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Abstract

Ventricular arrhythmias are common and can modify the risk profile in patients with advanced heart failure. Guideline-
directed medical therapy as well as arrhythmia control are warranted to optimize outcomes and prevent sudden cardiac death.
Antiarrhythmic therapy may result in undesired toxicities which can further complicate management. We present a case of
an advanced heart failure patient with recurrent ventricular tachycardia and ventricular fibrillation that was refractory to
guideline-directed medical therapy and resulted in him being considered for advanced heart failure therapies. We describe
the clinical course of antiarrhythmic therapy and the resultant complication of clinically significant thyroid dysfunction. We
also summarize our review of the literature regarding the treatment of ventricular arrhythmias in advanced heart failure and

the management of antiarrhythmic therapy-induced thyroid dysfunction.

Key Points

Ventricular arrhythmias are common in advanced heart
failure patients and portend a poor prognosis

Antiarrhythmic therapy options are limited in advanced
heart failure and treatment can be further complicated by
intolerance or side effects

Sudden cardiac death prevention in the setting of ven-
tricular arrhythmias and heart failure may warrant device
implantation and/or advanced heart failure therapies
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Introduction

Ventricular Arrhythmias (VAs) are one of the several clini-
cal variables that portend a poor heart failure (HF) progno-
sis and have a direct correlation with recurrent hospitaliza-
tion and increased rates of sudden cardiac death (SCD) in
patients with cardiomyopathy [1]. Certain familial/inherited
cardiomyopathies have an increased predilection for VAs
and SCD; namely Lamin A [2], long QT [3], and arrhythmo-
genic right ventricular cardiomyopathy (ARVC) [4, 5]. The
most clinically prevalent form of VAs is premature ventricu-
lar complexes (PVCs), documented in 70-95% of patients,
followed by non-sustained ventricular tachycardia (VT)
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in 50-80% of patients. Conversely, sustained VT or ven-
tricular fibrillation (VF) occurs in 5% of patients, but they
account for the majority of SCD cases [6]. Antiarrhythmic
therapy (AT) and/or implantable cardioverter defibrillator
(ICD) placement for the prevention of SCD is commonly
utilized in these patients. Guideline-directed medical therapy
(GDMT) can reduce the risk of VAs and SCD, but AT is
still frequently required. We present a case of an advanced
HF patient with recurrent VT and VF that was refractory to
GDMT which resulted in him being considered for advanced
HF therapies [1]. We describe the clinical course of AT and
the resultant complication of clinically significant thyroid
dysfunction. We also summarize our review of the litera-
ture regarding the treatment of VAs in advanced HF and the
management of AT-induced thyroid dysfunction.

Methodology

We report the case of a patient in the United Arab Emir-
ates (UAE) with advanced HF secondary to familial dilated
cardiomyopathy (DCM). The patient suffered from recur-
rent VT and VF that were complicated by thyroid dysfunc-
tion, mainly thyrotoxicosis. Written informed consent was
obtained from the patient and included in the study.

We conducted a thorough literature search through sev-
eral databases including PubMed, Google Scholar, and
MEDLINE using the terms ‘heart failure’, ‘ventricular
arrhythmias, ‘thyrotoxicosis’, and ‘Amiodarone’. Relevant
papers were reviewed and cited to include eligible data in
our case report.

Case report

A 21-year-old male with chronic systolic HF due to DCM
presented to the emergency room with syncope. He was first
diagnosed with DCM at the age of 11, and his family his-
tory is significant for two siblings who carried the diagnosis
of DCM but succumbed to SCD while undergoing therapy.
Prior to this presentation, he was followed in the advanced
HF clinic at our institution and was tolerating optimal doses
of GDMT. His echocardiogram showed a severely dilated
left ventricle with severely reduced left ventricular systolic
function (LVEF 27%; normal LVEF being 55% [7]). He had
suffered recurrent VT and VF in the past and had undergone
placement of a transvenous ICD. After ICD implantation, he
had further episodes of appropriate ICD shocks for recur-
rent VAs. As such, he was initiated on AT with amiodarone
100 mg once daily, for secondary prevention of SCD. This
amiodarone-based AT, which continued for eleven months,
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succeeded in reducing his VAs burden, albeit with resultant
thyroid dysfunction, namely Amiodarone-Induced Thyro-
toxicosis (AIT); initial hypothyroidism (treated with replace-
ment therapy with levothyroxine 50 mcg daily) which then
transitioned to hyperthyroidism (treated with cessation of
replacement therapy and initiation of carbimazole 5 mg three
times daily).

Prior to his current presentation with syncope, he had
self-discontinued his thyroid suppression therapy with car-
bimazole, shortly after initiation. Electronic interrogation
of his ICD demonstrated several defibrillation discharges
to abort recurrent monomorphic unstable VT, and a review
of his cardiac telemetry monitoring in the emergency room
showed recurrent monomorphic VT, in short bursts. The
patient was otherwise hemodynamically stable with no evi-
dence of acute HF decompensation or volume overload. At
the same visit, a thyroid panel was done and showed sup-
pressed Thyroid Stimulating Hormone (TSH) with an eleva-
tion of both free thyroxine (FT,) and free triiodothyronine
(FT;) which is consistent with overt hyperthyroidism. TSH
receptor antibodies and thyroid peroxidase antibodies were
negatives, suggesting more toward AIT rather than Graves’s
disease. His ICD was reprogrammed to allow for rapid anti-
tachycardia pacing (ATP), which is a device-based therapy
for rapid VAs, without resolving to recurrent defibrillation
therapy.

Amiodarone was discontinued and was initiated on an
extensive regimen for his AIT. Carbimazole was restarted
at a higher dose of 15 mg three times daily. Also, a non-
selective B-blocker (propranolol 80 mg twice daily) and
IV hydrocortisone 25 mg three times daily were initiated.
VAs, in the form of non-sustained VT, persisted and thus
the B-blocker dose was changed from 80 mg twice daily
to 80 mg three times daily, and IV lidocaine of 1 mg/min
was added as an alternative form of AT. Subsequent thy-
roid function tests (TFTs) showed a reduction in serum
levels of FT; but no reduction in FT,. Therefore, the doses
of carbimazole and hydrocortisone were further increased
to 20 mg three times daily and 50 mg three times daily,
respectively. Additionally, cholestyramine 4 mg twice
daily was prescribed. The patient subsequently self-dis-
continued the cholestyramine due to intolerance of side
effects. These endocrinological interventions resulted in
control of his hyperthyroid state. However, he continued
to have recurrent non-sustained and sustained VT, so his
AT was adjusted. Sotalol was added and titrated to the
target dose of 80 mg twice daily, propranolol was changed
to a selective p-blocker (bisoprolol 10 mg daily), and IV
lidocaine was switched to oral mexiletine 200 mg twice
daily. Clinical monitoring over several days confirmed
the quiescence of his VAs. Multi-disciplinary discus-
sions deemed an attempt at catheter-based radiofrequency
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ablation (VT ablation) to have a high risk/benefit ratio and
advised against pursuing this treatment modality. Given
the strong family history of SCD, advanced HF, and recur-
rent VAs that required aggressive AT, the multidiscipli-
nary Advanced HF Therapy Committee decided to list him
for heart transplantation and/or LVAD placement.

Imaging was performed in order to differentiate Type-
I versus Type-II AIT: a TC-99M thyroid uptake scan
revealed a uniform uptake, and an ultrasound of the thy-
roid gland showed low vascularity on Doppler. Subse-
quently, a corticosteroid tapering regimen was initiated
with the aim to complete the course over a few weeks.
However, his symptoms worsened, and he presented again
to the emergency department with worsening of his TFTs
in spite of compliance with high dose carbimazole of 20
mg three times daily. This confirmed a diagnosis of Type-
IT AIT (destructive amiodarone-induced thyroiditis), for
which his corticosteroid dose was increased and his carbi-
mazole dose was decreased as mentioned above. The trend
of his TFTs and the main related clinical interventions are
represented in Fig. 1.

The patient remains hemodynamically and electrically
stable as an outpatient. He has not had any further VAs
or ICD shocks. From a thyroid standpoint, he is follow-
ing regularly in the endocrinology clinic, his last TFTs
are within normal range. The patient is well-controlled
on Mexiletine 200 mg three times daily, and he is not on
any thyroid medications. The patient is INTERMACS
profile 6, and he is listed for heart transplantation as
UNOS status 2.

Discussion

Mechanisms precipitating ventricular arrhythmias
in heart failure

The etiology behind arrhythmogenesis in HF patients
is explained by a multifactorial process that results from
progressive maladaptive structural remodeling along with
altered cardiomyocyte properties [6, 8]. The pathological
process involves mechanical and neurohormonal factors,
and metabolic as well as ischemic changes. Furthermore,
HF medications precipitate many electrolyte abnormali-
ties (mainly related to potassium, sodium, and magnesium)
which potentiate the proarrhythmic effect of other medica-
tions. Altogether, these mechanisms result in a disturbance
of normal contractile performance and (directly or indi-
rectly) precipitate VAs [6, 9].

Approach for ventricular arrhythmia management
in heart failure

The management of VAs in HF patients requires a sys-
tematic, multifaceted approach by controlling underlying
causes, eliminating/minimizing triggers and predisposing
factors, managing VT, and preventing SCD. GDMT for HF
reduces the incidence and clinical severity of VAs [6, 8,
9]. The aforementioned pathological processes that underlie
advanced stages of HF trigger the development of VAs via
direct and indirect mechanisms, with the latter being pri-
marily secondary to pump failure [8, 10]. Targeting these
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Fig.1 Trend of thyroid function test (TFTs) and main thyroid-related interventions in our patient

A\ Adis



150

pathways can retard and potentially reverse the progression
of myocardial remodeling and fibrosis, enhance pump effi-
ciency, and thus reduce VAs and SCD which are important
causes of mortality in patients with advanced HF [8, 11, 12].
A suggested algorithm for the treatment of VAs in Advanced
HF is displayed in Fig. 2.

The benefits of guideline directed medication
therapy/disease modifying therapy in the treatment
of ventricular arrhythmias

Since VAs are the main mode of SCD in HF populations,
with pump failure being the next most frequent mode, it is
essential to manage these VAs appropriately, prophylacti-
cally, and secondarily. The early initiation and dosing opti-
mization of GDMT is indicated in all HF patients presenting
with VAs [1, 6, 8].

GDMT, such as p-blockers, Angiotensin Receptor Block-
ers (ARBs) and Angiotensin-Converting Enzyme inhibitors
(ACEi) have proven morbidity and mortality benefits. For
instance, several studies and trials reported that -blockers
use in HF patients decreases all-cause mortality by 35%
and SCD by 45% [8, 9] and also decrease the occurrence
of VT by acting as antiarrhythmic agents, irrespective of
the concomitant use of other GDMT [8, 10, 11]. On the
other hand, although ARBs and ACEi, cause substantial
reverse remodeling of the ventricle and are associated with
remarkable morbidity and mortality benefits, these agents
have failed to demonstrate an effect on VAs or SCD [8,
10, 13]. However, Sacubitril-Valsartan, the only approved
Angiotensin Receptor-Neprilysin Inhibitor (ARN1), signifi-
cantly reduced all-cause mortality and hospitalization (~21.8
%), when compared to ACEi on top of background therapy
with p-blockers and mineralocorticoid receptor antagonists
(MRA) [8, 13]. MRAs are proven to decrease all-cause mor-
tality (~35%) and SCD (~29%) by targeting multiple patho-
logical pathways [13, 14]. Furthermore, Sodium/Glucose
Cotransporter-2 (SGLT-2) inhibitors are showing remark-
able beneficial outcomes in HF. Recent trials reported that
SGLT-2 inhibitors are associated with a 30%—35% lower risk
of hospitalization for HF in patients with diabetes [15, 16].
However, the cardiovascular benefits were shown to be inde-
pendent of renal function and glucose levels [15]. In terms
of the effect of SGLT-2 inhibitors on SCD, a recent meta-
analysis included the results of 9 randomized controlled tri-
als (RCTs) of patients with HF, diabetes, and chronic kidney
disease. All of which compared different SGLT2 inhibitors
to placebo and included the incidence of SCD. After pooling
the results of these trials there was no significant association
between SGLT2 inhibitors and SCD [Risk Ratio (RR) 0.74,
95% Confidence Interval (CI) 0.50-1.08; P = 0.12] [16].
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Although GDMT can reduce morbidity and mortality, a
small proportion of cases progress to advanced stages of HF
(ACC/AHA Stage D) and require advanced HF therapies;
durable left ventricular assistance device (LVAD) implanta-
tion, and/or heart transplantation [10, 13]. The Interagency
Registry for Mechanically Assisted Circulatory Support
(INTERMACS) utilizes risk profiles to optimally select
patients for advanced HF therapies. Arrhythmia is the "A
factor” in the INTERMACS profile and is a modifier for any
profile. This registry previously reported that 19% of the
overall population and 20% of profile 1 and 2 patients were
limited by frequent VAs. Data suggest that patients with
arrhythmias will not necessarily have worse outcomes and
generally improve following advanced HF therapies [17, 18].

Antiarrhythmic therapy in heart failure

If VAs persist in HF patients despite GDMT optimization,
specific AT may be utilized for management. This includes
antiarrhythmic drugs (AADs) or non-pharmacological inter-
ventions such as ICD implantation, catheter-based VT abla-
tion, and, in resistant cases, cardiac sympathetic denerva-
tion (CSD) therapy with bilateral stellate ganglionectomy
surgeries [19, 20].

Antiarrhythmic drugs

The choice of AAD is guided by the type of VT (PVC,
non-sustained VT, sustained VT, VF), the pharmacologi-
cal properties of AADs, and, above all, the hemodynamic
and clinical status of the patient [9, 19]. According to the
available studies, none of the AADs are associated with
improved survival or decreased SCD when used for primary
or secondary prevention of VAs, except for f-blockers (e.g.,
metoprolol succinate and carvedilol) [12]. However, their
use is beneficial in suppressing VAs and improving symp-
toms [9, 19]. Importantly, class II AADs (p-blockers) remain
the mainstay therapy and the only class that is attributed to
a reduction in mortality as well as SCD [8, 9, 11]. These
agents provide dual action in a patient with HF and VAs by
maintaining a normal heart rate and managing HF [11, 19].
Certain AAD medications, such as flecainide, sotalol, disop-
yramide, and dronedarone are better avoided in HF patients
as they exacerbate the underlying myocardial dysfunction
[7,9, 19]. Generally, class I sodium-channel-blocking drugs
carry the highest risk of provoking arrhythmia and causing
hemodynamic worsening related to their negative inotropic
effect [9]. On that account, class IA and IC are not recom-
mended to be used in HF patients except for quinidine, since
it has minimal negative inotropic actions [9, 19].

Limited published data exists about the safety and efficacy
of the remaining AADs in HF population, and the decision



151

Fig.2 Trend of thyroid func-
tion test (TFTs) and main
thyroid-related interventions
in our patient. VA Ventricular
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regarding the most suitable choice remains challenging. Out
of all AADs, as previously mentioned selective B-blockers
are considered the first-line therapy due to their excellent
safety profile, proven survival benefits from RCT, and sig-
nificant relative reduction in SCD (~45%) [6, 8, 11]. But
since P-blockers are part of the GDMT, most HF patients
will already be on this class of medications, which places
amiodarone as the best next choice in management of VA
after GDMT optimization. Amiodarone, a class Illa AAD
that blocks the voltage-dependent potassium channels, is a
reasonable and effective option. However, the wide range
of possible end-organ toxicities (thyroid, hepatic, ocular,
dermatological) make it a second-line therapy; it is mainly
reserved for refractory cases or as a bridge therapy for car-
diac ablation [11, 19]. In case of treatment failure, despite
the initial approach of p-blockers initiation/optimization,
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the addition of amiodarone or sotalol (class III AADs) is
indicated [6, 19]. Generally, it is not preferred to start with
sotalol which could cause worsening of HF due to its proar-
rhythmic action, albeit this effect is not significant in patients
with ICD [6, 11]. Sotalol could be an alternative therapy if
the patient is not a candidate for amiodarone due to contrain-
dications or adverse drug reactions or in case of amiodarone
treatment failure [6, 19] Overall, amiodarone is superior to
sotalol in terms of SCD and mortality reduction, and it is
frequently used to suppress VAs [1, 12].

Intravenous lidocaine, and its oral derivative mexiletine,
are Class IB AADs that cause rapid dissociation at the volt-
age-gated sodium channels and are first-line therapies for
the short and medium-term management of recurrent VT
given the proven efficacy and highly-tolerable side effects
profile [11, 12, 19]. Yet, mexiletine should be used with
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caution in patients with severely impaired left ventricular
function because it increases systemic vascular resistance
and decreases the cardiac and stroke volume indexes result-
ing in myocardial depression and hemodynamic deteriora-
tion [9, 21]. Lidocaine (Class 1B) is considered an option
for acute recurrent/refractory cases of VT or PVC owing to
its short half-life and good safety profile; in the setting of
drug plasma concentrations within the desired therapeutic
range [9, 12]. These agents could be acceptable options as
monotherapy or in combination with other class III AADs
to suppress VAs in HF patients, despite the lack of strong
evidence supporting their role [9, 11].

Non-pharmacological interventions

ICDs are effective as adjuvant therapy for recurrent and/
or life-threatening VAs in HF patients, whether used for
primary or secondary prevention of SCD [9, 19]. Car-
diac resynchronization therapy with defibrillator therapy
(CRT-D) is also associated with a relative reduction in
SCD (~56%) [9, 22]. Catheter-based VT ablation is indi-
cated in patients with sustained monomorphic VT who are
nonresponsive to or cannot tolerate AAD, and in select
polymorphic VT cases with identifiable PVC triggers [11,
19, 20]. Noteworthy, success rates vary between 75% to
95% of patients, with a recurrence rate of up to 35% [23].
As alast resort, albeit usually in non-HF-associated cases
of resistant VT, certain quaternary referral centers of
expertise perform cardiac sympathetic denervation (CSD)
therapy with bilateral stellate ganglionectomy, with some
retrospective data to show long-lasting efficacy [20].

For HF patients with ICD and persistent VAs despite
HF therapy optimization and device re-programming, ini-
tiating amiodarone is recommended [19]. Also, it may be a
reasonable option if patients suffer from incessant VAs and
are not a candidate for ICD [9]. Generally, amiodarone,
sotalol, and/or other f-blockers are acceptable adjunctive
therapies to ICD since the pro-arrhythmia risk may be less
of a consideration. Also, they could be used to manage
symptomatic VT in patients who are unsuitable to have
ICD, though amiodarone could be preferred in HF patients
because it is less pro-arrhythmic [1, 6, 9]. The main dis-
advantage of amiodarone is the high risk of toxicity with
chronic use, therefore the utilization of the lowest effective
dose with close monitoring is recommended [6, 19].

Amiodarone induced thyroid toxicity
Thyroid toxicity is one of the most concerning side effects

associated with long-term amiodarone therapy. Ami-
odarone can induce either hypothyroidism (especially in
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iodine-sufficient areas) or hyperthyroidism (more common
in iodine-deficient regions) [12, 24]. However, amiodar-
one-induced hyperthyroidism is usually more symptomatic
and clinically significant in patients with underlying car-
diovascular disease [25]. The main cause of amiodarone
effects on the thyroid gland are the structural similari-
ties between the drug and the thyroid hormone thyroxine
(T,), the high iodine content of amiodarone (39% iodine
by weight), and the direct cytotoxic effect of amiodarone
on the gland [24, 26]. Noteworthy, these effects of ami-
odarone can persist for longer than six months, even after
drug discontinuation. This is because of the very long
half-life resulted from amiodarone storage in adipose tis-
sue [25]. AIT can occur regardless of pre-existing thyroid
gland functionality; both apparently-normal and abnormal
thyroid glands are susceptible [24]. Usually, it is clini-
cally challenging to distinguish between the types of AIT,
which further complicates treatment. However, imaging is
helpful to differentiate between these types [24, 26]. The
expected changes to thyroidal function with amiodarone
and the resulting various diagnostic phenotypes are rep-
resented in Table 1.

Thyroid storm and thyrotoxicosis management

Thyroid storm (TS) is a life-threatening complication of thy-
rotoxicosis, with the classical presentation being tachycar-
dia, arrhythmias, and death from cardiac arrest. The preva-
lence of TS amongst cases of thyrotoxicosis is felt to be
1-2% [27]. Cardiovascular complications are one of the most
common life-threatening clinical manifestations of thyro-
toxicosis. Nearly half of thyrotoxicosis patients are admitted
to the hospital due to cardiovascular complications [28]. At
the same time, development of thyrotoxicosis in HF patients
could be fatal and difficult to manage. Immediate diagno-
sis and initiation of therapy are imperative, with therapy
being comprised of high doses of non-selective f-blockers
alongside antithyroid drugs such as Propylthiouracil and/
or Carbimazole [29]. The antithyroid drugs will achieve a
euthyroid state by blocking hormone synthesis, whereas the
B-blockers will control the other systemic manifestations
of thyrotoxicosis [29]. Propranolol, the most studied non-
selective B-blocker that is used in thyrotoxicosis, contributes
to the gradual reduction in thyroid levels by as much as 30%.
This happens via blocking the enzyme that converts T, to the
more biologically potent form of T; hormone: monodeiodi-
nase, and causing T, to be converted to rT; which is inactive
and removed quickly from the body [30]. Metoprolol and
atenolol, both selective f-blockers, comparably reduce FT3
levels, however, other selective 3-blockers like sotalol and
nadolol do not have the same impact [31].
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Table 1 Changes to thyroid function with amiodarone and the resulting various diagnostic phenotypes

Amiodarone

Hyperthyroidism type I Hyperthyroidism type 11

Hypothyroidism

Mechanism

Population at
risk

Treatment

Biomarkers/
diagnostic
phenotypes

Onset

Clinical mani-
festations

« Increased synthesis of thyroid
hormone due to excessive iodine
content [24, 25]

« TSH increases by 20-50%, total
and free T4 levels increase by
40%, while FT3 levels remain in
the low-normal range [25, 26]

« Destructive thyroiditis leads
to the release of stored thyroid
hormones (T4 and T3) from
damaged thyroid follicular cells
without increased hormone
synthesis [24]

« It is considered a direct effect of
amiodarone and not related to
the iodine content [24, 37]

« Patients without underlying
thyroid disease [24]

» Oral glucocorticoids (dose
equivalent to 40 mg prednisone
given once per day) [29, 38]

« Toxic nodular goiter [24]

» Graves’ disease [24]

» Methimazole, and propylthioura-
cil (PTU)

« (40-60 mg/day methimazole or
equivalent doses of PTU) [15, 16]

» Multinodular goiters or diffuse
goiters [39]

« No goiter or a small diffuse
goiter [39]

« Higher serum thyroglobulin and lower serum IL-6 concentrations in
type 1. Even though in another study, IL-6 seemed to be an unhelpful
test [40]

« Increased vascularity on color-
flow Doppler sonography (CFDS)
[37]

Normal or elevated 99mtc-sesta-
mibi (MIBI) thyroid uptake and
scintigraphy [41]

« No vascularity on color-flow
Doppler sonography (CFDS)
[37]

« Decreased 99mtc-sestamibi
(MIBI) thyroid uptake and
scintigraphy [41]

« Between 3 months and 4 years of therapy [39]

« Classical manifestations of thyrotoxicosis might be masked because of

the beta-blocking activity of amiodarone that impairs the adrenergic
activity of the thyroid hormone excess and because of the impairment
of conversion of T4 to T3 [24, 42]

« Some presenting ones: unexplained weight loss, proximal myopathy,
exacerbation of arrhythmia or angina pectoris, and heat intolerance
[24]

* Most commonly: sudden reactivation of previously controlled atrial
and/or ventricular arrhythmias [39]

« Electrical storm defined as ventricular tachycardia or ventricular fibril-

lation occurring 2 or more times in 24 h (usually requiring electrical

« Large amounts of iodide released during ami-
odarone metabolism inhibit thyroid hormone
biosynthesis (the Wolff—Chaikoff effect) and
release [24]

« Results from the inability of the thyroid gland to
escape from the Wolff—Chaikoff effect [24, 25]

» Hashimoto's thyroiditis or positive antithyroid
antibodies: risk of persistent hypothyroidism [24]

« Levothyroxine [29]

e Serum T4 is low-normal or low [39]
« Persistent mild TSH elevation [39]

» Mostly occurs within the first 6 to 18 months of
therapy [25, 39]

« Cool pale, dry skin, fatigue, cold intolerance,
slow speech, and mental sluggishness are com-
mon [24]

« Amiodarone produces substantial sinus bradycar-
dia within several days (peak, 3 months), which
may be exacerbated by hypothyroidism [24]

« Both amiodarone and hypothyroidism prolong the
QT/QTc interval [24]

* Myxedema [24]

cardioversion or defibrillation) may ensue [39]

What makes propranolol the preferred choice in TS is
its high lipid solubility, with resultant rapid tissue absorp-
tion and diffuse inhibition of monodeiodinase. Moreover,
propranolol is associated with a significant increase in rT;
levels [32]. Despite the lack of confirmatory evidence of the
concomitant advent of adrenal insufficiency in TS, oral glu-
cocorticoids are strongly recommended (strong recommen-
dation, low-quality evidence) within the latest European and
American societal guidelines [29, 33]. The reason behind
that is the provision of prophylaxis against relative adrenal
insufficiency, along with the reduction in conversion of T, to
T;. The usual recommended dose is hydrocortisone 100 mg
every 6—8h (300-400 mg/day) or dexamethasone 2 mg IV
every 6 h (8§ mg/day), to be continued until TS resolution

[34]. Other supportive measures, such as acetaminophen
administration and electrolyte and fluid replacement can be
considered. Finally, it is essential to eliminate all triggers
which could aggravate the thyroid storm [29, 30].
Typically, the treatment of AIT is clinically challenging
because of the severity of underlying arrhythmia and car-
diac disease, for which the drug was started initially, which
renders stopping amiodarone almost impossible. The role of
amiodarone discontinuation in thyrotoxicosis is debatable
because of several factors, including its role in the cardiac
inhibition of T, to T; conversion. This inhibition is benefi-
cial in reducing the cardiac symptoms (arrhythmia, HF, and
cardiac arrest) of AIT. Therefore, the decision should be
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individualized based on patient factors, as recommended by
the American Thyroid Association [29].

There is emerging data on the potential role of bile acid
sequestrants in cases of severe TS [29]. Cholestyramine acts
as an ion exchange resin that interferes with thyroid hormone
absorption by binding to these particles during the enterohe-
patic re-circulation, therapy decreasing serum thyroid hor-
mone levels during hyperthyroidism [35]. In this instance, an
RCT showed that the addition of cholestyramine to standard
therapy (methimazole and propranolol) was well-tolerated
and caused a more rapid decline in thyroid levels compared to
standard therapy [36]. Accordingly, adjunct use of cholesty-
ramine with standard therapy could be helpful in normalizing
thyroid levels, especially in severe and/or resistant cases.

Conclusion

VAs are common and can modify the risk profile in patients
with advanced HF. GDMT as well as arrhythmia control are
warranted to optimize outcomes and prevent SCD. AT may
result in undesired toxicities which can further complicate
management.
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