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Abstract
Background: The literature on fever related arrhythmic eveAS)(in Brugada syndrome (BrS)
is currently limited to few case reports and smalies.
Objective: The current study aims to describe the charatiteyisf fever-related AE in a large
cohort of BrS patients.
Methods: SABRUS is a multicenter study on 678 BrS patienthk Wirst AE documented at time
of aborted cardiac arrest (ACA) (n=426) or afteyghrylactic ICD implantation (n=252).
Results: In 35(6%) of the 588 patients with available imi@tion, the AE occurred during a
febrile illness. Most of the 35 patients were n{@8@%), Caucasian (83%) and proband (70%).
Age at time of AE was 29+24 (range 0.3-76) yeargstpatients (80%) presented with ACA
and 6 (17%) with arrhythmic storm. Family histofysadden death, history of syncope and
spontaneous type 1 Brugada-ECG were noted in 10%,ahd 66% of patients, respectively.
VF was induced at EPS in 9/19(47%) patients.SBN5A mutation was found in 14/28(50%)
patients. The highest proportion of fever-relatdtiwas observed in the pediatric population
(age <16), with disproportionally higher event rat¢he very young (0-5 years old) (65%).
Males were involved in all age groups and femaldg m the pediatric and elderly groups.
Fever-related AE affected 17 Caucasians aged<24 yeat no Asians aged <24 years.
Conclusions: The risk of fever-related AE in BrS markedly vargsording to age group,
gender and ethnicity. Taking these factors intmant could help the clinical management of

BrS patients with fever.

Key words: Fever, Brugada syndrome, children, elderly, geneténicity
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Introduction
Brugada syndrome (BrS) is an inherited diseasepitealisposes to sudden cardiac death (SCD),
mainly affecting males aged 27-59 years ofkveral factors are known to precipitate an
arrhythmic event (AE) in BrS patients such asc#jmedrugg, increase in vagal tohand
fever’
The SCN5A-encodedi-subunit of the NaV1.5 cardiac sodium channel lggenbinked to BrS
and mutations iBCN5A are identified in 14—-26% of BrS ca3eBumaine et al.were the first to
link temperature with the function of a mut&@N5A sodium channel. Later it was
demonstrated that fever may induce type 1 ECG S Batient& Two large studies
demonstrated that in unselected populations witerfdype 1 Brugada-ECG may be seen in 2-
4% of patients® and Mizusawa and colleagd&secently demonstrated that patients who have
fever-induced type 1 ECG (F-type 1) have an in@éaisk for syncope and VF. However, there
are only few case reports and small series desgriitients with BrS and proven fever-related
AE. The Survey on Arrhythmic events in BRUgada Sgmike (SABRUS) is a multicenter study
that collected data on the first AE in 678 patienith BrS'. The objective of the present study
was to describe the characteristics of patients fewer-related AE in this large SABRUS

patient cohort.

Downloaded for Anonymous User (n/a) at Tel Aviv Sourasky - Ichilov Medical Center from ClinicalKey.com by Elsevier on April 15, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Methods
The study was approved by the Tel Aviv Medical @emstitutional Review Board committee.
The SABRUS patients originated from 23 centersOmestern and 4 Asian countrieSixteen
(69.5%) centers provided data from their institatomly, whereas the remaining 7 (31.5%)
provided data from multiple institutions from theountries.
Data acquisition. Study inclusion criteria consisted of 1) a typiype 1 Brugada-ECG either
spontaneously (i.e. unrelated to drugs or fevefplbowing the intravenous administration of a
cardiac sodium channel blocking drug; 2) a firstwaented AE (sustained ventricular
tachyarrhythmia). The detailed information collectan each patient included whether or not the AE
was associated with fever (oral temperatB8’c or an axillary temperatupe87°c). Other collected
variables were previously descritied
Definitions.
- Group A: Patients with documented aborted CA hom the BrS-diagnosis was made during work-
up performed after CA; Group B: Patients with a#i&nosis in whom prophylactic ICD
implantation was performed for any reason and inowlan AE requiring appropriate ICD shock
therapy was documented during follow-up by ICD lirdgation.
Proband status: Proband was defined as the first patient of a famho has been diagnosed with the
type-1 Brugada-ECG (spontaneous or drug-inducedpmiproband was defined as a family member
of a known BrS-patient.
Genetic analysis: When aSCN5A mutation was identified it was classified by itsokvn

pathogenicity.
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Age groups:. For analyzing the effect of age on fever-relgd&d patients were divided into 8
age categories: 1) early childhood: 0-5 yearsa®) thildhood: 6-15 years; 3) adult life: 16-70
years, divided in 5 equal bins of 11 years; 4) @ydage>70 years old.
Model for predicting therisk of AE per day of fever. In order to predict the risk of AE per day of
fever (day at risk) in each age group a model wtock in account the data provided by all 23 main
centers participating in SABRUS was built. Theseters were invited to participate in a registry by
providing the age and gender distribution of thererBrS population followed at their own center
(with or without prior AE). The centers from Westemd Asian countries were assumed to include
Caucasian and Asian patients, respectively, bas&@BRUS results.
The Delphi method® was used in order to estimate the average nuniliever days per year in
the 8-different age groups (described in the supeteal data).
Statistical analysis.
Assumptions of normality of the different ages wassessed by Kolmogorov—Smirnov test and Q-Q
plots. Differences between non-normally distribubges were assessed using a Mann—Whitney U
test. Ratio differences were examined by a Chi+sjtest or a Fisher's exact test as appropriate.
Statistical significance was defined as P<0.05|eéS¢ariables are presented as Median [IQR] for
when not normally distributed. All calculations weyerformed using SPSS version 24 (IBM,
Armonk, NY, USA).

Results
Study patient cohort.
In 588 (86.7%) of the 678 SABRUS patients, thers iméormation available on a possible
relationship between AE and fever. In 35 (5.95%theke 588 patients, the AE occurred during

a febrile illness. These 35 patients comprisedsthdy group.
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Characteristics of patientswith fever-related AE (Supplemental Table 1).

The vast majority (n=32) of study patients werevimed from the main SABRUS centers while
only 3 were from subsidiary medical centers.

Most patients were male (28 of 35, 80%) and Caaca&9 of 35, 83%) with a mean age of
29124 (range 0.3-76) years at the time of AE. Tast yajority (28 of 35, 80%) presented with
aborted CA (group A). Six (17%) patients presemt@d VF storm. Most patients were probands
(70%). A family history of SCD and a history of sgpe were noted in 17% and 40% of
patients, respectively. A spontaneous type 1 BtagaCG was observed in 24 (66%) of
patients. VF was induced at EPS in 9 (47%) of @edtients who underwent the procedure. An
SCN5A mutation was found in 14 (50%) of the 28 patiemt® underwent genetic testing. In 12
of them theSCN5A mutations were identified as pathogenic (n=6, 584 likely pathogenic
(n=4, 33.3%) while 2 (16.7%) were classified agaiant of unknown significance”. In the
remaining 2 patients information regarding mutapathogenicity was not available.
Comparison between patientswith or without fever-related AE.

Age distribution was markedly different in the Zipat groups (Fig. 1A). In the study group, 13
(37.1%) of the 35 AE occurred in the pediatric dapan (age <16 years) particularly in the
very young (<5 years) (11 of 13, 84.6%); the AEwoed between ages 16-70 in 20 (57.1%)
patients and after age 70 in 2 (5.7%) patients. (F#g. In contrast, in the patients with AE not
related to fever, the AE mainly occurred (96%) bew 16-70 years and rarely in the pediatric
and elderly age groups (2.9% and 1.1%), respeygtiyiek 0.001) (Fig. 1A). The highest AE rate
was observed during early childhood (age 0-5, 6%8tipwed by a marked decline during late
childhood (age 6-15, 16.7%) and adulthood (ageQ,&.6%) with a subsequent marked rise to

25% in the elderly (Fig. 1A).
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Comparisons between patients with and without feglted AE are presented in Table 1.
Patients with fever-related AE had a lower promortof males (80% vs. 92%, P=0.03) and
probands (70% vs. 87%, P=0.02). In contrast, thegewnore likely to be younger at time of AE
[median age (IQR) of 25 (3-46) vs. 43 (34-52), P8Q)], to belong to Group A (80% vs. 59%,
P=0.02), to be Caucasian (83% vs. 56%, P=0.007jcahdSCN5A mutation carriers (50% vs.
31%, P=0.04).

Other variables including family history of SCDstary of syncope, positive EPS, spontaneous
type 1 Brugada-ECG and presentation with an arrhigistorm were not significantly different
among the 2 groups.

Comparison between males and females with fever-related AE (Supplemental Table 2A).
Females with fever-related AE were younger [(medige (IQR) of 3 (0.4-16) vs. 35.5 (7.25-
46.75), P=0.04]. The age distribution of males famales and the percentage of fever-related
AE at different age groups are presented in FigieAs shown, all fever-related AE in females
were censored from early childhood until age ofM#h no other cases during adulthood except
for a single 70-year old female. In contrast feradated AE in males occurred in all age groups.
The rate of fever-related AE tended to be highdeimale patients aged<26 years as compared to
males in the same age group (43% vs. 16.7%, P=D.B66ther difference between males and
females concerned the EPS response. An inducitiigthmia was observed in 64% of tested
males but in none of the females (P=0.03). Othalyaed variables were not gender specific.
Comparison between children (age<16) and adults (age>16) with fever-related AE
(Supplemental Table 2B).

There was a non-significant trend toward a higlegcentage of females (38% vs. 9%, P=0.08)

and Caucasians (100% vs. 73%, P=0.06) among childite fever-related AE as compared to
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adults. AnNSCN5A mutation was significantly more frequently obserue children (77% vs.

27% in adults, P=0.008). Other variables inclucdimgde of AE presentation, proband status,
family history of SCD, history of syncope, spontang type 1 Brugada-ECG, inducible
arrhythmia at EPS and VF storm were not differextieen children and adults.

Comparison between Caucasians and Asians with fever-related AE (Supplemental Table

2C).

Caucasians tented to be younger than Asians [madiaflQR) of 22 (3-45) vs. 42 (31-61),
P=0.05]. Among the patients with fever-related Atere were 17 Caucasians aged<24 years old
including 11 patients aged<5 years whereas thegeauitsian patient was 25 years old.
Caucasians tended to exhibit a spontaneous typadaBa-ECG (P=0.06). The other variables
tested were not significantly different in respecpatient ethnicity.

Per centage of patientswith AE per age group and estimation of arrhythmic risk for 1000
fever days.

Twenty-two of the 23 main SABRUS centers providesl age and gender distribution of the
entire BrS population followed at their own cer(i®ith or without prior AE). The registry
comprised 6441 patients (73.4% males, 88% Caucgsiaciuding 500 patients with and 5941
without AE. Of note, the other 178 SABRUS patiemts were not followed by the main
participating centers and in whom the denominatamnfwhich these patients were collected was
unknown, were not included in the present sub-amalyn 77 of the 500 SABRUS patients,
there was no information available about the pdssibsociation of fever with AE and therefore
these 77 patients were also excluded from furthalyais. A flowchart describing patient

selection is presented in Figure 2. As shown, dv8gapatients had fever-related AE and 6332
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patients did not have fever-related AE (includi®gb patients without AE and 391 patients with
AE not related to fever).

The age-group distribution of the patients with antthout fever-related AE is presented in
supplemental table 3, demonstrating that 70.9%@BrS population were 27-59 years old. This
table also denotes the estimated yearly fever fitagsthe Delphi method.

The supplemental figure demonstrates the percemntageatients with fever related AE in each
age group out of the total BrS population (i.eludig also patients without and arrhythmic
event) that were followed by the main participatoegters. As shown a disproportionally high
percentage of events is seen in age group 0-5 ceshpa all other age groups.

Figure 3 demonstrates the estimated AE rate ped fied@r days according to the specific age
group. It shows an estimated rate of 14.8 AE (9393.€, 26.3) per 1000 fever days in BrS
patients aged 0-5 years old with similar rates betwfemales and males. In contrast, the

estimated AE rate dropped to 0.33-2.5 events p@d €ver days in all other age groups.
Discussion

Main findings.

The present study describes the largest serieseperted of BrS patients with fever-related
AE. It shows that6% of AE in BrS were associated with fever. The&mainly occurred in
Caucasians males, in all age groups and oftenayptesentation of aborted CA. The highest
proportion of fever-related AE was observed infbdiatric population (age<16), with
disproportionally higher event rate in the very yggy0-5 years old). Marked gender differences
were noted with involvement of males in all ageugr® contrasting with exclusive female
involvement in the pediatric and elderly groupsvdferelated AE did not involve any Asian

patient aged<25 years old.
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Prior reportson fever-related AE.

Supplemental Table 4 summarizes all previous patitins of fever-related AE in BrS
comprising 40 patients in 22 reports. Only 4 (1&%¥dhe 22 reports included patients (n=9) who
originated from Asian countries. Careful analydishese publications, as well as contact with
the respective authors, enabled us to confirmupdb 15 cases included in SABRUS had been
already published, however with very limited ddtattdid not include age and gender in most of
thent” 113 The largest report includes 7 patiéftshile 16 (72%) of these 22 publications dealt
with case reports. Age and gender were provided8dq#5%) and 23 (57%) patients,
respectively. Male involvement was observed irag groups; however, there were 8 females
with fever induced AE at very young age (<2 yearsy) or after menopause (>50 years, n=2).
ECG data was provided on 18 patients (45%) shogpagtaneous type 1 Brugada-ECG in 8
(44%). Thirteen out of 19 tested patients (68%) BaN5A mutations. EPS was performed in 4
patients and was positive in all of them.

Fever induced Brugada ECG pattern.

A prevalence of 2-4% of fever induced Brugadaguat{F-type 1) among febrile patients
referred to the emergency department was repant@dstudies-°. . This estimate, which is 20
times higher than the known prevalence of BrS enganeral populatidfi'> suggests that fever
induced Brugada-ECG changes are benign asnone pftients in these 2 studies developed an
AE during follow up. However, Mizusawa et'8ffound that among 88 asymptomatic patients at
baseline who developed F-type 1 Brugada-ECG, 34Bdkeveloped an AE including 1 which
was fever-related. The AE event rate in these §Bpwomatic patients was 0.9%l/year i.e.

similar to the event rate in patients with spontarsetype 1 (0.5-0.8% /yea} Thus, Mizusawa
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et al’® suggested that the occurrence of F-type 1 is jpiglaasign of poorer prognosis, yet it by
no means implies that the risk for AE is presery on mainly during fever.

Gender and fever-related AE.

In the total SABRUS population of 678 patients WA, females accounted for 8.7% of the
cohort. In the present study, however, females involvé%h »f the population which exhibited
fever-related AE.

One possible explanation for this apparent highepgnsity of females to develop fever-related
AE deals with the higher SCN5A mutation rate obedrn patients with fever-related AE (50%
vs. 31% in those without fever-related) (Tableekpecially in females (80% vs. 43% in males)
(Supplemental Table 2A). In this scenario, ondatbypothesize on a more proarrhythmic
effect of fever in mutation carriers.

Another interesting finding of our study was theclesive occurrence of AE in females at
childhood or the elderly while this occurred atadke groups in males. This was also observed by
others (see Supplemental Table 4) and sugges@raiarrhythmic protection” in females during
their reproductive period. Several theories weisedhregarding the protective role of female
gender on disease manifestation including: geniffierences in ionic currentdand the effect of
sex hormonég. Thus, one may speculate that estrogen and nattisence of testosterone is the
main protector against fever-related AE in femalesng their reproductive period.

Children and fever-related AE.

Children (age<16 years) represented a considepabportion of patients with fever-related AE
(37.1%) despite they comprised only 4.3% the 6BRUS populatioh We found that

children of both genders exhibited a consideraBleaf fever-related AE as compared with

patients in all other age groups. AE were relatét fever in 65% and 16.7% of patients aged O-
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5 and 6-15, respectively, while this was the casenly 3.9% of those patients aged >16 years.
Previous studie¥ ! suggested a higher risk of fever-related symptonehildren; however
most described episodes of syncope and not a praken?® As children have more febrile
illnesses compared to adults it was speculatechtigagater risk exposure may lead to this high
rate of fever-related symptoffisHowever, when taking into account both total Bopulation
and the average yearly fever days in each age gveupund that the risk of AE in a
comparable risk exposure (i.e. 1000 fever days)jush higher only amonchildren aged 0-5
years compared to any other group. On the other hamrdhigfher event rate in children aged 6-
15 may be related to more fever days with simileene rate per 1000 fever days as adults. The
exact mechanism of this cluster of events in agéssOunknown and should be further
investigated. Nevertheless, it has clinical imglmas as discussed below.

Another interesting finding of the present studyswze higher rate SCN5A mutation in

children with fever-induced AE (77%) as compareddalts (27%) (P=0.02). The significance
of this very high mutation rate should be interpdatvith caution since our study was not
powered to determine whether BrS childvathout SCN5A mutation have lower risk of AE
during fever. Nevertheless, significantly lower atidgn rates (59 of 201, 29.4%, P=0.001) were
found in children without previous documented Ale@dg16 years (Andorin and Probst,
Sarquella-Brugada, Giustetto and Conte, persomahumication, 2017). Therefore, it is
possible that the presenceSENSA mutation in children may indicate a higher arrimyib risk
during fever.

Ethnicity and fever-related AE.

There were 2 main differences between Caucasiahésians with regard to fever-related AE.

First, Caucasians predominated much more in therfmlated AE group than in the afebrile-
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related AE group. Secondly, Asians with fever-rstiefE were much older and the youngest in
our cohort was 25 years old. A review of the litera (Supplemental Table 4) confirms the
extreme rarity of the involvement of Asians in fevelated AE, especially in children, with a
single report of rapid monomorphic VT in a 2.2 yelt Korean chil@~. The lower risk for
fever-related AE in Asian children may suggest thetr mutation is sensitive to testosterone,
which absence during childhood may also protechftioe effect of fever. Further research is
needed to explore this possibility.

Clinical implications.

Our results demonstrate that fever-related AEedfitist manifestation of the disease in the
majority of patients and may occur in a substamiishber of previously asymptomatic patients
without spontaneous type 1 Brugada-ECG. Thereforagcordance with the current
guideline$?, aggressive antipyretic therapy should be adngiréstto any BrS patient with fever.
In addition, special attention should be givenhtose children (especially those aged 0-5 years)
with syncope and/or febrile seizures who shouldengd ECG to exclude the possibility of
transient BrS-related A& A survey conducted among pediatric electropHgsists found that
only 3% of them recommend admission for observatioBrS children with fevef? Our

findings suggest that a policy of lower threshadih-hospital observation should be adopted in
children, especially in Caucasians aged < 5 yédaiever, based on our present study and prior
reports, the risk of AE of any type (fever-relatechot) in Asian children seems to be extremely
low allowing to recommend a more liberal hospitaian policy. Moreover, our data suggest
that the presence &N5A mutation in children may indicate a higher arrimyit risk during

fever. Finally, BrS females at their reproductage also have a very low AE risk and can be

Downloaded for Anonymous User (n/a) at Tel Aviv Sourasky - Ichilov Medical Center from ClinicalKey.com by Elsevier on April 15, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



16

managed conservatively with antipyretics at ougrdtsettings, unless any alarming symptoms
occur.

Limitations.

In 13.3% subjects from SABRUS there was no inforomaavailable regarding the occurrence of
fever during the AE, therefore we cannot excluaepbssibility of selection bias\ot all

SABRUS patients were followed by the participatoegters and the denominator from which
these patients were collected was unknown. Yet) éubese 178 patients had been excluded
the results demonstrated in Table 1 and Supplein€aldes 2 would not change meaningfully
(Supplemental tables 5-6), thus minimizing the pgokty of a bias. The study is retrospective
and details regarding whether the patients had 1yprigada-ECG changes during fever (F-type
1) were not available, precluding the analysid~efype ECG changes as a risk factor for AE. In
addition our survey did not collect data on QT im& measurements and the possibility of
overlap syndrome of long QT and BrS in part of cainort cannot be excluded. Nevertheless, we
relied on reports from leading centers in the fiéli$o, information regarding ablative or 1A
antiarrhythmic therapy which might have influentled tendency for fever related AE was not
collected. Our model of AE event risk per 1000 fedays may not be accurate since it is based
on a calculated estimation of 10 experts since avead know the exact risk exposure (fever
days). Nevertheless, the substantial higher ridewdr related AE in children aged 0-5 is also
demonstrated by the disproportionally higher petage of fever related AE in that age group.
Finally, the number of Asians, females and eldpdiients is limited; therefore our results
regarding these subgroups should be taken withoreand further validated by larger cohorts.
Also, the current cohort includes only 1 elderlgntde with fever related AE (while in the

literature we found 2 more cases), thus we camatfiat the risk of females for fever related
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AE is very low during their reproductive years, leser whether their risk increases after
menopause needs to be studied further.

Conclusions

Around 6% of AE in BrS patients are associated wWatler. The risk of fever-related AE in BrS
markedly varies according to age group, genderedimgical origin of patients. Taking these

factors into account may help in the clinical maragnt of BrS patients with fever.
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Table 1: Comparison between Brugada syndrome patients with arrhythmic event related
or unrelated to fever.

Fever-related AE  AE not related to fever P value

n=35 n= 553
Male Gender (%) 28 (80) 508 (92) 0.03
Age, years
median (IQR) 25 (3-46) 43 (34-52) <0.001
range 0.3-76 0.3-84
Group A (%) 28 (80) 328 (59) 0.02
Probands (%) 23/33 (70) 441/507 (87) 0.02
Ethnicity (%) 0.009
Caucasian 29 (83) 312 (56)
Asian 6 (17) 203 (37)
Others 0 (0) 38 (7)
Family history of SCD (%) 6 (17) 122 (22) 0.34
Spontaneous type 1 Brugada
(%) 24 (66) 377 (68) 0.96
History of syncope (%) 14 (40) 224 (41) 0.95
Positive EPS (%) 9/19 (47) 210/330 (64) 0.15
SCN5A mutation (%) 14/28 (50) 118/379 (31) 0.04
VF storm (%) 6 (17) 44 (8) 0.12

AE=arrhythmic event; SCD=sudden cardiac death; ERStrophysiological study; VF=ventricular
fibrillation, IQR=interquartile range.

Group A is defined as patients with documentedtald€A in whom the BrS diagnosis was made during
work-up performed after CA.
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Figurelegends
Figure 1A: Patient age distribution. Patients with (left panel) or without (middle panfelver-
related AE are shown. The percentage of patierttsfever-related AE in each age group is
presented on the right panel. The highest percerdhfgver-related AE is observed during

childhood (0-15 years) with another rise in peragatin the elderly (age >70)

Figure 1B: Agedistribution in males and females. Patients with (left panel) or without (middle
panel) fever-related AE are shown. The percentdgeateents in each gender with fever-related
AE in each age group is presented on the rightlp&irece the only females in age groups 16-26
and 60-70 were 16 and 70 years old, respectiviedyetare no cases of females with fever-

related AE between ages 17-69.

Figure 2: Flowchart. Flowchart describing total BrS patient populataomd how patients were

divided into subgroups with and without fever-rehAE (see text).

Figure 3: Estimated arrhythmic event rate per 1000 fever daysin each age group. The

circles represent the estimated rate and the wtsiskpresent the 95% CI. The estimated risk in
children aged 0-5 is higher than any other groupatih genders. When looking at the estimated
event rate of all patients (marked in black), thenmeo overlap of any estimation including its

95% CI with that of 0-5 years old age group.
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