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BACKGROUND Despite historically being considered a channelop-
athy, subtle structural changes have been reported in Brugada syn-
drome (BrS) on histopathology and cardiac magnetic resonance
(CMR) imaging. It is not known if these structural changes progress
over time.

OBJECTIVE The study sought to assess if structural changes in BrS
evolve over time with serial CMR assessment and to investigate the
utility of parametric mapping techniques to identify diffuse fibrosis
in BrS.

METHODS Patients with a diagnosis of BrS based on international
guidelines and normal CMR at least 3 years prior to the study period
were invited to undergo repeat CMR. CMR images were analyzed de
novo and compared at baseline and follow-up.

RESULTS Eighteen patients with BrS (72% men; mean age at
follow-up 47.4 6 8.9 years) underwent serial CMR with an average
of 5.0 6 1.7 years between scans. No patients had late gadolinium
enhancement (LGE) on baseline CMR, but 4 (22%) developed LGE on
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follow-up, typically localized to the right ventricular (RV) side of the
basal septum. RV end-systolic volume increased over time (P5 .04)
and was associated with a trend toward reduction in RV ejection
fraction (P5 .07). Four patients showed a reduction in RV ejection
fraction.10%. There was no evidence of diffuse myocardial fibrosis
observed on parametric mapping.

CONCLUSIONS Structural changes may evolve over time with
development of focal fibrosis, evidenced by LGE on CMR in a signif-
icant proportion of patients with BrS. These findings have implica-
tions for our understanding of the pathological substrate in BrS and
the longitudinal evaluation of patients with BrS.

KEYWORDS Brugada syndrome; Cardiac magnetic resonance; Car-
diomyopathy; Fibrosis; Late gadolinium enhancement
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Published by Elsevier Inc. This is an open access article under the
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Introduction
Brugada syndrome (BrS) is an inherited heart disease charac-
terized by an electrocardiogram (ECG) signature of downslop-
ing ST-segment elevation with T-wave inversion in the right
precordial leads and a risk of malignant ventricular
arrhythmia.1,2 BrS has primarily been considered a channelop-
athy due to its signature ECG phenotype, the absence of ubiq-
uitous structural disease, and its association with pathogenic
variants in the SCN5A gene. However, structural abnormalities
in BrS are increasingly appreciated. Histopathological
changes including fibrosis, fatty infiltration, inflammatory in-
filtrates, and increased collagen deposition have been
described in patients with BrS.3–6 Structural changes have
also been observed with cardiac magnetic resonance (CMR)
imaging, which is the gold standard for right ventricular
(RV) assessment and noninvasive detection of replacement
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KEY FINDINGS

- Focal fibrosis evidenced by late gadolinium enhance-
ment on cardiac magnetic resonance and a subtle in-
crease in right ventricular volumes can develop during
follow-up in Brugada syndrome.

- Findings suggest a progressive myocardial pathology in
some patients with Brugada syndrome.

- Current parametric mapping techniques do not appear
to detect diffuse fibrosis in patients with Brugada
syndrome.
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fibrosis.7–10 Newer parametric mapping techniques allow
more detailed tissue characterization for subtle changes such
as diffuse fibrosis, but these have not been specifically
studied in BrS.11

In inherited cardiomyopathies such as hypertrophic car-
diomyopathy (HCM), disease penetrance has been shown to
be age related.12 Indeed, the extent of structural abnormalities
in HCM, including focal myocardial scar, can progress over
time, and these changes correlate with clinical outcomes.13

InBrS, thefirst arrhythmic eventsmost often occur in the third
or fourth decade of life, and structural abnormalities identified
on noninvasive imaging may correlate with arrhythmic
events.2,14 Hence, it is important to assess whether the struc-
tural abnormalities in BrS emerge or progress over time.

In this exploratory study, we sought to identify if the struc-
tural changes in patients with BrS develop or progress over
time on serial CMR imaging. The secondary aim was to
investigate if newer parametric mapping CMR techniques
may detect diffuse fibrosis in BrS.
Methods
Patient selection
Patients who fulfilled diagnostic criteria for BrS, 2-mm
coved-type ST-segment elevation spontaneously or after
provocation with sodium-channel blocker, were recruited
from the Genetic Heart Disease Clinic at Royal Prince Alfred
Hospital, Sydney, Australia.1 Patients with BrS were invited
to participate if they had undergone CMR imaging more than
3 years prior demonstrating normal ventricular volumes and
absence of myocardial scar, and if there were no contraindi-
cations to repeat scanning such as an implantable
cardioverter-defibrillator. Notably, no patients screened for
inclusion were excluded due to abnormal baseline volumes
or baseline late gadolinium enhancement (LGE), in keeping
with the subclinical volumetric changes described in BrS
and low rate of LGE previously described.9 Demographic
and clinical information were collected from patient records.
Patients with no history of cardiac arrest or syncope were
considered asymptomatic and a family history of sudden car-
diac death was noted if a first- or second-degree relative died
suddenly under the age of 45 years. The study adhered to Hel-
sinki Declaration guidelines, was approved by the local
research ethics committee (X15-0061), and informed consent
was obtained from all participants.
CMR acquisition
Baseline CMR scans were obtained for de novo analysis.
Follow-up CMR scans were performed using a 1.5T (Phil-
lips, Best, the Netherlands) scanner, and the imaging protocol
included steady-state free precession cine acquisitions of
both ventricles from base to apex in the vertical long-axis,
4-chamber, and short-axis views. Segmented phase-
sensitive inversion recovery sequences (imaging parameters:
repetition time 5 3.6 ms; echo time 5 1.2 ms; flip angle 5
15�; slice thickness 5 5 mm; field of view 5 370 mm, ac-
quired during a single breath hold) were used to identify focal
myocardial scar 10 minutes postadministration of intrave-
nous contrast (0.2 mmol/kg of gadobutrol [Gadovist]). A
Look-Locker sequence was used to determine the null point
of normal remote myocardium. Significant enhancement was
defined as occurring at 5 SDs above the null point. Parametric
mapping was performed for tissue characterization on
follow-up scans (required sequences were not available at
the time of baseline scanning). Native T1 times were
computed in the interventricular septum, and hematocrit
was measured immediately prior to scanning using a point-
of-care device for extracellular volume (ECV).
CMR analysis
Image analysis was performed using Horos version 3.3
(Horos Project; https://horosproject.org/) and OsiriX 12 (Pix-
meo SARL, Geneva, Switzerland). The presence or absence
of LGE was reported independently by 2 level 3 European
Association of Cardiovascular Imaging/Society for Cardio-
vascular Magnetic Resonance reporters. Native T1 times
and ECV were compared with the local reference range
(native T1 5 968–1076 ms and ECV ,28%). Left ventricu-
lar (LV) and RV volumes and ejection fractions (EFs) were
calculated using Simpson’s method after manually contour-
ing the endocardial surface at end-diastole and end-systole
in sequential cine short-axis slices. Ventricular volumes
were compared with reference standards for age and sex, ac-
cording to standard recommendations.15,16 A change in EF
�10 percentage points was considered a significant change
over time. This cutoff was chosen on the basis of the reported
reproducibility of EF measurements, and consensus defini-
tions of LV impairment in the cardio-oncology setting.17,18

RV outflow tract (RVOT) volume was assessed on short-
axis images by manual segmentation in end-diastole. For
consistency, the inferior border of the RVOT was taken at
90� from the LV or RV insertion points or RV or aortic junc-
tion as appropriate. The superior border was defined at the
level of the pulmonary valve. RVOT volume was derived us-
ing Simpson’s method. RVOT volume was measured twice
on all scans, and the mean volume is reported. RVOT volume
was then calculated on a random selection of 20% of CMR
images by a second observer for the appraisal of interob-
server variability.

https://horosproject.org/


Table 1 Cohort characteristics (N 5 18)

Male 13 (72)
Age at baseline, y 42.4 6 8.8
Age at follow-up, y 47.4 6 8.9
Asymptomatic 18 (100)
Spontaneous type 1 ECG 9 (50)
Shanghai score 3.0 6 0.9
Family history of BrS 3 (17)
Family history of SCD 1 (6)
SCN5A positive* 3 (19)
Quinidine therapy 4 (22)
Time between CMR imaging, y 5.0 6 1.7

Values are n (%) or mean 6 SD.
BrS 5 Brugada syndrome; CMR 5 cardiac magnetic resonance; ECG 5

electrocardiogram; SCD 5 sudden cardiac death.
*SCN5A status of 2 patients was unknown.
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Statistical analysis
SAS OnDemand (SAS Institute, Cary, NC) and GraphPad
Prism version 9.1 (GraphPad Software, San Diego, CA)
were used for statistical analysis. Descriptive statistics of
continuous variables are reported as mean6 SD and categor-
ical variables are reported count and percentage of available
data. Continuous variables were tested for normality using
the Shapiro-Wilk test and compared using 2-tailed, paired t
tests. Statistical significance was defined as P , .05. The
data underlying this article will be shared on reasonable
request to the corresponding author.
Results
Patient characteristics
The clinical characteristics of the cohort are reported in
Table 1. The majority of participants were men (72%), and
the average age at time of follow-up scan was 47.4 6 8.9
years. Given the exclusion of patients with implantable
Table 2 CMR indices at baseline and follow-up

Normal range

Body surface area —
LVEDV, mL 77–195
LVEDVi, mL/m2 47–92
LVESV, mL 19–72
LVESVi, mL/m2 13–30
LVEF, % 56–78
RVEDV, mL 88–227
RVEDVi, mL/m2 47–92
RVESV, mL 23–103
RVESVi, mL/m2 15–45
RVEF, % 47–74
RVOT-EDV, mL NA
RVOT-EDVi, mL/m2 NA
RVOT as proportion of RVEDV, % NA

Values are mean 6 SD, unless otherwise indicated.
CMR 5 cardiac magnetic resonance; EDV 5 end-diastolic volume; EDVi 5 en

end-diastolic volume; LVEDVi 5 left ventricular end-diastolic volume indexed to
ventricular end-systolic volume; LVESVi 5 left ventricular end-systolic volume ind
end-diastolic volume; RVEDVi 5 right ventricular end-diastolic volume indexed to
ventricular end-systolic volume; RVESVi 5 right ventricular end-systolic volume in
*P-value � .05.
cardioverter-defibrillators, all patients were asymptomatic.
Nine (50%) patients had a spontaneous type 1 BrS ECG
pattern, 2 (11%) patients had a history of fever-induced
type 1 pattern, and 7 (39%) had only a type 1 BrS ECG docu-
mented during a sodium-channel blocker challenge. Three
patients had a pathogenic or likely pathogenic SCN5A variant
(patient WC1: c.1936delC; patient AOL1: c.4086delG; pa-
tient TD3 had a previously described balanced translocation
interrupting SCN5A).19,20
CMR analysis: Volumetric assessment
CMR indices at baseline and follow-up are detailed Table 2.
Although all volumetric indices were within the normal range
at baseline and follow-up, there was an increase in RV end-
systolic volume (RVESV) from baseline to follow-up scan
(63.16 26.6 mL to 71.26 21.7 mL; P5 .04) that persisted
after indexing for body surface area (P5 .050), as illustrated
in Figure 1A. A trend toward reduction in RVEF over time
was also observed (58.1 6 7.0% to 54.6 6 5.2%; P 5 .07)
(Figure 1B). Four patients had an absolute reduction in
RVEF by more than 10%, and clinical characteristics of these
patients are reported in Table 3. Mean RVOT volumes
increased on follow-up scans, but the change was not statis-
tically significant. Intra- and interobserver correlation coeffi-
cients for RVOT end-diastolic volume were 0.91 and 0.74.
respectively. Baseline and follow-up CMR parameters were
similar between patients with spontaneous type 1 ECG
pattern and those with an inducible type 1 ECG pattern
(Supplemental Tables 1 and 2). There were no significant dif-
ferences in LV volumes or LVEF.
CMR analysis: Fibrosis assessment
No patients had evidence of LGE on the baseline scan. Four
(22%) patients developed LGE on follow-up CMR
Baseline Follow-up P value

1.9 6 0.2 1.9 6 0.3 .313
129.7 6 37.7 130.9 6 32.6 .765
66.9 6 15.4 66.8 6 9.6 .962
44.6 6 16.9 46.9 6 15.8 .356
22.9 6 7.2 24.4 6 5.1 .305
66.1 6 6.4 64.6 6 6.7 .375
147.4 6 46.0 155.1 6 40.3 .126
75.9 6 18.4 78.8 6 11.4 .294
63.1 6 26.6 71.2 6 21.7 .041*
32.1 6 11.6 36.2 6 7.4 .050*
58.1 6 7.0 54.6 6 5.2 .071
10.3 6 4.8 11.3 6 3.7 .189
5.0 6 2.5 5.8 6 1.6 .215
6.8 6 2.1 7.4 6 1.8 .214

d-diastolic volume indexed to body surface area; LVEDV 5 left ventricular
body surface area; LVEF 5 left ventricular ejection fraction; LVESV 5 left
exed to body surface area; NA 5 not applicable; RVEDV 5 right ventricular
body surface area; RVEF 5 right ventricular ejection fraction; RVESV5 right
dexed to body surface area; RVOT 5 right ventricular outflow tract.



Figure 1 Volumetric changes in Brugada syndrome on longitudinal assessment. A: Increased right ventricular end-systolic volume indexed to body surface
area (RVESVi) over the follow up period. B: A trend toward reduction in right ventricular ejection fraction (RVEF) on serial cardiac magnetic resonance.
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(Figure 2). The LGE was localized to the septum in all cases,
and specifically to the RV side of the basal septum in 3 pa-
tients. There was no evidence of diffuse fibrosis on follow-
up scans with parametric mapping indices in the normal
range (native T1 time 969.7 6 36.7 ms and ECV 24.1 6
5.4%).
Patients exhibiting significant structural change
during follow-up
The clinical and genetic features of patients with significant
change in structural phenotype (ie, development of LGE
and/or absolute reduction in RVEF of �10%) are described
in Table 3. Among patients who developed LGE, 3 patients
had a spontaneous type 1 pattern, and the average Shanghai
score was 4.1, compared with 3.0 in the general cohort. Two
of the 4 patients had a family history of BrS, but all were
SCN5A negative. Among patients with a significant reduction
in RVEF, 3 of 4 had an inducible type 1 BrS ECG (mean
Shanghai score of 2.4). A disease-causing SCN5A variant
Table 3 Characteristics of patients with significant progression of stru

Patient
code Structural abnormality

Age at
follow-
up
scan (y)

Time
between
scans (y) Ethnicity

BPU1 LGE 50.5 4.6 Southern and
Central Asian

BPS1 LGE 46.6 5.4 North African a
Middle Easte

ATT1 LGE 41.4 8.0 Northwest Euro
BXI1 LGE 48.4 4.5 Northwest Euro

BTR1 RVEF reduction of 12% 52.2 3.9 Southeast Asian

TD3 RVEF reduction of 13% 40.8 4.5 Northwest Euro
CBX1 RVEF reduction of 14% 57.9 4.4 Northwest Euro
CGL1 RVEF reduction of 17% 27.0 4.3 Northeast Asian

BrS5 Brugada syndrome; ECG5 electrocardiogram; FHx5 family history; LGE
was present in patient TD3, part of a previously described
family with a SCN5A translocation associated with pleiotropic
manifestations including BrS, sudden cardiac death, sick sinus
syndrome, and myocardial hypertrophy.20 Otherwise, all pa-
tients who demonstrated significant structural changes during
follow-up had no disease-causing variants identified on
comprehensive cardiac genetic testing, analyzing genes asso-
ciated with cardiomyopathy and inherited arrhythmia syn-
dromes.
Discussion
Key findings
The key finding of this exploratory study is that structural ab-
normalities may evolve during follow-up of patients with
BrS. We observed the development of focal replacement
fibrosis evidenced by LGE in 22% of patients, as well as a
reduction in RVESV and a trend toward reduction in
RVEF over time. However, diffuse interstitial fibrosis was
not detected on parametric mapping techniques. To our
ctural phenotype

Shanghai
score BrS ECG

FHx
of BrS

Genetic
testing

SCN5A
Status

6.5 Spontaneous Yes Genome Negative

nd
rn

3.5 Spontaneous Yes Exome Negative

pean 3.5 Spontaneous No Exome Negative
pean 3 Fever induced No 115-gene

pan-cardiac
panel

Negative

2 Drug induced No 100-gene
pan-cardiac
panel

Negative

pean 2 Drug induced No Genome Positive
pean 3.5 Spontaneous No Exome Negative

2 Drug induced No 100-gene
pan-cardiac
panel

Negative

5 late gadolinium enhancement; RVEF5 right ventricular ejection fraction.



Figure 2 Late gadolinium enhancement (LGE) on cardiacmagnetic resonance during follow-up in Brugada syndrome. Four patients developed LGE (indicated
by red arrow) during the follow-up period, as demonstrated in these representative images (top row from baseline and bottom row from follow-up cardiac mag-
netic resonance). The most extensive LGE was seen in patient ATT1 with midwall enhancement in the septum. Patients BSP1, BPU1, and BXI1 developed LGE
in similar distributions—on the right ventricular side of the basal septum.
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knowledge, this is the first study to investigate whether the
structural phenotype in BrS changes over time and also the
first to report parametric mapping indices in a BrS cohort.
Overall, these findings support the hypothesis that BrS has
features of a cardiomyopathy with structural changes that
may extend beyond the RVOT and, that these changes can
progress over time, only becoming apparent with longitudi-
nal assessment.
Histopathological substrate in BrS
Pathological studies of patients with BrS have reported a
wide spectrum of abnormalities including interstitial fibrosis,
inflammatory infiltrates, and fibrofatty replacement.4–6,21,22

Indeed, some findings have raised the possibility of overlap
between the pathogenesis of BrS and other conditions such
as arrhythmogenic cardiomyopathy and myocarditis.3,23

Epicardial and interstitial fibrosis and reduced gap junction
expression have been shown to colocate with the abnormal
electrical substrate in the RVOT.4,5 However, myocardial
changes are subtle and may be difficult to detect in with cur-
rent noninvasive imaging technology.5,6,21 Indeed, Miles and
colleagues22 identified increased collagen content throughout
both the RV and LV (in the absence of overt histological ab-
normalities) on p�ostmortem examination of 28 BrS dece-
dents, confirming that even more subtle ultrastructural
changes may be present on a global basis in BrS. These find-
ings imply that BrS may actually be a generalized myocardial
disease, with the intrinsic properties of the RVOT predispos-
ing this region to more overt fibrosis and electrical abnormal-
ities.5
Utility of CMR in BrS
As an extension of the pathological studies in BrS, CMR
studies have also reported subtle changes in RV volumes
and contractile function compared with healthy control
subjects as well as the presence of septal and LV LGE in
some patients with BrS.9,10,14,24,25 The reported incidence
of LGE is variable but is unequivocally lower than fibrosis
in histological series, likely reflecting the lower sensitivity
of CMR in detection of subtle fibrosis, as well as limitations
of scar assessment in the thin-walled RV.
Development of structural changes during follow-
up in BrS
The potential for progression in the structural phenotype of
patients with BrS has not been systematically studied to
date. Perhaps the most striking observation from the present
study was the development of LGE in 4 of 18 patients that
was not observed on their previous CMR imaging. The
LGE was localized to the septum and confined to the midwall
in all cases, thus not in a typically ischemic distribution. Mid-
wall LGE is a typical finding in nonischemic dilated cardio-
myopathy and has been associated with increased arrhythmic
events.26 Basal septal LGE has been reported in normal indi-
viduals, and while a physiological LGE pattern has been pro-
posed, this pattern was not seen in the individuals who
developed LGE in the present study.27 The patients did not
report any interval viral illness or chest pain syndrome to
implicate myocarditis. Comprehensive cardiac genetic anal-
ysis excluded disease-causing genetic variants in cardiomy-
opathy (including desmosomal genes) or non-SCN5A
channelopathy-associated genes in these patients.

We also observed an increase in RVESV and a trend to-
ward reduced RVEF over time, suggesting that RV changes
in BrS may also be a progressive process. This observation is
in line with previous CMR studies that have demonstrated
that RVESV is larger in patients with BrS compared with
normal control subjects and associated with a reduction in
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RVEF.9,14,24 However, we did not observe a significant
change in RVOT volume in our small cohort. Perhaps pro-
vocative assessment of the RV following ajmaline infusion25

or assessment of RV myocardial strain by CMR14 may
further improve the sensitivity of detecting subclinical struc-
tural changes in the RV in BrS.

Potential mechanisms for structural progression in
BrS
Mechanistic explanations for the observed development of
abnormal tissue architecture in BrS may be speculated. First,
we considered the interactions of age and SCN5A status. Pa-
tients with other inherited conditions such as HCM have been
shown to have increased LGE with aging.13 In BrS, the car-
diac sodium channel encoded by the SCN5A gene is known to
interact with proteins in both the desmosome and gap junc-
tions, and variants may cause a primary disturbance of
myocardial structure.5,28,29 Moreover, SCN5A knockout
mice have exhibited age-related development of fibrosis in
ventricular myocardium and associated delay in epicardial
activation.30 While age is associated with increased ventric-
ular fibrosis in these settings, it does not appear to be an
adequate explanation in our cohort. The average age at the
follow-up scan of those who developed fibrosis was 46.7
years compared with 47.6 years for those who did not. The
age of those who developed LGE was also comparable to
the mean age of patients without LGE in previous CMR
studies of BrS (average mean age of 43.6 years, with a range
of means from 38–48 years).9,10,14,24,25,31 SCN5A status did
not appear to account for development of structural changes
in our cohort, either. None of the 4 patients who developed
LGE and only 1 of the 4 patients who developed significant
reduction in RVEF had a pathogenic SCN5A variant.

Another potential explanation may be subclinical inflam-
mation. Acute inflammation has been postulated as a potential
mechanism for disease progression, and so-called hot phases in
arrhythmogenic cardiomyopathy.32,33 In BrS, lymphocytic
infiltration has been identified at sites with progression of elec-
troanatomical substrate and in histological studies appears to
associate with fibrosis.3,21,34 Elevated C-reactive protein and
autoantibodies to cardiac proteins have been identified in BrS
cohorts, and active myocardial inflammation detected by posi-
tron emission tomography scan was implicated in 2 patients
with BrS with recurrent ventricular fibrillation, 1 of whom re-
sponded to immunosuppression, rather than antiarrhythmic
medications and catheter ablation.35–37 Hence, myocardial
inflammation may also have a role in pathogenesis, disease
progression, and arrhythmogenesis in BrS.

Parametric mapping in BrS
Although LGE is validated as a correlate of replacement
myocardial fibrosis, it has limitations for the detection of
diffuse interstitial fibrosis. Newer parametric techniques
such as T1 mapping and ECV assessment have been used
to detect diffuse interstitial fibrosis in HCM, dilated
cardiomyopathy, and arrythmogenic cardiomyopathy,38,39

but they have not been evaluated in patients with BrS to date.
Given the recent report of increased global collagen con-

tent in patients with BrS,22 we hypothesized that parametric
mapping with CMR may allow in vivo detection of diffuse
interstitial fibrosis in BrS. However, we did not detect any
abnormal parametric mapping indices outside of the normal
range. This may indicate that these techniques are insensitive
to the detection of subtle increases in collagen deposition
observed in histological evaluation of BrS. It is also possible
that sampling the interventricular septum, one of the areas
with relatively low distribution of collagen compared with
the well-described fibrosis of the RVOT, reduces the sensi-
tivity for detecting subtle interstitial fibrosis in BrS.22 Unfor-
tunately, the thin wall of the RV, and particularly of the
RVOT, renders advanced fibrosis assessment on these areas
difficult with current noninvasive techniques.39
Limitations
The findings from this study should be considered exploratory
and hypothesis-generating because the study cohort was small.
Replication of the results in a larger, multicenter cohort will be
important to confirm these early findings. It is possible that an
alternative diagnosis such as cardiomyopathy may explain the
CMR changes; however, only patients with a spontaneous or
drug-induced type 1 pattern were included (mean Shanghai
score of 3), no patients had clinical symptoms suggestive of
myocarditis, and there was no evidence of cardiomyopathy
on the initial CMR scan or on comprehensive cardiac genetic
testing. Baseline scans were performed at a number of sites
with different protocols for image acquisition. Despite under-
taking de novo analysis to standardize assessment, this real-
world issue makes serial assessment more challenging. The
time interval between CMR scans was not standardized, and
a longer interval between scansmay have the potential to reveal
an even higher burden of progressive structural changes. Pa-
tients with an implantable cardioverter-defibrillator were
excluded from this study, and it is possible that the degree of
progressive structural change in BrS may be underestimated
by our asymptomatic cohort.
Implications and future directions
BrS appears to be a progressive substrate in some patients,
and changes may be detected on serial cardiac imaging.
While Scheirlynck and colleagues29 showed that patients
with BrS and features of arrythmogenic cardiomyopathy
have worse arrhythmic outcomes, the clinical significance
of progressive structural changes such as the development
of focal fibrosis in BrS requires further evaluation. It will
be useful for future studies to compare patients with and
without progressive structural changes to understand demo-
graphic, genetic, and clinical differences and ultimately, out-
comes. The mechanism for progressive changes should be
explored, as this may have implications for therapy. In partic-
ular, serial evaluation of positron emission tomography–
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computed tomography or inflammatory markers may shed
light on the potential role of inflammation in disease progres-
sion. Although it remains to be seen whether disease progres-
sion is associated with poorer prognosis, it is plausible that it
would have an impact on risk stratification, proposed thera-
pies such as catheter ablation, and even immune modulation
once the drivers of disease progression in these individuals
are better understood.
Conclusion
Structural changes may emerge in a significant proportion of
patients with BrS on longitudinal assessment. Subtle changes
in RVESV and RVEF and the development of septal LGE
over time suggest that there may be a degree of global
myocardial dysfunction in BrS beyond the RVOT. The clin-
ical significance of these progressive structural changes re-
mains unclear, but if shown to be associated with adverse
clinical outcomes in follow-up studies, they may dictate a
change in the approach to risk stratification and clinical man-
agement of BrS.
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