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ARTICLE INFO ABSTRACT

Keywords: Brugada phenocopies are Brugada-like ECG patterns induced by reversible clinical conditions. Baranchuk and col-
Brugada syndrome leagues characterized this condition in 2012, and since then the phenomenon has been increasingly reported. It
Brugada phenocopy has the same pattern classification of Brugada syndrome (i.e., types 1 and 2), but differs substantially regarding
Sudden cardiac death etiology and prognosis. Awareness of Brugada phenocopies must be sought to help understanding the mecha-
Channelopathy nisms of ion channel dysfunction and to avoid misdiagnosis and mistreatment of Brugada syndrome.

© 2019 Elsevier Inc. All rights reserved.
Introduction Pathogenesis

The Brugada brothers described in 1992 a “clinical and electrocar-
diographic syndrome” which later received their name [1]. It is an auto-
somal dominant heart disease caused by dysfunctional ion channels
whose carriers have a classical ECG pattern and a predisposition to ma-
lignant ventricular arrhythmias. ECG alterations can be dynamic and
sometimes are unmasked by acquired conditions such as fever and elec-
trolyte abnormalities, which may complicate the diagnosis [2]. In fact,
reports of atypical ECG consistent with Brugada pattern exist since
1953 [3], but the syndrome remained elusive for almost 4 decades.

However, Brugada-like ECG findings may be incited even in the ab-
sence of congenital dysfunction of ion channels. These cases have spread
some confusion on the terminology around the pattern, with some au-
thors referring them as “acquired Brugada syndrome”, “Brugada syn-
drome mimicry” and “Brugada-like ST segment abnormalities”, among
many other terms. Riera and colleagues [5] proposed the description
“Brugada phenocopy”, and Baranchuk and colleagues [6] further charac-
terized the condition. They systematically reviewed reports, established
an etiologic classification, and speculated possible mechanisms, making
a scientific approach to the phenomenon feasible.

There is a growing interest in understanding Brugada phenocopies.
It is unknown whether they pose an increased risk of arrhythmias and
sudden death; hence, their optimal management is uncertain [7,8].
They must not be mistaken with Brugada syndrome, for which progno-
sis and therapeutical approach are standardized [9].
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Possible mechanisms for Brugada phenocopies are speculative
[6-8,10,11]. It is thought that the pattern is induced by an imbalance be-
tween ion currents during the phase 1 of the action potential (AP) or by
conduction delays in the anterior myocardial wall. This is similar to
what occurs in Brugada syndrome according to the repolarization and
depolarization theories, respectively [2,10-13].

According to the former explanation, a net outward shift would be
created by increased transient outward potassium current (I;,) or by de-
creased inward currents, mainly L-type calcium current and peak so-
dium channel current. This shift may be most present in tissues with
normally prominent I, such as the epicardium of the right ventricular
outflow tract (RVOT). The endocardium presents a lesser I;, and there-
fore would not suffer as many ionic imbalances. The consequent
transmural gradient might give rise to the Brugada pattern [10-13]. At
late phase 1 of the AP, these shifts cause all-or-none repolarization of
some epicardial sites, inducing focal dispersion of repolarization [13].
It leads to local re-excitation and phase 2 reentry arrhythmias.

The depolarization model, nevertheless, states that ionic dysfunction
resulting in delayed depolarization of the RVOT would be responsible
for creating an electrical gradient with the rest of the RV [10,12,13].
Such delay works similarly in an ischemic zone during an anterior
wall myocardial infarction, which may incite a ST segment elevation to-
wards the right precordial leads along with malignant arrhythmias due
to afterdepolarizations [10,12,13].

Accordingly, a recent study using simulations of the normal anterior
ventricular wall showed that potassium concentration, fibrosis, and I,
were implicated in generating Brugada pattern [14]. Hyperkalemia re-
sulted in delayed conduction and unexcitability by increasing the rest-
ing potential, which makes the sodium channels unavailable. This
finding is facilitated by the presence of fibrosis, thus requiring lower
concentrations of potassium to incite characteristic ST-T alterations.
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Finally, an increase in I, resulted in a transmural gradient that was syn-
ergistic with the slower conduction generated by hyperkalemia and fi-
brosis in inducing Brugada Phenocopies [14].

In Brugada syndrome, these alterations stem from congenital ion
channel dysfunctions. Interventions in canine hearts decreasing the in-
ward currents or increasing the outward currents during the AP plateau
have been shown to incite Brugada-like ST elevation and reentry ar-
rhythmias [8-10]. Reversible clinical conditions may likewise cause
ion channel dysfunctions transiently, mimicking the pathogenesis of
Brugada syndrome and providing a general explanation for this phe-
nomenon [11-12,15]. Interestingly, tachycardia has been linked to the
development of a Brugada phenocopy in the context of hyperkalemia,
once again pointing to dynamic ion channel dysfunction as a basis for
the phenomenon [16]. However, there are no animal models on
Brugada phenocopies, and most existing theories arise from studies on
Brugada syndrome.

Causes

There are >100 published cases of Brugada phenocopies [17]. Aiming
the clarification of the topic, the International Registry of Brugada
phenocopies maintains an online database for the documentation and
follow-up of these patients. Based on the standardization proposed by
Baranchuk and colleagues [6], they classify causes of phenocopies as
shown in Table 1 [7,17].

Most cases of phenocopies are related to metabolic imbalances, is-
chemia, and pulmonary embolism [17]. Notably, hyper- and hypokale-
mia represent the only conditions known to cause recurrent Brugada
phenocopy; such reports allow greater assurance on the causal relation-
ship between the concurrent condition and the pattern [18,19].

It is intuitive to imagine how metabolic derangements induce
Brugada pattern. These conditions are known to affect ionic transport
across plasma membrane, which may cause reversible alterations in so-
dium currents and I, [6,13,18]. Such alterations may be responsible for
creating a transmural myocardial gradient or for slowing conduction
around RVOT, thereby inducing the ECG pattern. In fact, cases of
hyperkalemia are thought to induce transient sodium channel dysfunc-
tion, whereas hypokalemia enhances I, directly [6,13]. Ischemia, how-
ever, is more elusive: Brugada phenocopies have been seen with
either coronary artery as the culprit [20,21]. Most reports include ath-
erosclerotic coronary disease, but fistulae [22] and congenital anomalies
[23] have also been linked to development of Brugada pattern. More-
over, in a study with drug induced coronary spasm, ischemia in the
right coronary artery area was more likely to be associated with devel-
opment of Brugada pattern [20]. What exact ionic mechanism elicits the
pattern is unknown. It is possible that ischemia in the RVOT play a role,
as it may induce ion channel dysfunctions consistent with those ac-
cepted for Brugada syndrome [20]. Pulmonary embolism may likewise
induce transmural RV ischemia due to acute pressure overload and
muscle stretch [24]. Nevertheless, it is unclear how LV ischemia during
acute coronary syndromes would also generate Brugada phenocopies.
Two cases of atypical ST elevation myocardial infarction leading to
Brugada pattern in the anterolateral [21] and inferior [25] walls have
been reported. It is plausible that ion channel dysfunctions similar to
those of the RVOT in Brugada syndrome happen elsewhere in the
heart with corresponding ECG findings.

Table 1
Etiological categories of Brugada Phenocopies as for the International Registry [17].

Metabolic imbalance

Mechanical compression

Ischemia and pulmonary embolism
Myocardial and pericardial disease
ECG modulation

Miscellaneous

Etiological category

Mechanical compression and peri-myocardial disease, albeit rela-
tively common among Brugada phenocopies, are poorly understood. A
non-Hodgkin lymphoma has been reported to compress the RVOT in-
ducing a Brugada phenocopy with ECG normalization after antineoplas-
tic treatment [26]; it is ensuing that the pressure over the RV has
induced the appropriate channel dysfunctions to incite Brugada pattern.
Correspondingly, pneumothoraxes are also linked to Brugada pattern
due to the same mechanism, though they may induce RVOT ischemia
as well [27].

The means by which pericarditis and myocarditis might trigger
Brugada phenocopies are even more uncertain, but the injury and in-
flammation may lead to ion channel dysfunction in the RVOT [28]. Addi-
tionally, Brugada pattern seems to be rare in Chagas' disease in view of
the paucity of reports; the frequent presence of severe intraventricular
conduction delays may hinder the detection of classical ECG findings
in V1-V3 [29]. Nevertheless, this disorder courses with extensive fibro-
sis of the basal regions of the heart, which likely predisposes to the oc-
currence of Brugada phenocopies [14]. Other, more exotic causes, such
as aluminum phosphide and yellow phosphorus intoxication, are very
little comprehended [30,31].

Finally, ECG modulation has been lately regarded as a cause of
Brugada phenocopies. These artifacts are associated with high-pass fil-
ter used to attenuate low-frequency interference. As a result, some
low-frequency ECG components such as the ST-T may be distorted,
thereby mimicking Brugada pattern [32].

Diagnosis

The diagnosis of Brugada phenocopies as currently accepted by the
International Registry of Brugada phenocopies lies on a set of criteria
(Table 2) that focuses on the main characteristics of the phenomenon;
cases are divided based on ECG morphology and number of met criteria
[33,34]. A four-step approach has been suggested [17] for making the di-
agnosis of a suspected case:

1) Identify Brugada ECG pattern;
2) Determine low pretest probability of Brugada syndrome;
3) Undertake drug challenge with a sodium channel blocker:
a. ajmaline, 1 mg/kg, over 5 min;
b. flecainide, 2 mg/kg, over 10 min;
c. procainamide, 10 mg/kg, over 10 min; or
d. pilsicainide, 1 mg/kg, over 10 min.

4) Do genetic testing (not mandatory).

The ECG pattern is classified as type 1 or type 2 based on leads V1-
V3. Type 1 Brugada pattern (Fig. 1) is characterized by >2 mm ST eleva-
tion followed by concave or rectilinear downsloping ST-segment, with
negative and symmetric T wave [2]. Type 2 Brugada pattern (Fig. 2)
has a takeoff (1’) > 2 mm and convex ST elevation >0.5 mm, with vari-
able T wave in V1 and positive or flat T wave in V2 [2,6,7]. Patterns are
further grouped in class A, B, and C [34]. Class A represents cases in
which all mandatory criteria were met, including challenge test. Class
B includes reports with incomplete mandatory criteria, but still highly

Table 2
Brugada phenocopies diagnostic criteria as for the International Registry [17,34]. Genetic
testing is not mandatory since it has sensitivity < 30%.

Diagnostic
criteria

Presence of type 1 or type 2 Brugada pattern

Presence of an indetifiable underlying condition

Reversal of the pattern upon resolution of the condition

Low pre-test probability of Brugada syndrome

Negative provocative testing

Provocative testing not mandatory if RVOT manipulation within
96 h

Negative genetic testing




N.R. de Oliveira Neto et al. / Journal of Electrocardiology 55 (2019) 45-50

47

Fig. 1. Cases of Brugada syndrome and Brugada phenocopy with type 1 ECG pattern. A: True congenital Brugada syndrome in a patient with a history of aborted sudden death. B: Brugada

henocopy in a patient with hyperkalemia.

suspected of presenting phenocopies. Cases with unjustified provoca-
tive testing (e.g., surgical manipulation of RVOT within 48 h) are quali-
fied as class C. It is worth noting that the ECG patterns are the same as
for Brugada syndrome, and there is not an electrocardiographic marker
to distinguish Brugada phenocopy from Brugada syndrome. It has been
shown that expert cardiologists [9] cannot distinguish between both
conditions when using only surface ECG, and more recently measures
of B-angle and the base of the triangle [35] in V1 and V2 have proved
to be similar in Brugada phenocopies and Brugada syndrome. Impor-
tantly, ST segment elevation as seen in Brugada pattern can also be con-
fused with ST elevation myocardial infarction, since these conditions
may present with similar ECG changes; such distinction might become
even more complicated in acutely ill patients [19,36]. The presence of
characteristic Brugada-like ST-segment elevation in V1 to V3 which is
reversible after the resolution of an underlying clinical condition favors
the diagnosis of Brugada phenocopy.

Low pretest probability is determined by patient's symptoms, med-
ical history and family history [17]. Palpitations, syncope, cardiac arrest
and thrashing at night should be lacking in cases of Brugada phenocopy,
and there may be no sudden death nor unexplained syncope in the
patient's family. These findings are associated to Brugada syndrome
[37], leading to the supposition that patients who present with them
have had unmasked the disease rather than an acquired condition.
Such cases simulate the behavior of a Brugada phenocopy; however,
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even concealed Brugada syndrome may pose an increased risk of malig-
nant arrhythmias and sudden cardiac death [37].

Provocative tests with sodium channel blockers must be done when
suspecting of a Brugada phenocopy, since these medications are able to
unveil Brugada syndrome. They act by blocking predominantly sodium
currents as compared to I, increasing the already present ionic imbal-
ance at the RVOT of patients with ion channel dysfunctions [38-50].
The challenge should be done with an IV infusion of ajmaline, procain-
amide, pilsicainide, or flecainide [17]. A continuous ECG monitoring
must be undertaken, and depiction of type 1 Brugada pattern consti-
tutes a positive result. It is advisable to provide close medical attention,
as ventricular arrhythmias and cardiac arrest might be precipitated by
the test, even in asymptomatic patients [38]. Excessive QRS widening
and frequent premature ventricular beats indicate high-risk of compli-
cations and encourage interruption of the challenge [33]. The used
drugs have presented good reproducibility [38], but flecainide has
been shown to present significantly lower sensitivity than ajmaline
(77% against 100%, respectively) [39,40]. A negative result in the pro-
vocative test supports the diagnosis of Brugada phenocopy; neverthe-
less, it must not be overlooked that there may be up to 23% of false-
negatives [39] when using flecainide, and cases of delayed diagnosis of
Brugada syndrome have been reported [41]. Of note, it is not required
to perform challenges if the patient has had surgical manipulation of
the RVOT within 96 h of presenting the pattern [42].
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Fig. 2. Cases of Brugada syndrome and Brugada phenocopy with type 2 ECG pattern. A: True congenital Brugada syndrome. B: Brugada phenocopy caused by congenital pectus excavatum
with mechanical mediastinal compression. C: Brugada phenocopy incited by acute pericarditis. D: Brugada phenocopy after accidental electrocution injury. E: Brugada phenocopy due to
use of high-pass ECG filters. Numbers under figures are International Registry of Brugada Phenocopies identification numbers. (From Anselm DD, Gottschalk BH, Baranchuk A. Brugada
phenocopies: consideration of morphologic criteria and early findings from an international registry. Can ] Cardiol. 2014 Dec;30[12]:1511-5; with permission of PULSUS GROUP INC.)



48 N.R. de Oliveira Neto et al. / Journal of Electrocardiology 55 (2019) 45-50

Genetic testing for the mutation in the cardiac sodium channel
(SCN5A) gene can be performed, being positive in 11% to 28% of patients
with Brugada syndrome [43]. Due to its low sensitivity, this test is not
mandatory.

Some acquired Brugada patterns are not Brugada phenocopies

Fever-induced Brugada pattern and sodium channel blocker-
induced Brugada pattern should not be classified as phenocopies even
when fulfilling the aforementioned diagnostic algorithm, since they
might present different pathogenesis and prognosis than Brugada
phenocopies. Negative provocative challenges for these groups of pa-
tients are not appropriate for excluding Brugada syndrome due to the
high pre-test probability [7,44].

Other classes of drugs may also incite Brugada pattern, but whether
it relates to Brugada phenocopies is debatable [7].

Fever-induced Brugada pattern

A large series reported that up to 2% of patients with fever may de-
velop Brugada pattern, compared to 0,1% of afebrile patients [45]. The
patients did not have history of syncope and presented resolution of
the pattern after body temperature normalization. This condition may
precipitate malignant arrhythmias and sudden death; also, fever in-
creased the risk of cardiac arrest in patients with known Brugada syn-
drome [46,47].

The mechanisms by which fever induces Brugada pattern are uncer-
tain. Initially the explanation had been that dysfunctional ion channels
present in Brugada syndrome were temperature-sensitive. Fever
would cause the inward peak sodium channel current to decay, leaving
I, unopposed [48].

However, Keller and colleagues [49] demonstrated that even hetero-
zygous patients carrying SCN5A gene mutations with no measurable
current exhibited sensitivity to fever. They suggested that
temperature-dependent properties of wild-type channels were respon-
sible for the carriers' susceptibility to elevated temperatures.

One way or another, fever-induced Brugada pattern is characterized
by an inherited ion channels dysfunction predisposing to malignant ar-
rhythmias. Hence, it is regarded as a form of unmasked Brugada
syndrome.

Drug-induced Brugada pattern

Patients with known Brugada syndrome and carrier family members
may present Brugada pattern upon use of many commonly prescribed
drugs [2-4]. Even asymptomatic patients without family history of
Brugada syndrome have been reported to display Brugada pattern
after exposure to predisposing agents [50-53]. Postema and colleagues
maintain an updated list of drugs related to type 1 Brugada phenotype
at their website www.brugadadrugs.org [54], some of which are capable
of inducing arrhythmias in patients with Brugada syndrome.

Almost all of those agents are confirmed or believed to block sodium
channels. This is the same mechanism by which provocative test medi-
cations act, leading to the supposition that most sodium channel
blocker-induced Brugada patterns are cases of unmasked Brugada syn-
drome [7,44]. Nevertheless, the extent to which there is an underlying
genetic predisposition or solely an acquired blockade in ion channels
at times is uncertain. Of note, cases involving sodium channel blocker
overdose in otherwise asymptomatic patients are unlikely to hold a con-
genital background and thus are being classified as “acquired sodium
channel dysfunction” [44].

Regarding drugs with other mechanisms of action, most of the
knowledge comes from few interventional studies on patients with
Brugada syndrome and some isolated case reports [54-57]. It is also be-
lieved that they act by unmasking Brugada syndrome rather than as
phenocopies; however, due to the lack of evidence, this distinction is a

topic deserving further evaluation [6]. Acetylcholine, edrophonium, er-
gonovine, alpha-adrenergics, calcium blockers, nitrates, potassium
channel openers, alcohol and cannabis are all believed to induce
Brugada pattern [6,20,55-57].

Implications and perspectives

The main attributes of any medical phenomenon are [1] description
in case reports or case series; [2] speculations about a pathophysiologic
basis; [3] evidence of reproducibility; and [4] demonstration on experi-
mental models [18]. Regarding Brugada phenocopies, the first step has
been achieved initially in an unstandardized fashion. As the initial re-
ports did not prompt a uniform description, further development of
the concept was hindered until Baranchuk and colleagues created diag-
nostic criteria [6]. Moreover, appropriate mechanisms have been pro-
posed for different etiologies, and more cases are being regularly
published. Nevertheless, it was not until 2014 that the first case of re-
producible Brugada phenocopy was reported, followed by a second re-
port by our group in 2018 [18,19]. Also, there are few prospective data
on Brugada phenocopy, and its clinical meaning is uncertain.

Recently, Xu and colleagues [58] reviewed 27 cases of patients with
hyperkalemia-induced Brugada phenocopy and found no episode of
malignant arrhythmia or sudden death. Nonetheless, Rivera-Juarez
and colleagues [14] observed hyperkalemia admissions during a 6-
year period and found 15 patients with Brugada ECG findings and low
pretest probability of having Brugada syndrome. In-hospital mortality
was similar in patients with and without development of Brugada pat-
tern (40% and 43%, respectively; P = .85), being driven primarily by se-
verity of the underlying condition. However, 40% of patients with
hyperkalemia and Brugada pattern had malignant arrhythmias in the
short- and mid-term, against 25% of those with others ECG manifesta-
tions. It is likely that patients with hyperkalemia-induced Brugada phe-
nocopy represent a high-risk group that should be cautiously managed;
nevertheless, the investigators performed provocative tests in only 5
patients, one of which had a positive result. Accurate diagnosis of
unmasked Brugada syndrome must not be overlooked, as this group
of patients is already known to present increased risk for malignant ar-
rhythmias and sudden cardiac death.

The prognosis of Brugada phenocopies with other etiologies is even
cloudier, as the literature is mainly composed by case reports. Therefore,
neither specific treatments nor standardized approaches exist; reversal
of inciting factors and a detailed family screening may be attempted, un-
dertaking provocative tests if necessary. Diagnostic criteria for Brugada
phenocopies must evolve to present better sensitivity, specificity and
feasibility, thereby making possible more accurate differentiation be-
tween phenocopies and Brugada syndrome.

Future directions

Experimental models of Brugada phenocopy are needed to further
validate the concept of the phenomenon and to uncover its exact mech-
anism [7,59,60]. They should distinguish between transient abnormali-
ties in sodium channels that are not elicited by provocative tests and
alterations of other ion channels [60]. It is worth noting that each incit-
ing factor may act by a particular means, which possibly will lead to im-
provements in the classification system of phenocopies by the time
these differences are understood [6]. Additionally, Anselm and col-
leagues [34] have proposed that Brugada syndrome and Brugada
phenocopies may constitute ends of a shared disease spectrum, at
least in some cases involving electrolyte imbalances. This supposition
arises from the fact that such conditions are reported to unmask
Brugada syndrome as well as to incite Brugada phenocopies. Neverthe-
less, the mechanisms by which these cases would respond differently to
challenge tests are unknown [34]. Exposing genetic models of Brugada
syndrome to triggers of Brugada phenocopies would help clarify if
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both conditions could represent distinct manifestations of the same ion
channel abnormalities [34,59].

Future research must simulate an environment in which the ECG
pattern is induced by appropriate ion channel dysfunctions [59]. Nishida
and colleagues [61] have found that localized cooling of the canine
RVOT caused ECG findings and ionic channel changes consistent with
Brugada syndrome. As hypothermia is linked to Brugada phenocopies
[62], a model with cooling of the entire myocardium could help to un-
derstand the pathophysiology underlying the phenomenon. Neverthe-
less, potassium disorders are commoner causes of phenocopies and
have already shown reproducibility of the pattern in the same patient
[17-19]. The mechanisms by which hyper- and hypokalemia provoke
imbalances in ion currents are more comprehended than those of any
other reported cause of Brugada phenocopy [61]. Thus, various groups
are relying on potassium imbalances as an experimental basis for the
phenomenon [63].
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