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KEY TEACHING POINTS

� Cilostazol was ineffective in preventing arrhythmic
events in the patient.

� Quinidine suspension provoked an arrhythmic
storm, which was treated with the implantable
cardioverter-defibrillator.

� Quinidine was successful in suppressing malignant
arrhythmias in Brugada syndrome (BrS).

� Two variants in TTN and DSP are proposed in
association with BrS.

� Cilostazol in BrS must be used with caution because
Introduction
Brugada syndrome (BrS) is a disease with a high risk of
developing ventricular arrhythmias leading to sudden car-
diac death. Although an implantable cardioverter-
defibrillator (ICD) is the first treatment option for symptom-
atic BrS, as it terminates malignant arrhythmias, it does not
prevent arrhythmic events.1 Therefore, in subjects with an
ICD who present with a ventricular tachycardia / ventricular
fibrillation (VF) episode, a beneficial effect of long-term
management with drugs like quinidine and cilostazol has
been described.2 Herein, we present the long-term follow-
up of a patient with BrS for whom cilostazol had no clinical
benefit and who developed an arrhythmic storm after quin-
idine suspension.
of resistant arrhythmic events.
Case report
A 45-year-old man was admitted to the Emergency Depart-
ment owing to 15 ICD shocks over 24 hours. ICD interroga-
tion revealed multiple VF episodes appropriately terminated.
This patient was initially reported in 2012.3 The present
report represents a 16-year follow-up. He received an ICD
placement in May 2008 (in another hospital) after an episode
of sudden cardiac arrest and was discharged without pharma-
cological treatment. He was first evaluated at our institution 1
month later (June 2008). Physical examination, echocardio-
gram, and treadmill exercise testing were all normal. The
12-lead electrocardiogram (ECG) revealed sinus bradycardia
with a PR interval of 200ms and an ECG type I pattern of BrS
more evident on high precordial leads. Figure 1 exhibits
“high precordial leads” from the case index as described by
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our group: leads V1–V3 are placed in the right intercostal
space, just lateral to the sternum, and, in reality, correspond
to right second, third, and fourth intercostal spaces
(Figure 1).4 This patient had a history of 3 first-degree rela-
tives deceased by sudden cardiac death (Supplemental
Figure 1), so all current relatives were cited for further clin-
ical analysis. None of them had relevant clinical findings,
nor an ECG compatible with BrS. Genetic testing of the
proband (case index) was performed in 2013 using
next-generation sequencing, including a panel of 39 genes
associated with familial arrhythmias (sponsored by Sistemas
Genómicos, Valencia, Spain). Two variants of uncertain
significance were identified: variant c.4372C.G
(p.Arg1459Gly) in exon 23b of the DSP gene (encoding
desmoplakin) and variant c.49460G.A (p.Arg16487Gln)
in exon 327 of the TTN gene (encoding titin), both confirmed
by Sanger sequencing (additional bioinformatic information
is included in Supplemental Table 1). A cascade screening
was not possible.
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Figure 1 High precordial leads: V1–V3, corresponding to right second,
third, and fourth intercostal spaces, from the index case.
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Six months after ICD implantation, the patient experienced
6 appropriate shocks during sleep. A 12-lead ECG showed J-
point elevation in the right precordial leads (V1 5 5 mm; V2

5 6 mm). A complete neurological examination was normal.
As quinidine is not commercially available in our country,
and there were a few cases in the literature indicating that cilos-
tazol could be beneficial, oral cilostazol (available for the treat-
ment of arterial peripheral disease) was started at an initial dose
of 100 mg per day (50 mg twice a day), which was later
increased to 150 mg daily after 8 days of therapy. Regardless
of cilostazol therapy, and in the absence of any other potential
trigger (eg, fever, electrolyte abnormalities, alcohol intake, etc),
the patient still experienced an episode of spontaneousVF, suc-
cessfully terminated by the ICD, and no significant changes
were observed in the ECG under cilostazol (Figure 2). Cilosta-
zolwas replaced byquinidine sulfate 300mg twice per day, and
no further arrhythmias occurred during a long-term follow-up
(15 years) until November 2, 2022, when the patient arrived
at the Emergency Department, presenting multiple appropriate
ICD shocks owing toVF episodes (Figure 3). The patient noted
that he had to stop the treatment because he could not obtain
quinidine from any source. During an estimated period of
2 months, the patient only took the prescribed dose of the
drug on days he felt slightly symptomatic (ie, mild palpitations,
exertion, dizziness). It was not until he completely ran out of
quinidine and did not take the drug for multiple consecutive
days that the electrical stormpresented, denoting the on-and-off
phenomenon typically seen with quinidine.
Discussion
Herein, we describe a patient with (1) a lack of clinical benefit
to cilostazol therapy; (2) a successful therapeutic response to
quinidine, with immediate suppression of the arrhythmo-
genic triggers (premature ventricular contractions); and (3)
an “on-and-off” phenomenon manifested with arrhythmic
storm appropriately treated with the ICD, associated with
the suspension of medication.5,6

Chronic pharmacological treatment of BrS has been
described with multiple drugs, including quinidine, bepridil,
and cilostazol, to prevent arrhythmic events.2 In the pre-
sented case, it was decided to give low doses of quinidine
(600 mg/day) after the first episode of the arrhythmic storm
14 years ago owing to a lack of response to cilostazol at a
dose of 150 mg (the patient developed an episode of VF un-
der treatment with this drug). After receiving quinidine treat-
ment, the patient was symptom-free for several years.
However, after discontinuing the medication for several
months, he experienced an arrhythmic storm. Since quinidine
is not available in the Mexican market and its importation
fees are costly, many patients with BrS in the country face
similar risks. This case underscores the relevance of ensuring
local access to quinidine.

To obtain information on the efficacy of quinidine as a
pharmacological agent to prevent arrhythmic events in pa-
tients with BrS after failed cilostazol therapy, an in-depth
literature review was done. Multiple search engines were
used (ie, PubMed, Google Scholar, Scopus, Scielo, and EM-
BASE), and the following inclusion criteria were established:
(1) diagnosis of BrS (with baseline or evoked Brugada
pattern I, II, or III), (2) absence of any structural heart disease
(demonstrated by physical examination and/or imaging
studies), and (3) presence of arrhythmic events anytime
following the placement of an ICD. Five patients were iden-
tified. Supplemental Table 2 is a pooled analysis of the case
reports as mentioned above.

In the literature reviewed, patients 1 and 2 (Supplemental
Table 2) reported malignant arrhythmia suppression after
initiation of monotherapy treatment with quinidine doses of
900–1000 mg/day.7,8 It is worth mentioning that quinidine
and quinine are structurally similar to tryptophan, and quin-
idine may act as a competitive antagonist at the different
enzymatic tryptophan binding sites, causing a decreased con-
version of tryptophan into serotonin. As stated by Shenthar
and colleagues,8 a tryptophan-rich diet is recommended in
patients undergoing quinidine treatment to prevent
cinchonism-related symptoms. Patient 3 needed triple ther-
apy (cilostazol 100 mg/day, quinidine sulfate 600 mg/day,
and diltiazem 90 mg/day) to suppress all forms of malignant
arrhythmias successfully,9 although it is worth mentioning
that clinical benefit in this patient solely with quinidine as
monotherapy might have been achieved by equaling the
dosage used for patients 1 and 2. Patient 4 presented similar
circumstances as the patient outlined in this case report. He
demonstrated an excellent response against the development
of ventricular arrhythmias with quinidine as monotherapy.
However, owing to an insufficient supply of this drug, he
was then switched to a regime of cilostazol and bepridil,
but episodes of VF recurred.10 Only 1 patient (patient 5) re-
ported drug failure with both quinidine and cilostazol,
although escalating the dosage with quinidine to achieve
therapeutic effects was not attempted. Instead, a radiofre-
quency catheter ablation procedure was performed to
completely stop the malignant arrhythmias. Twenty-nine
months after ablation, the patient remained free of events.11

Concerning patient 4, catheter ablation was also performed
owing to lack of quinidine (cases 4 and 5 from Japan).



Figure 2 Precordial leads of index case before and after drug therapy.A: Pre–drug therapy.B:Under 100 mg/d of cilostazol.C:Under 150 mg/d of cilostazol.
Close-up: Note the lack of a significant effect on ST-segment elevation or J point under cilostazol compared to image A.D:One week after 600 mg/d of quinidine
sulfate. Close-up: Note the normalization of the ST/J point electrocardiogram morphology and disappearance of the type 1 Brugada syndrome pattern.
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Fourteen months postablation, the patient was asymptomatic.
Difficulties in obtaining quinidine were identified in Japan,
India, Mexico, and Canada.

Regarding the genetic aspect of BrS, approximately 44
genes associated with BrS and its subtypes have been
described. SCN5A is the most common gene affected, encom-
passing most cases described in the medical literature. On the
other hand, DSP and TTN genes have also been associated
Figure 3 Implantable cardioverter-defibrillator (ICD) electrogram during the arrh
lation successfully terminated by a 36 joule ICD shock (red arrow).
with BrS, representing just a small fraction (,1%) of cases.
The potential involvement of these 2 genes, mutated in this
case, is discussed below.12

In this case report, a genetic panel of 39 genes was ob-
tained after the clinical diagnosis, finding 2 variants of uncer-
tain significance in DSP and TTN, respectively. Both genes
were recently stated to be in association with BrS in a cohort
of patients from China.13 However, with the information
ythmic storm event after quinidine discontinuation showed ventricular fibril-
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available today, there is not enough evidence to classify the
variants as pathogenic or likely pathogenic. This DSP gene
encodes a protein that anchors intermediate filaments to
desmosomal plaques. The change p.Arg1458Gly is located
in a moderately conserved residue (Grantham distance: 125
[0–215]), and its potential participation in heart rhythm disor-
ders is controversial. On the other hand, variant
c.49460G.A (p.Arg16487Gln), located in the TTN gene, en-
codes a large, abundant protein in striated muscle; the amino
acids implied in the change p.Arg16487Gln have slight phys-
icochemical differences (Grantham distance: 43 [0–215]).
This variant has not been reported before as a single nucleo-
tide variant or as the cause of a disease. Owing to the need to
accumulate evidence in heart rhythm disorders, the informa-
tion obtained is included for the diffusion of knowledge
because BrS is predominantly autosomal dominant, and
different inheritance patterns cannot be defined in this case.

A clinically relevant finding obtained from this case report
is the lack of efficacy of cilostazol. This finding opposes what
is stated in recent guidelines, as it is still considered a viable
alternative for quinidine as pharmacological therapy for
BrS.3,8 The apparent limited response to cilostazol and suc-
cessful control with quinidine might be associated with the
mutations and genes affected in this case (DSP and TTN)
and contrast with a report including human-induced pluripo-
tent stem cell–derived cardiomyocytes where it was found
that cilostazol inhibited transient outward potassium current
and reduced arrhythmic activity in 2 patients with a heterozy-
gous mutation in SCN5A (a target of quinidine).14 This
discrepancy could arise from the fact that quinidine acts
through a different mechanism of action, primarily blocking
rapid sodium channels (ie, SCN1A-SCN10A) and affecting
calcium transport across cellular membranes. In contrast, cil-
ostazol acts through inhibition of PDE3 (phosphodiesterase
3), causing suppression of transient outward potassium Ito.
As stated by network analysis of protein interaction
(Supplemental Figure 2), DSP and TTN have a more intricate
interaction with fast sodium channels when compared to
PDE3 (effective in some cases).14 Further functional studies
are needed to gain a deeper understanding of these clinical
distinctions.

To the best of our knowledge, there have been few case
reports in the medical literature reporting cilostazol-
resistant arrhythmic events in patients with BrS but who
are not genotyped. In addition, monotherapy with cilostazol
tends to cause symptomatic palpitations and impels the use
of a secondary agent (eg, bepridil or other calcium channel
blockers) to avoid this adverse effect. We consider that the
role of cilostazol in the prophylaxis of arrhythmic events in
BrS must be re-evaluated.

It is relevant to note that the reason for the suspension of
pharmacological therapy with quinidine was its lack of avail-
ability in our country. The patient arranged to acquire the
medication through fellow patients, until a shortage occurred.
Also, although a few importer companies exist, the prices
were too high for this patient and he could not afford to
pay for it. This led him to discontinue the treatment, with
the subsequent risk to his life. This situation is also informed
in other countries where quinidine availability is scarce.5,6
Conclusion
We present a case of BrS in which cilostazol was ineffective
in preventing arrhythmic events. On the contrary, an excel-
lent clinical response to quinidine, both short-term and
long-term, was demonstrated.
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