
Fever-induced Brugada pattern: How common is it and what
does it mean?

Arnon Adler, MD*, Guy Topaz, BMedSc*, Karin Heller, MD†, David Zeltser, MD‡, Tami
Ohayon, MD†, Uri Rozovski, MD§, Amir Halkin, MD*, Raphael Rosso, MD*, Shay Ben-
Shachar, MD¶, Charles Antzelevitch, PhD, FHRS∥, and Sami Viskin, MD*

*Department of Cardiology, Tel-Aviv Sourasky Medical Center and Sackler School of Medicine,
Tel-Aviv University, Israel
†Department of Emergency Medicine, Tel-Aviv Sourasky Medical Center and Sackler School of
Medicine, Tel-Aviv University, Israel
‡Department of Internal Medicine D, Tel-Aviv Sourasky Medical Center and Sackler School of
Medicine, Tel-Aviv University, Israel
¶Department of Genetics, Tel-Aviv Sourasky Medical Center and Sackler School of Medicine, Tel-
Aviv University, Israel
§Department of Leukemia, University of Texas, MD Anderson Cancer Center, Houston, Texas
∥Masonic Medical Research Laboratory, Utica, New York.

Abstract
BACKGROUND—Fever is known to unmask the Brugada pattern on the electrocardiogram
(ECG) and trigger ventricular arrhythmias in patients with Brugada syndrome. Genetic studies in
selected cases with fever-induced Brugada pattern have identified disease-causing mutations.
Thus, “fever-induced Brugada” is a recognized clinical entity. However, its prevalence has not
been systematically evaluated.

OBJECTIVE—The purpose of this study was to assess the prevalence of Brugada pattern in
consecutive patients with fever.

METHODS—ECGs of patients with fever admitted to the emergency department were evaluated
for the presence of Brugada pattern and compared with ECGs of consecutive nonfebrile patients.

RESULTS—ECGs of 402 patients with fever and 909 without were evaluated. Type I Brugada
pattern was 20 times more common in the febrile group than in the afebrile group (2% vs 0.1%,
respectively, P = .0001). All patients with fever-induced type I Brugada pattern were
asymptomatic and remained so during 30 months of follow-up.

CONCLUSION—Type I Brugada pattern is definitively more common among patients with
fever, suggesting that asymptomatic Brugada syndrome is more prevalent than previously
estimated.
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Brugada syndrome is a genetic disease presenting with a characteristic electrocardiogram
(ECG) and a tendency to develop malignant polymorphic ventricular arrhythmias that may
lead to syncope or cardiac arrest. The characteristic ECG, which includes a coved-type ST-
segment elevation ≥2mm in the right precordial leads, is termed “type I” Brugada ECG
pattern and is required to make the diagnosis of Brugada syndrome.1 Too often, however,
the ECGs of patients with Brugada syndrome have lesser degrees or different contours of
ST-segment elevation (“saddleback” rather than “coved”), which are termed type II or type
III Brugada pattern. These ECG patterns are suggestive, but not diagnostic, of this disease.
Moreover, in a given patient with Brugada syndrome there are marked day-to-day changes
in ECG morphology. For example, in a large series of patients with documented Brugada
syndrome who underwent repeated ECG recording over the years,2 only every third ECG
was diagnostic (ie, showed the type I pattern) and every third ECG was completely normal,
making the diagnosis of Brugada syndrome challenging.

In 1999, Dumaine et al3 reported the results of functional expression studies of a genetic
mutation (T1620M) identified in patients with Brugada syndrome, showing that the loss of
function of sodium channel current was accentuated at higher temperatures. The authors
suggested the possibility that a febrile state may unmask the Brugada syndrome. Subsequent
years witnessed a large number of reports documenting the ability of fever to unmask
Brugada syndrome by promoting a type I Brugada ECG in susceptible individuals.4–11 Fever
has been reported not only to accentuate the Brugada ECG pattern but also to actually
trigger ventricular arrhythmias.4,10,12 Indeed, fever was the precipitating factor of
arrhythmias in 18% of patients presenting with cardiac arrest in a large series of patients
with symptomatic Brugada syndrome.13 Thus, the concept of “fever-induced Brugada
syndrome” is well accepted. However, we do not really know how common (or rare) this
phenomenon is because no large studies have systematically evaluated this issue. Therefore,
in the present study, we prospectively analyzed ECG recordings of consecutive febrile
patients (using afebrile patients as controls) and further investigated those who were positive
for type I Brugada pattern.

Methods
Febrile and afebrile groups

Between January 2010 and August 2012, we prospectively collected ECG recordings of all
febrile patients (defined as oral temperature >38°C [>100.4°F]) who were evaluated in our
emergency medicine department. Because our hospital has a separate pediatric emergency
room, only adults were studied. Also, to ensure that all patients presenting with fever in a
given day were included in the study, we studied only those who presented to the emergency
room during the morning shift of weekdays when specific physicians (KH, TO) were
present. A control group of afebrile patients was used for comparison. This control group
was randomly selected from a much larger patient population that was evaluated in the same
emergency room during the same time period as the study (fever) group but were found to
be afebrile (oral temperature <37.0°C [<98.6°F]). We did not specifically request ECGs with
the precordial electrodes placed at higher intercostal spaces for patients with fever. All the
ECGs from the fever and the control groups were evaluated separately by 2 experienced
cardiologists (AA, RR) for the presence of Brugada pattern types I, II, and III. Any
inconsistencies were settled by a third expert (SV). Type I, II, and III Brugada patterns were
defined according to standard criteria and as endorsed by the Consensus Document,1

including recent important updates on the ECG diagnosis of Brugada syndrome14 with the
only exception that an ECG with a right bundle branch block pattern and classic coved-type
ST-segment elevation was considered type I even in the absence of negative T waves in
leads V1–V3. This is because when a coved ST segment-elevation is obvious, (1) the
presence of inverted T waves is no longer considered a requisite for defining Brugada
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syndrome by most experts; (2) ECGs in a patient with typical coved type I pattern may or
may not have a negative T wave on different days15; and (3) the prognosis of coved-type
ST-segment elevation without T-wave inversion is similar to that of the “classic” type I
pattern.15

Clinical data were collected only for patients with type I Brugada pattern. These patients
also underwent a standard evaluation for possible Brugada syndrome upon complete
resolution of their fever and after providing informed consent. The evaluation included the
following tests: (1) repeated ECG, (2) exercise test, (3) ajmaline challenge test, (4) 12-lead
Holter test, and (5) echocardiogram. All of these ECG tests were performed with leads
located in the standard location and once more with all 6 precordial leads located in the
second and third intercostal spaces. The ajmaline test was performed according to
recommended protocol (1 mg/kg over 5 minutes).1

Follow-up
All patients diagnosed with fever-induced Brugada were followed in our institution's
arrhythmia clinic. All patients were evaluated for the occurrence of atrial fibrillation,
syncope, or sudden death. The occurrence of these events in family members was also
evaluated.

Statistical analysis
Using the observed proportion of Brugada ECG pattern, we estimated the 95% confidence
interval based on the binomial distribution iterated through all possible outcomes.16 The χ2

test was used to compare the prevalence of Brugada between the febrile and afebrile groups.
To compare age differences between patients with and without fever-induced Brugada ECG,
we used the T-test with Welch approximation (variance not assumed equal). To compare the
frequency of patients with fever-induced type I Brugada, age >60 and <60 years, we used
the Fisher exact test.

Results
ECG recordings from 402 febrile and 909 afebrile patients were compared. Febrile and
afebrile patients were of similar age (62 ± 22 years vs 61 ± 19 years, P = NS), but males
were overrepresented in the febrile group (60% vs 49%, P <.001).

Eight of 402 patients with fever, but only 1 of 909 afebrile patients, had a type I Brugada
pattern (Figure 1). Thus, a type I Brugada pattern was 20 times more prevalent among
febrile patients (2% vs 0.1%, P = .0001). The estimated 95% confidence intervals for the
presence of type I ECG were 1%–3.9% for patients with fever vs 0.016%–0.6% for afebrile
patients. Limiting the analysis of the frequency of type I Brugada to male patients revealed
similar results: 7 (3%) of males with fever but only 1 (0.2%) of afebrile males had a type I
Brugada (P = .0015).

All of the 8 patients with fever-induced type I Brugada pattern presented to the emergency
room because of symptoms related to fever or the underlying infection (Table 1).
Specifically, none of them reported syncope- or arrhythmia-related symptoms at the time of
presentation. Thus, in all cases, the fever-induced type I Brugada pattern was an incidental
finding. Mean age at the time of diagnosis of fever-induced type I Brugada was 46 years
(range 31–57 years), and 7 (87%) of them were male. Interestingly, patients with fever-
induced type I Brugada ECG were younger than patients with fever but no Brugada (46 ± 10
years vs 62 ± 22 years, P = .002). Mean temperature at the time of type I Brugada recording
was 39°C (range 38.4°–40°C [101.1°–104°F]). A scatter plot of the heart rate and
temperature of patients with fever, as recorded when the ECG was performed, failed to
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reveal any differences between patients with and those without type I ECG during fever
(data not shown).

The only patient with a type I Brugada ECG discovered in the nonfebrile group was
admitted due to smoke inhalation as a result of fire in a sauna. The finding of the Brugada
pattern was incidental in this case as well.

Type II or III Brugada patterns were also found more frequently among febrile patients: 7
(1.7%) of febrile patients but only 4 (0.4%) of afebrile patients had a type II or III Brugada
ECG (P = .0175). Here too, limiting the analysis to patients of male gender led to similar
results: 5 (2.1%) males with fever and 2 (0.7%) without had type II or III Brugada pattern (P
= .039). Mean age at the time of type II or III Brugada was 41 years (range 27–78 years),
and mean temperature was 39°C (range 38.3°–39.5°C [100.9°–103.1°F]).

Further characterization of patients with fever-induced type I Brugada ECG
None of the patients with fever-induced Brugada were of southeast Asian origin or had
electrolyte imbalance, significant bradycardia, or prolonged PR interval when their type I
pattern was recognized. In addition, none of the 8 patients with fever-induced type I
Brugada had a history suggestive of arrhythmic symptoms (Table 1). One patient had a
remote history of syncope, but this was typically vagal. A second patient had a history of
seizures, but those were clearly of epileptic origin and attributed to remote toxoplasma
encephalitis. Also, none of the 8 patients had a family history of sudden death or Brugada
syndrome. Two patients were treated with medications that probably contributed to the
occurrence of type I Brugada ECG during fever (see below).

Further evaluation for possible Brugada syndrome in the absence of fever revealed the
following. (1) Repeated ECG (with and without high precordial electrodes) performed in all
8 patients in the absence of fever revealed a persistent type I pattern in only one patient. (2)
Exercise test (performed in 3 cases) never showed a Brugada pattern during exercise or
during the recovery phase. (3) Twelve-lead Holter monitoring with high electrodes position
(performed in 4 cases) were negative. (4) Ajmaline test was performed in 3 cases and was
positive, revealing a type I Brugada pattern in all (Figure 2).

All patients (including the one who also had persistent type I ECG in the absence of fever)
were followed without antiarrhythmic therapy, and none had arrhythmic events during 30 ±
13 months (range 13–47 months) of follow-up.

Patients with fever treated with drugs possibly inducing Brugada pattern
Two patients in our study are particularly interesting because they were found to have fever-
induced type I Brugada pattern while being treated with drugs possibly associated with
Brugada syndrome. Importantly, in both patients, the ECG normalized when the fever
resolved. The first patient was treated with clothiapine and was found to have type I
Brugada pattern while having high fever due to pneumonia (patient 4 in Table 1). Repeated
ECG after resolution of fever was normal (Figure 3). During a follow-up of more than 2
years on the same clothiapine dosage, no cardiac events have occurred. The second patient
(patient 8 in Table 1) was treated with carbamazepine. This patient had a history of epileptic
seizures attributed to toxoplasma encephalitis that was a manifestation of acquired
immunodeficiency syndrome. During high fever due to pneumonia, he developed type I
Brugada pattern that resolved after fever subsided. After a follow-up of 2 years under the
same medical regimen, he remains without cardiac events.
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Further characterization of the single patient with type I ECG in the absence of fever
The single patient with spontaneous type I Brugada incidentally discovered among the
nonfebrile control group (the male admitted after smoke inhalation in a sauna bath) had
normal ECGs on repeated recordings and had negative exercise and Holter tests (all with
high precordial electrodes) but had a positive ajmaline test. He remains asymptomatic
without therapy.

Discussion
Fever-induced Brugada is the term used to describe the aggravation of clinical and/or ECG
characteristics of this syndrome during febrile states in susceptible individuals. Although the
existence of this phenomenon is well accepted, there is more than 1 proposed mechanism for
its pathophysiology (see below). Moreover, little is known about the true prevalence of this
phenomenon. Therefore, we studied consecutive febrile patients in order to learn how
frequently fever exposes a type I Brugada ECG.

Interpretation of our main findings
The main finding of our study is that the prevalence of type I Brugada pattern is 20 times
higher among patients presenting with fever than in afebrile patients (2% vs 0.1%, P = .
0001). Of note, the estimated prevalence of type I Brugada among the afebrile group, with
calculated 95% confidence limits of 0.016%–0.6%, is well within the estimated prevalence
of asymptomatic Brugada syndrome in the general population, which is currently 0.05%.1,17

However, if one accepts the premise that fever simply unmasks the type I Brugada pattern in
carriers of this disease, then one must also accept that, according to our results, the real
prevalence of Brugada syndrome (at least that of asymptomatic carriers) is much higher than
previously estimated. Importantly, Brugada syndrome is an autosomal dominant inherited
disease that, once symptomatic, manifests with highly lethal arrhythmias. Thus, prevalence
as high as 2% (95% confidence interval 1%–3.9%) is surprising because genetic traits that
are lethal ultimately cause elimination of the syndrome in affected families. However, only a
minority of patients with Brugada syndrome has symptoms, and those who do rarely have
arrhythmias before adulthood. Accordingly, Brugada syndrome is not predicted to affect the
reproduction rate of affected individuals. This situation resembles other adult-onset
monogenic, autosomal, and dominant disorders that are also highly lethal. For example,
about 2.7% of Ashkenazi Jews have mutations in BRCA1 or BRCA2 genes, which cause
breast and/or ovarian cancer but only after the reproductive age.18

As an alternative explanation for our findings, one could argue the following:. Genetic
variations present in >1% of the population are generally considered characteristic of genetic
polymorphisms rather than disease-causing mutations. Thus, fever-induced type I Brugada
pattern, if indeed genetically mediated, could be the phenotypic manifestation of relatively
common polymorphisms. However, even if that is the case, our finding that fever-induced
type I Brugada is incidentally found in 2% of febrile patients is by no means
inconsequential. Of note, specific genetic polymorphisms in genes affecting the QT interval
are strongly associated with drug-induced long QT syndromes.19,20 Moreover, a
polymorphism in SCN5A (the gene most often involved in Brugada syndrome) that is
present in 22% of Asian subjects is associated with exaggerated responses to sodium
channel blockers (see below).21

The characteristics of our patients with fever-induced type I Brugada ECG, including their
age (mean age 46 years, range 31–57 years) and gender (87% of male gender), are
interesting because they replicate individualities reported for patients with symptomatic
Brugada syndrome in larger studies.22,23 For example, in the large FINGER multicenter
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study, the age of patients with Brugada syndrome at the time of cardiac arrest was 43 years
(range 35–54 years).22 There are too few febrile patients younger than 30 years in our series
(clearly because of referral bias), but we did have 223 febrile patients older than 60 years.
Based on the observed 2% incidence of type I Brugada ECG in the entire febrile cohort, one
would expect to see 4 patients with type I ECG among the elderly group with fever, yet we
found none (P = .001). One could speculate that the same milieu of background
characteristics that “sets the stage” for the appearance of fever-induced type I Brugada in
males aged 30–60 years, including their androgen hormone levels and “cardiac aging,” is the
same environment that facilitates the onset of fatal ventricular arrhythmias at this particular
age range.

The second finding of our study relates to the interesting interplay between fever and drug-
induced Brugada syndrome. Two patients in our study were diagnosed with fever-induced
Brugada while being treated with drugs that are possible inducers of the Brugada pattern.
The first patient was treated with clothiapine, an antipsychotic medication. This drug is not
yet listed among the drugs known to induce Brugada syndrome24 (www.brugadadrugs.org),
but it belongs to the dibenzoepine family of antipsychotic drugs that also includes loxapine,
a drug suspected of inducing type I Brugada and cardiac arrest.25 The second patient was
treated with carbamazepine, a drug associated with Brugada pattern in an overdose case
report.26 In our 2 cases, the ECG normalized once the fever resolved despite continuation of
the culprit drug at the same dosage, suggesting that a “double hit” (fever plus sodium
channel blockade with medications) was necessary to expose the type I Brugada pattern in
these patients. This further supports our conclusion that current estimates of the prevalence
of asymptomatic Brugada syndrome underestimate the true prevalence of milder forms of
this disease.17

Previous studies
Only 1 previous study attempted to determine the prevalence of type I Brugada in patients
with fever. This small series included 103 males with fever, none of whom had a type I
Brugada pattern.27 Because of the small size of that study population, the calculated 95%
confidence interval for that finding reaches 2.9%, a figure that is consistent with our results.

What do we know about fever-induced Brugada syndrome?
The prevailing view is that fever-induced Brugada syndrome is a malignant disease. For
example, among 16 patients with fever-induced type I Brugada ECG described by Junttila et
al,28 10 had cardiac arrest or syncope. Also, fever was the precipitating factor of arrhythmias
in 18% of patients in a large series of Brugada patients presenting with cardiac arrest.13

However, in both studies, the cardiac arrest occurred mainly at the time of presentation with
fever, not during long-term follow-up. This selection bias may lead to overestimation of the
long-term risk for patients in whom the type I Brugada pattern is incidentally discovered
during fever.

More than 1 mechanism has been proposed to explain the phenomenon of fever-induced
Brugada syndrome. Expression studies performed by Dumaine et al3 with mutant cardiac
sodium channels demonstrated worsening of the biophysical properties of the defective
channels at higher temperatures, leading to further loss of function of sodium channel
current. However, studies of other mutations tell a different story. Keller et al29 studied
mutations found in patients who had fever-induced type I Brugada and fever-induced
arrhythmias. These mutated channels exhibited severe to absolute loss of sodium current at
physiological temperature. Thus, further loss of function during fever could not be expected
and, indeed, was not found when expression studies of the same channels were performed at
higher temperatures. Therefore, the authors hypothesized that in heterozygote patients, the

Adler et al. Page 6

Heart Rhythm. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.brugadadrugs.org


effect of temperature on the wild-type channels is responsible for fever-induced arrhythmias.
According to this model, wild-type (ie, normal) channels are less efficient at high
temperatures, but this slight loss of function becomes clinically significant only in the
presence of other factors that reduce the repolarization or depolarization30 reserve (eg,
heterozygosity with loss-of-function mutations). This explanation is intriguing because it
suggests that any patient with impaired sodium channel function, including the numerous
patients treated with class IC antiarrhythmic drugs (eg, propafenone or flecainide) or
patients treated with antipsychotic or antiepileptic drugs (eg, 2 of the patients in our series),
potentially could be at risk for developing an “acquired Brugada syndrome” each time they
develop fever. This may be true even if their ECG is near normal in the absence of fever. In
a series of children with loss-of-function SCN5A (sodium channel) mutations, near-normal
ECGs became frankly abnormal, sometimes leading to arrhythmia precipitation, only at the
time of fever.10 Moreover, a very important population-based study recently suggested that
long-term use of the antidepressant nortripty-line is associated with a 4.5-fold increased risk
of sudden death.31 The proposed explanation for this observation is that multiple factors
(genetic, pharmacological, and functional) conspire to reduce cardiac sodium currents and
increase the risk for fatal arrhythmias. It remains to be seen if 1 of these factors is something
as trivial as transient fever.

The single patient without fever found to have type I Brugada pattern in our study was
admitted because of smoke inhalation as a result of fire in a sauna. A previous case report
described a patient with Brugada syndrome diagnosed after an episode of syncope in a hot
bath.32 Whether external heat, without fever, may serve as a trigger for uncovering Brugada
is unknown, and the connection may be coincidental. Nevertheless, the higher prevalence of
symptomatic Brugada syndrome reported in southeast Asia could be related, at least in part,
to the higher environmental temperatures that prevail in those countries. It should be noted,
however, that studies on the seasonal variation of spontaneous arrhythmias in Brugada
syndrome have not conclusively demonstrated a significant peak of that phenotypic
expression during warmer seasons.33–35

Study limitations
Both the febrile and afebrile control groups included in our study are not necessarily
representative of the general population at large because both groups consisted of patients
evaluated in an emergency department. Also, our study was conducted during morning
hours only. If these limitations biased our findings, underestimation of the true prevalence of
fever-induced Brugada is more likely. This is because (1) our study cohort was older (mean
age >60 years) than the typical patient dying of Brugada syndrome (mean age at cardiac
arrest <50 years in large studies),22,23 implying that high-risk patients were
underrepresented in our series, and (2) Brugada pattern has diurnal variation with less ST-
segment elevation observed during morning hours.33

The location of the recording electrodes on the chest affects the likelihood of recording a
type I Brugada pattern.36 Yet, the technicians recording the ECGs in our center often fail to
palpate the intercostal spaces to ensure that the V1 and V2 electrodes are placed at the
correct (fourth) intercostal space. On the other hand, ECG technicians working at our center
are educated to recognize ECG abnormalities that are frequently missed by physicians37 and
therefore are likely to repeat the ECG with the electrodes placed at a higher intercostal space
whenever an ECG raises suspicion of the Brugada syndrome. Of note, recording of a type I
Brugada ECG by electrodes placed at a higher intercostal space merely reflects the correct
location of right ventricular outflow in patients with Brugada syndrome.38 Accordingly,
placing the V1–V2 electrodes at higher intercostal spaces only increases the sensitivity of the
ECG in detecting the Brugada syndrome. Thus, any bias related to electrode position in our
study (if ECGs of afebrile patients were less often recorded with higher electrodes) would be
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expected to lead to underdetection of the Brugada pattern in the afebrile group, without
decreasing the specificity of the ECG in the febrile group. In other words, if we erred in our
estimation of the prevalence of type I Brugada pattern, underestimation in the afebrile group
is more likely than is overestimation in the febrile group.

Importantly, genetic results of this recently conducted study are still pending. Thus, one
could argue that our patients with fever-induced type I Brugada pattern simply have an ECG
that “resembles” Brugada syndrome but do not really have the disease. However, numerous
case reports4,12,39,40 and series13,28 suggest that fever does not merely lead to ECG changes
but may actually provoke the fatal arrhythmias that are typical of Brugada syndrome. Also,
disease-causing mutations of Brugada syndrome that cause spontaneous type I Brugada in
some family members but only fever-induced Brugada in others have been described.41

Thus, at the present time, patients with fever-induced type I Brugada pattern are considered
to carry the disease.

Conclusion
Our study shows that the prevalence of type I Brugada ECG in patients with fever is 20
times higher than in afebrile patients, emphasizing the potency of fever in uncovering this
ECG phenomenon. These findings also may imply that the number of asymptomatic
Brugada patients diagnosed today is only the tip of the iceberg, as many more would have
been discovered if their ECGs were recorded during febrile illnesses. This has possible
implications regarding the number of patients who are potentially at risk for developing
proarrhythmic complications if treated with any of the numerous medications that happen to
block the cardiac sodium channel.24
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Figure 1.
Representative ECGs of the 9 patients with type I Brugada pattern, including 8 patients with
fever (shown with the temperature measured when their ECG was recorded) and 1 afebrile
patient.
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Figure 2.
ECG of an asymptomatic patient (no. 2) recorded during febrile illness (temperature 39°C)
(A), when afebrile (B), and during ajmaline test (C). During the ajmaline test, the precordial
leads are positioned on the second and third intercostal spaces. The test was stopped after
administration of only 0.45 mg/kg because of the immediate ST-segment elevation.
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Figure 3.
ECG of asymptomatic patient (no. 4) treated with clothiapine recorded during febrile illness
(temperature 40°C) (A) and once more after the fever resolved (B). Of note, the dosage of
clothiapine was the same at the time of both recordings.
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