19 (15.6)

Diltiazem 18 (14.8)

Verapamil 1(0.8)

Miscellaneous 16 (13.1)

Digoxin 15 (12.3)

Magnesium sulphate 1(0.8)

Types

Choice 45 (36.9)

availability 2(1.6)

addition 20 (16.4)

deletion 16 (13.1)

contraindication 1(0.8)

selection 1(0.8)

restart 3(2.5)

stop 1(1.6)

Dosing regimen 49 (40.2)

dose 36 (29.5)

frequency 10 (8.2)

duration 1(0.8)

combination 1(0.8)

administration 1(0.8)

interaction 1(0.8)

Information 13(10.7)

nurse 1(0.8)

physician 12 (3.3)

Prescribing issues 11 (9.0)

omission 4(3.3)

order expiry 7 (5.3)

type of intervention was related to dosing regimen (49, 40.2%),
followed by drug choice (45, 36.9%). For the dosage regimen,
the dose (36, 29.5%) was the most common intervention,
followed by frequency (10, 8.2%), while for therapeutic choice,
it was related to the addition of the drug (20, 16.4%), followed
by deletion of the drug (16, 13.1%).

Intervention outcomes were accepted in 114 (96.6%)
prescriptions. The potential clinical significance of the
intervention was recorded for 115 interventions. Of these,
82 (71.3%) led to possible efficacy improvement, 23 (20.0%)
led to a potential reduction in toxicity risk, 7 (6.1%) prevented
unnecessary exposure, and 3 (2.6%) were undocumented.

Table 5 compares patients who underwent an intervention
with those who did not. Intervention was more in patients with
older age (66.75 vs. 61.84, p = 0.047), heart failure (28.9% vs.
11.8%, p =0.02), renal impairment (40.4% vs. 19.6%, p = 0.001),
polypharmacy (69.2% vs. 51.1%, p = 0.022), and a duration of
less than a year of therapy (27.3% vs. 9.3%, p = 0.001).

DISCUSSION

Antiarrhythmic drugs are commonly used to treat cardiac
arrhythmia. However, their utilization in the Middle East has yet
to be explored. In this study, we examined the usage patterns
of these agents in a tertiary hospital in Oman, and described
their side effects and related clinical pharmacist interventions.

The mean age of this study population was 62.5 years, which
is older than that reported in the Gulf SAFE study (59.1 years)
but closer to that of a Canadian study (64.0 years).?>*! The
reasons for this difference are unclear, but may be attributed
to the larger sample size and the different centers included in
the Gulf SAFE study.

Atrial arrhythmias were the most common type (86.0%) of
arrhythmia in our study. This finding is in agreement with those
of previous studies.>??

Most subjects (46.5%) had more than one comorbidity.
Cardiovascular disease (78.0%), mainly hypertension,
accounted for most of these cases. These findings are consistent
with those of previous studies in this region and others.20%

The high concomitant use of anticoagulant and antiplatelet
agents followed by antihypertensive and lipid-lowering agents
in this study and others is explained by the use of these agents
for primary or secondary prevention of cardiovascular events
or to treat the associated comorbidities in this population.??

Beta-blockers were the most commonly prescribed
antiarrhythmic drugs. Similar findings have been reported
previously.? The preference for using beta-blockers could be
due to there being more favorable evidence of patient safety
and high efficacy in suppressing arrhythmias for this category.
Such a tendency for a rate-control strategy among physicians
at SQUH has also been observed by Zubaid et al.,, and
others.?*?”2 Although clinical trials that compare the efficacy
of different beta-blockers at controlling rates or symptoms
in atrial fibrillation are lacking, guideline recommendations
largely support the use of metoprolol or bisoprolol to manage
arrhythmias.?>%° Metoprolol is not available at SQUH; therefore,
bisoprolol was the most commonly prescribed beta-blocker in
our study.

In this study, hundred patients (25.0%) used a combination
of antiarrhythmic drugs, which was lower than that reported

5

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Castelino RD, Al Hashmi K, Al Za’abi M, Abdelrahman A. Overview of the use of antiarrhythmic drugs at a tertiary hospital in Oman.

Pharmacy Practice 2023 Apr-Jun;21(2):2816.

https://doi.org/10.18549/PharmPract.2023.2.2816

Table 5. Factors associated with the requirement for clinical pharmacist intervention
Characteristic Without interventions With interventions p
(n=348, 87%), n (%) (n=52, 13%) n (%)

Age, mean * SD, years 61.84 +16.77 66.75+15.3 0.047

Gender 0.883
Male 153 (44) 24 (46.1)
Female 195 (56) 28 (53.9)

Indication (type) 0.201
Atrial/supraventricular 296 (85.1) 48 (92.3)
Ventricular 52 (15) 4(7.7)

Comorbidities 291 (83.6) 50 (96.2) 0.019
Coronary artery disease 73 (21) 12 (23) 0.870
Diabetes mellitus 126 (36.2) 25 (48) 0.135
Dyslipidemia 80 (23) 13 (25) 0.885
Heart failure 41 (11.8) 15 (28.9) 0.002
Hypertension 197 (56.6) 37(71.2) 0.067
Renal impairment 68 (19.6) 21 (40.4) 0.001

Concomitant medications 294 (84.5) 51(98.1) 0.004
Polypharmacy (> 5) 178 (51.1) 36 (69.2) 0.022

Therapy type 0.994
Monotherapy 265 (76.1) 39 (75)
Dual therapy 83 (23.9) 13 (25)

Duration of therapy
<1 year 48 (9.3) 14 (27.3) <0.001
1-5 years 185 (53.2) 26 (50) 0.718
6-10 years 91 (21.2) 10 (18.2) 0.694
>10 years 24 (5.6) 2(3) 0.557

in other studies. For example, a Canadian study showed that
over 50% of the subjects received combination therapy.?? In the
present study, it was also observed that the most commonly
prescribed combinations were beta blockers with other agents.
Beta-blockers have emerged as the drugs of choice for rate
control over digoxin and calcium channel blockers.?® Also,
the addition of low-dose digoxin (< 125 mcg/day) to beta-
blockers has been shown to achieve better control of resting
heart rate and improve the quality of life of patients with atrial
fibrillation.3!

The overall documented side effects due to antiarrhythmicdrugs
in this study were 109 recorded in 82 patients (20.5%), which
is higher than that reported in previous studies (4.9%).3> Most
of these side effects were cardiovascular, which corroborates
earlier findings that antiarrhythmic-induced bradycardia,
primarily due to beta-blockers, is expected during therapy.®
Among the various drugs, amiodarone was associated with the
highest incidence of side effects (15.5%) and led to the highest
rate of drug discontinuation (16/24). This is in agreement with a
study conducted in Spain, in which amiodarone was associated
with a significant risk of side effects.?> However, this study
reported no amiodarone-induced pulmonary toxicity, which
may be attributed to the use of a lower dose of amiodarone in

our subjects than in previous studies.?*

The current study reiterates the vital role of clinical pharmacists
in the use of antiarrhythmic drugs. Dosing regimens (40.2%)
and drug choices (36.9%) constituted the majority of the
recorded interventions. Beta-blockers recorded the highest
clinical pharmacist intervention, which was expected owing to
their high utilization. This is consistent with the findings of a
previous study, which suggested that beta-blockers are among
the primary drug classes associated with drug therapy issues in
cardiology clinics.®

The presence of comorbidities among older patients, mainly
heart failure and renal impairment, increases the likelihood of
the need for intervention. Renal impairment and heart failure
affect the pharmacokinetics of several antiarrhythmic agents,
necessitating dose adjustments.?3” Polypharmacy is well
documented to be associated with interactions and the need
for interventions.3®

Since clinical pharmacists administer interventions mainly
to hospitalized patients, a duration of less than one year was
significantly associated with a higher number of interventions,
a finding reported previously in another study (Alderman
and Farmer, 2001).* It is also common to note that dose and
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regimen adjustments to reach the maintenance dose occur
during the first year of therapy.

Our study has some limitations. First, as with any retrospective
study, our results might have been affected by missing data
due to inadequate documentation related to side effects
and interventions. Second, the existence of cardiovascular
comorbidities, along with arrhythmia, made it challenging to
determine the primary indication for beta-blockers, whether
arrhythmia or comorbidity. Third, the clinical pharmacist’s
intervention was not followed up to ascertain the clinical
outcomes. Fourth, the data were gathered from a single
tertiary hospital.

CONCLUSION

Antiarrhythmic drugs from all classes were used to treat
arrhythmias at the SQUH. Beta blockers were the most
prescribed agents, with bisoprolol being the most prescribed
agent. Most reported side effects are cardiovascular in
nature, with bradycardia being the most common side effect.
Amiodarone was associated with the highest incidence of

side effects. Clinical pharmacists helped safely and effectively
use antiarrhythmic drugs in our setting. Their intervention
was mainly related to the selection and dose optimization
of antiarrhythmic agents. However, further prospective
studies are needed to properly evaluate the outcomes of this
intervention.

FUNDING

None

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest to
disclose.

AUTHOR CONTRIBUTIONS (CRediT)

Conceptualization: RC, AA; Data curation: RC; Formal analysis:
RC; Methodology: RC, KA, MZ, AA; Supervision: AA; Writing —
original draft: RC, MZ; Writing —review & editing: MZ, AA, KA

References

1. Khurshid S, Choi SH, Weng LC, et al. Frequency of Cardiac Rhythm Abnormalities in a Half Million Adults. Circ Arrhythm
Electrophysiol. 2018;11(7):e006273. https://doi.org/10.1161/CIRCEP.118.006273

2. Odutayo A, Wong CX, Hsiao AJ, et al. Atrial fibrillation and risks of cardiovascular disease, renal disease, and death: Systematic
review and meta-analysis. BMJ. 2016;354:i4482.

3.  Wolf PA, Mitchell JB, Baker CS, et al. Impact of atrial fibrillation on mortality, stroke, and medical costs. Arch Intern Med.
1998;158(3):229-234. https://doi.org/10.1001/archinte.158.3.229

4. Kang Y, Bahler R. Health-related quality of life in patients newly diagnosed with atrial fibrillation. Eur J Cardiovasc Nurs.
2004;3(1):71-6. https://doi.org/10.1016/j.ejcnurse.2003.12.002

5. Mankad P, Kalahasty G. Antiarrhythmic drugs. Medical Clinics of North America. 2019;103(5):821-834. https://doi.
org/10.1016/j.mcna.2019.05.004

6. Nogami A, Kurita T, Kusano K, et al. Japanese Circulation Society / the Japanese Heart Rhythm Society Joint Working Group.
JCS/JHRS 2021 guideline focused update on non-pharmacotherapy of cardiac arrhythmias. J Arrhythm. 2022;38(1):1-30.
https://doi.org/10.1002/j0a3.12649

7. Raj GM. Drugs Used in Cardiac Arrhythmias. In: Paul A, Anandabaskar N, Mathaiyan J, Raj GM. 2021 (eds) Introduction to
Basics of Pharmacology and Toxicology. Springer, Singapore. https://doi.org/10.1007/978-981-33-6009-9_27

8. Barton AK, McGowan M, Smyth A, et al. Classification and choice of antiarrhythmic therapies. Prescriber. 2020;31:11-17.
https://doi.org/10.1002/psb.1828

9. Markman TM, Geng Z, Epstein AE, et al. Trends in antiarrhythmic drug use among patients in the United States between 2004
and 2016. Circulation. 2020;141(11):937-939. https://doi.org/10.1161/circulationaha.119.044109

10. Poulsen CB, Damkjer M, Lgfgren B, et al. Trends in Antiarrhythmic Drug Use in Denmark Over 19 Years. Am J Cardiol.
2020;125(4):562-569. https://doi.org/10.1016/j.amjcard.2019.11.009

11. Tardos JG, Ronk CJ, Patel MY, et al. US Antiarrhythmic Drug Treatment for Patients with Atrial Fibrillation: An Insurance Claims-
Based Report. ) Am Heart Assoc. 2021;10(6):e016792. https://doi.org/10.1161/JAHA.120.016792

12. Chiang CE, Goethals M, O’Neill JO, et al. RealiseAF survey investigators. Inappropriate use of antiarrhythmic drugs in
paroxysmal and persistent atrial fibrillation in a large contemporary international survey: insights from RealiseAF. Europace.
2013;15(12):1733-1740. https://doi.org/10.1093/europace/eut204

13. Allen LaPointe NM, Dai D, Thomas L, et al. Antiarrhythmic drug use in patients <65 years with atrial fibrillation and without
structural heart disease. Am J Cardiol. 2015;115(3):316-322. https://doi.org/10.1016/j.amjcard.2014.11.005

14. Snider M, Kalbfleisch S, Carnes CA. Initial experience with antiarrhythmic medication monitoring by clinical pharmacists in an
outpatient setting: a retrospective review. Clin Ther. 2009;31(6):1209-1218. https://doi.org/10.1016/j.clinthera.2009.06.014

15. Freeland S, Worthy C, Zolnierz M. Initiation and monitoring of class lll antiarrhythmic agents. J Cardiovasc Electrophysiol.

2003;14(12 Suppl):5291-295. https://doi.org/10.1046/j.1540-8167.2003.90406.x

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/
https://doi.org/10.1161/CIRCEP.118.006273
https://doi.org/10.1001/archinte.158.3.229
https://doi.org/10.1016/j.ejcnurse.2003.12.002
https://doi.org/10.1016/j.mcna.2019.05.004
https://doi.org/10.1016/j.mcna.2019.05.004
https://doi.org/10.1002/joa3.12649
https://doi.org/10.1007/978-981-33-6009-9_27
https://doi.org/10.1002/psb.1828
https://doi.org/10.1161/circulationaha.119.044109
https://doi.org/10.1016/j.amjcard.2019.11.009
https://doi.org/10.1161/JAHA.120.016792
https://doi.org/10.1093/europace/eut204
https://doi.org/10.1016/j.amjcard.2014.11.005
https://doi.org/10.1016/j.clinthera.2009.06.014
https://doi.org/10.1046/j.1540-8167.2003.90406.x

Castelino RD, Al Hashmi K, Al Za’abi M, Abdelrahman A. Overview of the use of antiarrhythmic drugs at a tertiary hospital in Oman.
Pharmacy Practice 2023 Apr-Jun;21(2):2816.

https://doi.org/10.18549/PharmPract.2023.2.2816

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Long VP lI, Carnes CA, VecchietJ, et al. Evaluation of a pharmacist-managed electrolyte protocol in outpatients on antiarrhythmic
medications. ] Am Pharm Assoc (2003). 2017;57(4):526-531. https://doi.org/10.1016/j.japh.2017.05.001

Al Salmi Z. Clinical Audit of Pharmaceutical Care provided by a Clinical Pharmacist in Cardiology and Infectious Disease in-
patients at the Royal Hospital, Muscat/Oman. Oman Med J. 2009;24(2):89-94. https://doi.org/10.5001/0m;.2009.21
Hindricks G, Potpara T, Dagres N, et al. ESC Scientific Document Group. 2020 ESC Guidelines for the diagnosis and management
of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): The Task
Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the
special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur Heart J. 2021;42(5):373-498. https://
doi.org/10.1093/eurheartj/ehaa612

Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 AHA/ACC/HRS Guideline for Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. ] Am Coll Cardiol. 2018;72(14):e91-e220.
https://doi.org/10.1016/j.jacc.2017.10.054

Zubaid M, Rashed WA, Alsheikh-Ali AA, et al. Gulf Survey of Atrial Fibrillation Events (Gulf SAFE) Investigators. Gulf Survey of
Atrial Fibrillation Events (Gulf SAFE): design and baseline characteristics of patients with atrial fibrillation in the Arab Middle
East. Circ Cardiovasc Qual Outcomes. 2011;4(4):477-482. https://doi.org/10.1161/CIRCOUTCOMES.110.959700

Humphries KH, Kerr CR, Steinbuch M, et al. Canadian Registry of Atrial Fibrillation investigators. Limitations to antiarrhythmic
drug use in patients with atrial fibrillation. CMAJ. 2004;171(7):741-745. https://doi.org/10.1503/cmaj.1031277

Andrade JG, Connolly SJ, Dorian P, et al. Antiarrhythmic use from 1991 to 2007: insights from the Canadian Registry of Atrial
Fibrillation (CARAF | and Il). Heart Rhythm. 2010;7(9):1171-1177. https://doi.org/10.1016/j.hrthm.2010.04.026

Zimetbaum P, Ho KK, Olshansky B, et al. FRACTAL Investigators. Variation in the utilization of antiarrhythmic drugs in patients
with new-onset atrial fibrillation. Am J Cardiol. 2003;91(1):81-83. https://doi.org/10.1016/s0002-9149(02)03004-7

Reiffel JA. Oral Anticoagulation and Antiarrhythmic Drug Therapy for Atrial Fibrillation. J Innov Card Rhythm Manag.
2018;9(12):3446-3452. https://doi.org/10.19102/icrm.2018.091201

Olimpieri PP, Di Lenarda A, Mammarella F, et al. Non-vitamin K antagonist oral anticoagulation agents in patients with atrial
fibrillation: Insights from Italian monitoring registries. Int J Cardiol Heart Vasc. 2020;26:100465. https://doi.org/10.1016/].
ijcha.2019.100465

Rolddn Rabadan I, Anguita Sdnchez M, Marin F, et al. FANTASIIA study researchers. Current Antiarrhythmic Therapy for
Nonvalvular Atrial Fibrillation in Spain. Data from the FANTASIIA Registry. Rev Esp Cardiol (Engl Ed). 2016;69(1):54-60. https://
doi.org/10.1016/j.rec.2015.03.004

Zubaid M, Rashed WA, Alsheikh-Ali AA, et al. Gulf Survey of Atrial Fibrillation Events (Gulf SAFE) Investigators. Management
and 1-year outcomes of patients with atrial fibrillation in the Middle East: Gulf survey of atrial fibrillation events. Angiology.
2015;66(5):464-471. https://doi.org/10.1177/0003319714536980

Grandi E, Ripplinger CM. Antiarrhythmic mechanisms of beta blocker therapy. Pharmacol Res. 2019;146:104274. https://doi.
org/10.1016/j.phrs.2019.104274

Dorian P, Angaran P. B-Blockers and atrial fibrillation: hypertension and other medical conditions influencing their use. Can J
Cardiol. 2014;30(5 Suppl):S38-41. https://doi.org/10.1016/j.cjca.2013.09.029

Muresan L, Cismaru G, Muresan C, et al. Beta-blockers for the treatment of arrhythmias: Bisoprolol - a systematic review. Ann
Pharm Fr. 2022;80(5):617-634. https://doi.org/10.1016/j.pharma.2022.01.007

Rosca Cl, Kundnani NR, Tudor A, et al. Benefits of prescribing low-dose digoxin in atrial fibrillation. Int J Immunopathol
Pharmacol. 2021;35:20587384211051955. https://doi.org/10.1177/20587384211051955

Benito L, Hoyo J, Montroig A, et al. Adverse effects of antiarrhythmic drugs in patients with atrial fibrillation in primary care.
Med Clin (Barc). 2011;137(6):241-246. https://doi.org/10.1016/j.medcli.2010.06.034

Kawabata M, Yokoyama Y, Sasaki T, et al. Severe iatrogenic bradycardia related to the combined use of beta-blocking agents
and sodium channel blockers. Clin Pharmacol. 2015;7:29-36. https://doi.org/10.2147/CPAA.S77021

Jackevicius CA, Tom A, Essebag V, et al. Population-level incidence and risk factors for pulmonary toxicity associated with
amiodarone. Am J Cardiol. 2011;108(5):705-710. https://doi.org/10.1016/j.amjcard.2011.04.024

Al-Baghdadi H, Koca Al-Baghdadi C, Abdi A, et al. Introducing clinical pharmacy services to cardiovascular clinics at a university
hospital in Northern Cyprus. Int J Clin Pharm. 2017;39(6):1185-1193. https://doi.org/10.1007/s11096-017-0534-3

Mangoni AA, Jarmuzewska EA. The influence of heart failure on the pharmacokinetics of cardiovascular and non-cardiovascular
drugs: a critical appraisal of the evidence. Br J Clin Pharmacol. 2019;85(1):20-36. https://doi.org/10.1111/bcp.13760

Ding WY, Potpara TS, Blomstrom-Lundqvist C, et al. ESC-EHRA EORP-AF Long-Term General Registry Investigators. Impact of
renal impairment on atrial fibrillation: ESC-EHRA EORP-AF Long-Term General Registry. Eur J Clin Invest. 2022;52(6):e13745.
https://doi.org/10.1111/eci.13745

Gallagher C, Nyfort-Hansen K, Rowett D, et al. Polypharmacy and health outcomes in atrial fibrillation: a systematic review and
meta-analysis. Open Heart. 2020;7(1):e001257. https://doi.org/10.1136/0penhrt-2020-001257

Alderman CP, Farmer C. A brief analysis of clinical pharmacy interventions undertaken in an Australian teaching hospital. J Qual
Clin Pract. 2001;21(4):99-103. https://doi.org/10.1046/j.1440-1762.2001.00428.x

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/
https://doi.org/10.1016/j.japh.2017.05.001
https://doi.org/10.5001/omj.2009.21
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.jacc.2017.10.054
https://doi.org/10.1161/CIRCOUTCOMES.110.959700
https://doi.org/10.1503/cmaj.1031277
https://doi.org/10.1016/j.hrthm.2010.04.026
https://doi.org/10.1016/s0002-9149(02)03004-7
https://doi.org/10.19102/icrm.2018.091201
https://doi.org/10.1016/j.ijcha.2019.100465
https://doi.org/10.1016/j.ijcha.2019.100465
https://doi.org/10.1016/j.rec.2015.03.004
https://doi.org/10.1016/j.rec.2015.03.004
https://doi.org/10.1177/0003319714536980
https://doi.org/10.1016/j.phrs.2019.104274
https://doi.org/10.1016/j.phrs.2019.104274
https://doi.org/10.1016/j.cjca.2013.09.029
https://doi.org/10.1016/j.pharma.2022.01.007
https://doi.org/10.1177/20587384211051955
https://doi.org/10.1016/j.medcli.2010.06.034
https://doi.org/10.2147/CPAA.S77021
https://doi.org/10.1016/j.amjcard.2011.04.024
https://doi.org/10.1007/s11096-017-0534-3
https://doi.org/10.1111/bcp.13760
https://doi.org/10.1111/eci.13745
https://doi.org/10.1136/openhrt-2020-001257
https://doi.org/10.1046/j.1440-1762.2001.00428.x

	_Hlk116813250
	_Hlk116813371
	_Hlk119784379
	_Hlk116845213
	_Hlk116885595
	_Hlk116888590
	_GoBack
	_Hlk123802482
	_GoBack
	_Hlk124104430
	_GoBack
	_GoBack
	_GoBack
	_GoBack

