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Brugada syndrome is an inherited channelopathy with an increased risk of sudden car-
diac death (SCD) due to ventricular arrhythmias (VA) and an increased incidence of su-
praventricular arrhythmias, as compared with the general population. For the
prevention of SCD, the guidelines recommend the implantable cardioverter-defibrilla-
tor (ICD); however, ICD does not prevent VA. In this article, we provide a brief review of
the literature on the Brugada syndrome pharmacological therapy, mainly focusing on
quinidine treatment. The efficacy of quinidine therapy in the prevention of VA in
Brugada syndrome has been demonstrated by several small studies in patients with
ICD and recurrent shocks or in asymptomatic patients with inducible ventricular fibril-
lation (VF) at electrophysiological study. Quinidine has also been tested for the prophy-
laxis of supraventricular arrhythmias, especially atrial fibrillation/flutter, and in
paediatric patients. In these studies, quinidine proved highly effective in preventing
re-induction of VF and spontaneous recurrences of both ventricular and supraventricu-
lar arrhythmias. Unfortunately, this therapy is burdened by a high incidence of side ef-

fects, which may lead to drug discontinuation.

Brugada syndrome is an inherited channelopathy with an
increased risk of sudden cardiac death (SCD) due to ven-
tricular arrhythmias (VA)." An increased incidence of su-
praventricular arrhythmias, such as atrial fibrillation
(AF), atrio-ventricular (AV) nodal re-entrant tachycardia,
and AV reciprocating tachycardia due to an accessory
pathway has also been reported.?

The 2022 ESC guidelines on VA recommend for all
Brugada patients some behavioural rules such as avoidance
of drugs that may induce ST-segment elevation in the
right precordial leads (www.brugadadrugs.org), cocaine,
cannabis, excessive alcohol intake, and prompt
treatment of fever with anti-pyretic drugs.* Moreover,
the current guidelines recommend implantable
cardioverter-defibrillator (ICD) as the only therapy (class
I) in patients who are survivors of an aborted SCD or have
documented spontaneous sustained ventricular tachycardia

*Corresponding author. Tel: +390116709596, Fax:+390112366656, Email:
carla.giustetto@unito.it

(VT) and in patients with type 1 Brugada pattern and an ar-
rhythmic syncope (class Ila).>

However, ICD does not prevent VA, thus the patient remains
exposed to the stress of receiving one or multiple shocks. ICD
has an impact on quality of life, especially in young patients,
and can be associated with significant complications, such as
infections, lead failure, and even risk of death in case the
electrode needs to be removed.> Recently, subcutaneous
ICD has partially reduced the problems related to transvenous
implantation, but not all patients are eligible. Ablation of the
arrhythmic substrate® and pharmacological treatment with
quinidine might be alternative options, especially in asymp-
tomatic patients with spontaneous type 1 ECG pattern, but
their long-term efficacy and safety are still unclear.

The 2022 ESC guidelines on VA consider the use of quini-
dine only to prevent arrhythmic recurrences and multiple
ICD shocks or as primary prevention in the case of patients
who refuse or are ineligible for ICD.3 The reason is prob-
ably that the studies addressing the efficacy of quinidine
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therapy in preventing VA in Brugada patients are small and
mainly non-randomized.

The first observation suggesting the efficacy of quini-
dine comes from Belhassen et al.,” who, in 2004, in a
prospective study used quinidine bisulphate (mean dose
1483 + 240 mg) in 25 Brugada patients (24 men, 1 woman;
age 19-80 years) with inducible ventricular fibrillation (VF)
at baseline electrophysiological study (EPS). That cohort
included 15 symptomatic (seven cardiac arrest survivors,
seven patients with unexplained syncope, and one with
symptomatic VT) and 10 asymptomatic patients. Quinidine
prevented VF re-induction in 22 of the 25 patients (88%)
and there were no arrhythmic events at a follow-up of 6
months to 22 years. However, 36% of patients showed side
effects that resolved after drug discontinuation.

In the same period, Hermida et al.® reported on 35 sub-
jects (32 men; mean age 48 + 11 years) who received hy-
droquinidine (HQ) 600-900 mg/day. Thirty-one had
asymptomatic Brugada ECG pattern and inducible VA and
four had multiple appropriate ICD shocks. HQ prevented
VT/VF inducibility in 76% of asymptomatic patients who
repeated EPS on therapy. Syncope occurred in two of the
21 patients who received long-term (17 + 13 months) HQ
therapy (one syncope associated with QT interval pro-
longation and one unexplained syncope associated with
probable non-compliance). HQ prevented VT/VF recur-
rences in all patients with multiple ICD shocks at a mean
follow-up of 14+ 8 months. Side effects occurred in 14%
of patients.

In 2009, Belhassen et al.’ published on the long-term ef-
ficacy of EPS-guided quinidine therapy in a small group of
patients. Eight patients had a previous aborted cardiac ar-
rest and one had recurrent syncope, for five patients clin-
ical events were due to Brugada syndrome and for four to
idiopathic VF. All patients had inducible sustained VF at
baseline EPS that was prevented by quinidine therapy.
All underwent another EPS on medication after 1.7-23.6
years (>5 years in eight patients) to ascertain persistent
long-term drug efficacy in six patients and to elucidate
the reasons for syncopal episodes during therapy in three.
No sustained VA could be induced in any patient and no re-
current arrhythmic events were documented at 15+7
years of follow-up.

Marquez et al.'® in 2012 published a retrospective ana-
lysis on six men with Brugada syndrome who received
<600 mg/day of quinidine sulphate or HQ after ICD im-
plantation. Quinidine was initiated after appropriate
shocks, including arrhythmic storm in four cases.
Quinidine prevented the recurrence of VA in all patients,
without side effects, during a median follow-up of 4 years.
Three subjects who discontinued the medication experi-
enced VA recurrences afterwards, successfully treated
by restarting quinidine.

In 2014, Bouzeman et al."" evaluated the long-term ef-
ficacy and safety of an EPS-guided HQ therapy in 44 asymp-
tomatic Brugada patients with inducible VF. HQ dosage
was 600 mg/day, targeting a therapeutic range between
3 and 6 umol/L. Of these, 34 (77%) were no more inducible
and were maintained under HQ alone during a mean
follow-up of 6 years. In this group, an ICD was eventually
implanted in four patients (12%, two with syncope and
two with major HQ intolerance), with the occurrence of
appropriate ICD therapy in one out of the four. Among
the other 10 patients (22%), who remained inducible and

received an ICD, none received appropriate therapy dur-
ing a mean follow-up of 7.7 +2 years. The overall annual
rate of arrhythmic events was 1.04% (95% Cl: 0.00-2.21),
without any significant difference according to the result
of EPS under HQ. However, this study did not show any
event in the patients receiving HQ therapy. The main pro-
blems were related to drug intolerance leading to drug dis-
continuation and to the possibility of low compliance.

In 2016, Anguera et al.'? conducted a nationwide obser-
vational survey and demonstrated the beneficial effects of
quinidine as secondary prevention in symptomatic
Brugada patients, all with an ICD. Twenty-nine patients
were prescribed quinidine for recurrent VA, quinidine bi-
sulphate in 10 (mean dose 591 + 239 mg/day), and HQ in
19 (mean dose 697 +318 mg/day). After a mean period
of 60+ 41 months under quinidine treatment, 19 patients
(66%) remained free of appropriate ICD discharges.
Quinidine administration was associated with a significant
reduction of ICD shocks. Predictors of recurrent shocks in
the univariate analysis were a temporary discontinuation
of quinidine, due to side effects or to a patient decision
(HR 4.6; 95% Cl 1.28-16.6) and the number of shocks prior
to quinidine initiation (HR 1.13; 95% ClI 1.01-1.26). The
authors hypothesized that some patients may be relatively
resistant to quinidine and may require higher doses to con-
trol VA.

The QUIDAM study by Probst et al."® in 2017 was the first
prospective randomized double-blind study. Fifty patients
were enrolled, all implanted with an ICD. During the
36-month follow-up, one appropriate ICD shock (0.97%
event per year) and one self-terminating VF occurred un-
der placebo therapy. No arrhythmic events were reported
under HQ therapy. However, a statistically significant dif-
ference compared with the placebo was not observed,
mainly because of the very low incidence of arrhythmic
events in the enrolled population. Moreover, 68% of pa-
tients presented HQ-related side effects, mainly gastro-
intestinal, which led to discontinuation of the therapy in
26%.

In arecent study, Mazzanti et al.'” compared the clinical
course of 53 Brugada patients treated with HQ to that of
441 matched untreated controls and the annual incidence
of arrhythmic events in 123 patients with aborted SCD (27
treated with HQ and 96 not treated). HQ, at a mean dosage
of 439 + 115 mg/day, reduced by 26% the overall risk of
experiencing an arrhythmic event at a mean follow-up of
5 years. In the 123 patients with previous VA, the annual
rate of recurrences decreased from 14.7% off-quinidine
to 3.9% on-quinidine (HR 0.33; 95% Cl 0.12-0.92). In this
study, a lower mean dosage made the drug better toler-
ated, with only 6% of drug discontinuation, but at the ex-
pense of an incomplete protection from VA recurrences.

1.14

Quinidine therapy for supraventricular
arrhythmias

The relation between Brugada ECG pattern and supraven-
tricular arrhythmias, especially AF, has been reported with
a highly variable prevalence, ranging from 11% to 39%.%>"°
The use of class IC anti-arrhythmic drugs (AAD) in the pre-
vention of supraventricular arrhythmias is contraindicated
in Brugada patients because they can unmask the coved-
type ST-segment elevation and pre-dispose to VA.*
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In 2014, our group reported the prevalence of AF or at-
rial flutter (AFl) among 560 patients with Brugada type 1
ECG and analysed its correlation with prognosis and the ef-
ficacy of HQ treatment.'® Forty-eight patients (9%) had
AF/AFL: in 23 patients the diagnosis of Brugada ECG pat-
tern preceded that of AF/AFL (group 1), while in 25 pa-
tients AF/AFl were diagnosed first and the Brugada ECG
pattern was seen only after administration of class IC
AADs for cardioversion/prophylaxis (group 2). Nine pa-
tients in group 1 and nine in group 2 received HQ for AF/
AFLl prophylaxis and none had recurrences on therapy.
Moreover, patients in group 1 were significantly younger
than those in group 2 (mean age 47 + 15 years vs. 59 + 11
years) and had a worse prognosis, indeed AF in this group
could be a marker of more advanced disease.

All these studies show that quinidine may be a useful al-
ternative anti-arrhythmic therapy for supraventricular ar-
rhythmias in Brugada patients.

Quinidine therapy in the paediatric Brugada
population

It is well known that ICD implantation is associated with
significant morbidity in children, therefore, quinidine
may represent a good alternative in younger Brugada pa-
tients at risk for malignant arrhythmias, at least until
adult age.

Probst et al.'” described 30 children and adolescents
(<16 years, mean age 8 +5) with Brugada syndrome. Ten
out of 11 patients with symptoms had spontaneous type
1 ECG pattern. VA generally occurred at rest, often during
febrile episodes. An ICD was implanted in five children and
therapy with quinidine was started in four. No VA occurred
in patients treated with quinidine during a mean follow-up
of 28 +24 months and the treatment was well tolerated.
Moreover, 13% of these paediatric patients presented
AF/AFL, which is very uncommon in children without struc-
tural heart disease, and without recurrences in HQ.

Andorin et al."® in 2016 evaluated a population of 106

patients younger than 19 years (67 under the age of 15),
22 treated with ICD (21%). Hydroquinidine was started in
11 patients (10%): of these, eight (73%) had experienced
an arrhythmic event and nine (82%) had spontaneous
type 1 ECG pattern. No side effects were reported. Eight
out of 11 (73%) patients receiving HQ remained free
from VA during therapy. On the other hand, 41% of patients
experienced ICD-related complications.

Quinidine mechanism of action

Quinidine, as well as its derivative HQ, has multi-channel
blocking properties leading to very complex and still not
completely unravelled electrophysiological effects, also
depending on baseline conditions and cardiac ionic chan-
nel balance. Quinidine has been historically classified
among the class | (membrane stabilizing), sub-group B
(intermediate offset kinetics) AAD within the Vaughan
Williams classification, because it blocks the rapid sodium
channel (/ya) in the activated state with a high relative
blocking potency and an intermediate (200-1500 ms)
time constant for recovery from block. Yet, this kind of
classification can be misleading, since numerous other
cardiac channels and receptors are affected by quinidine,
well explaining its potential usage in different clinical set-
tings, but also its potential for pro-arrhythmic effects
(Figure 1)." Quinidine is an at least moderate potency
blocker of the transient outward potassium (K*) current
(lvo), of the inward rectifier K™ current (Ix{), and of both
the component of the delayed rectifier K* current (Ix,
and lxs). The drug also reduces the L-type calcium (Ic3)
and the late inward sodium (/\.) currents, as well as being
a low potency competitive and reversible antagonist of
alfa-1 and alfa-2 adrenergic receptors. Finally, quinidine
exerts prominent peripheral post-synaptic anti-
cholinergic effects most likely due to the combination of
a direct and competitive anti-muscarinic (M1 and M2) re-
ceptors blockage, and a direct inhibition of the muscarine
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receptor-activated K* channel current (Ixacn).2° Altogether,
these complex molecular effects affect all phases of car-
diac action potential (AP) and translate into a prominent
change of AP duration and shape.?' Quinidine decreases
the phase zero of rapid depolarization, prolongs early repo-
larization (phase 1), shortens the plateau (phase 2), and
prolongs the late repolarization (phase 3), thereby leading
to AP duration prolongation and a more triangular shape (an
effect better known as AP triangulation). Notably, although
quinidine prolongs AP duration, due to the relatively long
kinetics of dissociation of the drug from I\,, sodium chan-
nels are still largely blocked even after the restoration of
resting membrane potential. This leads to a prolongation
of the effective refractory period beyond AP duration (post-
repolarization refractoriness).

The most generally accepted pathophysiological inter-
pretation of the Brugada syndrome is that the main ar-
rhythmogenic mechanism is related to the local
disruption of phase 1 of ventricular AP at the right ven-
tricular epicardial level, due to a combination of reduced
inward currents (Iya and Ic;), and increased outward cur-
rents (mostly I, but also Ixatp, Ikr, Ikss Ikach, and Ixq), lead-
ing to the accentuation of the AP notch and eventual loss
of AP dome. Loss of the AP dome typically occurs at some
epicardial sites, but not others, resulting in a marked in-
crease of ventricular repolarization and refractoriness dis-
persion within the epicardium as well as between
epicardium and endocardium (transmural dispersion of re-
polarization, TDR) and finally, giving rise to phase-2 related
short-coupled pre-mature ventricular beats and re-entrant
polymorphic VA. Accordingly, pre-clinical data clearly
showed that I, block restores epicardial AP dome, nor-
malizes the ST segment, and prevents VA in experimental
models of Brugada syndrome, and the same was demon-
strated for quinidine, although direct I, blockade is not
the only mechanism responsible for quinidine anti-
arrhythmic effects. Quinidine may directly counteract the
pro-arrhythmic consequences of cholinergic activation in
the Brugada syndrome that have been related to a combin-
ation of bradycardia (that intrinsically increases I, current
due to its slow recovery from inactivation and its higher
availability at slower heart rate), increased heart rate vari-
ability (leading to increased AP instability and temporal dis-
persion), Ixach augmentation and /¢, suppression.21

Quinidine side effects

Side effects are common during quinidine therapy, often
leading to drug discontinuation. The most common side ef-
fects are gastrointestinal, usually diarrhoea. The electro-
lyte imbalances may be harmful by facilitating the onset of
VA, therefore, in the case of diarrhoea, the therapy with
quinidine should be reduced or possibly interrupted.

Another important adverse effect of quinidine is the
ventricular pro-arrhythmic effect (torsade de pointes
with recurrent syncope and even SCD), due to QT pro-
longation, occurring generally within 1-3 h after the last
quinidine dose and more frequently in the first 48-72 h
from the beginning of therapy. Therefore, it is recom-
mended to start quinidine administration during a short
hospitalization or at least to record an ECG after the first
administration. Monitoring quinidine plasma level can be
useful to maintain a therapeutic blood level range, as sug-
gested by a few studies.® "3

Digoxin can have an increased arrhythmic risk when as-
sociated with quinidine, because quinidine reduces its re-
nal tubular secretion, increasing digoxin blood levels. The
association with other QT-prolonging drugs should be
avoided, for the increased risk of torsade de pointes.

Other dose-related and reversible side effects include
tinnitus, headache, dizziness, visual disturbances, nau-
sea, and decreased hearing, usually defined as ‘cinchon-
ism’. Hypersensitivity reaction, as haemolytic anaemia,
agranulocytosis and thrombocytopenia, rashes, lupus,
and hepatitis can rarely occur.?

Other anti-arrhythmic drugs

Other drugs with possible anti-arrhythmic effect in
Brugada syndrome have been described.* In 1996, the
group of Miyazaki et al.?® explored the effect of different
AAD on ECG Brugada pattern in four patients, and de-
scribed how the Brugada ECG pattern was mitigated during
beta-adrenoceptor stimulation by isoproterenol. The effi-
cacy of isoproterenol infusion in the suppression of elec-
trical storms in Brugada patients was later reported?*2°
and its use in this context is supported by the most recent
ESC guidelines with a class Ila recommendation.>

As a possible alternative to quinidine, ESC guidelines sug-
gest the phosphodiesterase-3 inhibitor cilostazol® that acts
by increasing the inward calcium current (/c,..) and inhibit-
ing the transient outward potassium current (ly).2>?

Several small reports described the use of other drugs
such as the beta-stimulator orciprenaline (10-40 times
less potent than isoprenaline) in electrical storms?” or be-
pridil as a chronic anti-arrhythmic treatment, a drug ori-
ginally proposed as a calcium antagonist, also inhibiting
outward K* currents and Iy,.2>"?% These drugs are not avail-
able in all countries.

Despite many authors reporting on the possible mechan-
isms and efficacy of diverse anti-arrhythmic treatments in
Brugada patients, the evidence for their use, with the ex-
ception of quinidine and isoproterenol, remains insuffi-
cient to draw certain conclusions and recommendations.

Discussion

The main clinical reasons that can lead to the prescription
of quinidine therapy in Brugada patients are as follows:

« recurrent VA and multiple ICD shocks®

o EPS-guided therapy in asymptomatic Brugada pa-
tients with VA induced at the basal EPS®%1:13

« supraventricular arrhythmias, mainly AF'®

« paediatric population'”>"®

The efficacy of quinidine therapy in the prevention of VA in
Brugada syndrome has been demonstrated by several small
studies. Those studies which considered patients with previ-
ous cardiac arrest, already implanted with an ICD, have clear-
ly proved the ability of the drug to prevent or significantly
reduce arrhythmic recurrences.®'%"? In several studies, VA
recurrences were observed in patients who discontinued the
medication, and successfully treated by restarting therapy. '

The asymptomatic patients with spontaneous type 1
ECG pattern have a low but not negligible risk of SCD.
The 2022 ESC guidelines consider EPS for risk stratification
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and ICD implantation in the case of inducible VF (class
IIb).3 The possibility of long-term device-related compli-
cations (e.g. lead fracture, infections, psychological dis-
tress, and so on) in this population, however, can
outweigh the expected benefits. In the asymptomatic pa-
tients with inducible VF at EPS, who represent indeed the
majority of subjects enrolled in the pharmacological stud-
ies, quinidine could be an alternative. Indirect evidence of
its value is given by the prevention of VF inducibility; how-
ever, the low incidence of spontaneous arrhythmic events
in this group does not allow to definitely prove its efficacy.

Supraventricular arrhythmias, especially AF, have a
higher incidence in Brugada patients, as compared with
the general population, and often occur at a younger
age. Quinidine is the only pharmacological option in the
prevention of recurrences, the alternative being repre-
sented by catheter ablation.'®

Quinidine is particularly indicated in the paediatric popu-
lation, also as a bridge to ICD, considering the problems as-
sociated with device implantation in young patients.'”>'®

Unfortunately, quinidine therapy presents a relatively
high incidence of side effects that can lead to drug discon-
tinuation. An option in these cases may be dose reduction:
low-dose quinidine (<600 mg daily) has been associated
with greater tolerability, which however might imply a re-
duced efficacy.™

Quinidine mechanism of action is not completely under-
stood, but it seems to be at least partially due its I, block-
ing effect and its anti-cholinergic activity.??

In conclusion, to date quinidine is the only drug with suf-
ficient evidence of efficacy and safety to be considered
among the therapeutic tools for the prevention of both
ventricular and supraventricular arrhythmias in Brugada
patients.
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