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Brugada syndrome (BrS) diagnosis requires the presence of a typical type 1 ECG pattern.
Owing to the spontaneous ECG variability, the real BrS prevalence in the general popula-
tion remains unclear.
The aim of the present study was to evaluate the prevalence of positive ajmaline challenge
for BrS in a cohort of consecutive patients who underwent electrophysiological evaluation
for different clinical reasons. All consecutive patients from 2008 to 2019 who underwent
ajmaline testing were prospectively included. A total of 2,456 patients underwent ajmaline
testing, 742 (30.2%) in the context of familial screening for BrS. In non-familial screening
group (1,714) ajmaline testing resulted positive in 186 (10.9%). Indications for ajmaline
testing were: suspicious BrS ECG in 23 cases (12.4%), palpitations in 27 (14.5%), syncope
in 71 (38.2%), presyncope in 7 (3.8%), family history of sudden cardiac death in 18
(9.7%), documented ventricular arrhythmias in 12 (6.5%), unexplained cardiac arrest in
4 (2.2%), atrial fibrillation in 16 (8.5%), brady-arrhythmias in 1 (0.5%), and cerebrovas-
cular accidents in 7 (3.7%). Compared with the overall population, ajmaline testing posi-
tive patients were younger (42.8 § 15.5 vs 48.9 § 20.4; p <0.001) and more frequently
male (65.1% vs 56.3%; p = 0.023). Implantable cardioverter defibrillator was implanted in
84 patients (45.2%). During a median follow-up of 42.4 months, 12 appropriate shocks
and 13 implantable cardioverter defibrillator related complications were reported. In con-
clusion, the BrS was diagnosed in an unexpected high proportion of patients that under-
went ajmaline testing for a variety of cardiovascular symptoms. This can lead to an
adequate counseling and clinical management in BrS patients. © 2020 Elsevier Inc. All
rights reserved. (Am J Cardiol 2020;135:91−98)
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Brugada syndrome (BrS) is an inherited disease respon-
sible for sudden cardiac death (SCD) in structurally normal
hearts due to ventricular fibrillation (VF).1,2 The diagnosis
of BrS is based on characteristic electrocardiographic find-
ings following 2013 and 2015 criteria.2,3 Owing to this vari-
ability, the real prevalence of BrS in the general population
remains unclear although it has been estimated to range
between 0.05% and 0.2%.4−7 In subjects without spontane-
ous type 1 ECG pattern, sodium channel blocker challenge
(SCBC) is commonly used to unmask the ECG pattern2,8

(Figure 1). Current available literature points out that
patients with drug-induced BrS are at a lower risk for
arrhythmic events,9−11 however SCD can still happen,
therefore risk stratification of BrS patients is of utmost
importance. The positive outcome of drug-induced BrS
might be limited only to asymptomatic patients. Subjects
presenting with syncope or SCD have a worse prognosis
irrespective of ECG pattern.12 The aim of the present study
was to evaluate the real burden of positive ajmaline testing
in a cohort of consecutive patients who underwent electro-
physiological (EP) evaluation for different clinical reasons
and its impact on BrS patients clinical management.
Methods

Consecutive patients who underwent ajmaline testing
and eventual electrophysiological study (EPS) in our insti-
tution, Universitair Ziekenhuis Brussels, Belgium, between
October 2008 and October 2019 were prospectively
included. The study has been approved by the Universitair
Ziekenhuis Brussels ethics committee. Those patients tested
in the context of family BrS screening were excluded. Rea-
sons for the drug challenge were: palpitations, presyncope,
syncope believed to be of arrhythmic origin, ECG pattern
suggestive for BrS (type 2 and Brugada-like pattern),13 ven-
tricular arrhythmias (VA) (premature ventricular contrac-
tions [PVC], non-sustained ventricular tachycardia [NSVT]
and hemodynamically tolerated ventricular tachycardia
[VT]), family history of SCD, cerebrovascular accidents
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Figure 1. Positive ajmaline challenge. Normal baseline ECG (A) with a progressive conversion (B,C) to Brugada syndrome type 1 pattern (D) during ajma-

line infusion. (A) Baseline ECG, (B) ajmaline 0.5 mg/kg, (C) ajmaline 0.7 mg/kg, (D) ajmaline 1 mg/kg.
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(CVA), atrial fibrillation (AF) without structural heart dis-
ease, unexplained cardiac arrest (UCA) and suspected bra-
dyarrhythmia. Indication for ajmaline testing in the context
of UCA was defined as documented VF in absence of coro-
nary artery disease, cardiomyopathy observed on transtho-
racic echocardiography and magnetic resonance imaging
(MRI) or an ECG-based diagnosis (e.g., long QT syn-
drome). A family history of SCD was established when the
index case was younger than 50 years of age or, at an older
age, in the context of other features suggestive of an inher-
ited arrhythmia.14 Data were reviewed by 2 physicians
blinded to the clinical information of the patients. Patients
referred to our center for a second opinion on previously
diagnosed BrS were not included in the study.

Ajmaline (1 mg/kg) was administered intravenously over
a 5 minutes period to unmask the diagnostic ECG pattern of
BrS in case of non-diagnostic baseline ECG. The test was
considered positive if type 1 ECG pattern was documented
in ≥1 precordial leads (V1-V3) at the fourth, third, or sec-
ond intercostal space. The infusion was stopped when crite-
ria for a positive test were reached. The test was
prematurely terminated (<1 mg/kg without a type 1 ECG)
for either excessive QRS widening (>140%) or induction
of ventricular couplets, high degree atrio-ventricular block,
ventricular tachycardia, or recurrent isolated PVC. In cases
of premature termination, the test was considered inconclu-
sive for BrS and ruled out from the study.

EPS included basal measurements of conduction inter-
vals and programmed ventricular stimulation. The protocol
used a single site of stimulation (right ventricular apex), 3
basic pacing cycles (600, 500, and 430 ms), adding 1, 2,
and 3 ventricular premature beats down to a minimum of
200 ms. A patient was considered inducible if sustained VA
lasting more than 30 seconds or requiring emergency inter-
vention was induced (Figure 2). Programmed ventricular
stimulation was performed before ajmaline administration.
In case of a positive VT induction test, considered the risk
of sustained arrhythmias, ajmaline testing was performed
the following day.

Clinical follow-up of patients consisted of physical
examination and ECG performed at least every 6 months in
case of device therapy patients and every 2 years elsewise.
Follow-up of ICDs was performed at 1 and 3 months after
implantation and thereafter every 6 months. All available
electrograms of appropriate and inappropriate shocks were
analysed by at least 2 investigators independently. Appro-
priate therapies were defined as shocks or anti-tachycardia
pacing delivered for VT or VF and inappropriate therapies
were defined as those delivered in the absence of VA.
Device related complications were defined as inappropriate
shocks and/or lead failures (fracture, dislogment). The risk
stratification score model proposed by our group15 was then
retrospectively applied to all the patients.

Data analysis was performed by means of SPSS 20.0
(Armonk, New York: IBM Corp). Continuous variables are
expressed as mean § standard deviation (SD). Categorical
variables are expressed as percentages. Comparison
between groups was made by means of Student’s t test for
unpaired data. Chi-square test was performed for nominal
data. Logistic regression analysis was used to analyze pre-
dictors of positive result for ajmaline testing (binary varia-
bles). Arrhythmic events were defined as SCD, aborted
SCD and appropriate ICD therapies. Survival analysis was
performed by means of Kaplan Meyer curves and differ-
ence between groups expressed with Log Rank test. A p-
value less than 0.05 was considered statistically significant.
Results

A total of 2,456 patients underwent ajmaline testing and
EPS between October 2008 and October 2019 in our center
(Figure 3). Ajmaline testing was performed in the context
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Figure 2. Electrophysiological study in a patient with positive ajmaline challenge. Ventricular fibrillation induction during electrophysiological study (per-

formed with a decapolar catheter Biotronik ViaCath NG 10/S/2-6-2 mm and a quadripolar catheter Boston Scientific Viking 6F) with 8 basic pacing cycles

of 430 ms and 3 premature extrabeats (250 ms).
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of familial screening for BrS in 742 (30.2%) patients and
for other reasons in 1714 (69.8%). Baseline and EPS
patients characteristics are shown in Table 1. Ajmaline test-
ing was positive in 186 patients (10.9%); the rate of positive
ajmaline was not significantly different over the years ana-
lyzed (p = 0.225) and ranged from a minimum of 5.0% in
2013 to a maximum of 14.9% in 2016. Baseline characteris-
tics and indications of patients with positive and negative
ajmaline testing are displayed in Table 2 and Figure 4. Dur-
ing ajmaline testing 2 patients experienced VT and VF that
required direct current (DC) shock to restore the sinus
rhythm and 2 patients had major allergic reaction solved
Figure 3. Flowchart of patients underwent ajmaline testing. BrS = Br
without complications. In patients with a negative ajmaline
testing, 13 (0.9%) had VT/VF induction, 40 (2.6%) NSVT
or 52 PVC (3.4%), 73 (4.8%) presented advanced conduc-
tion disease requiring a pacemaker implantation, 103
(6.7%) were diagnosed with reflex syncope, 52 (3.4%) typi-
cal atrio-ventricular nodal reentrant tachycardia (AVNRT),
31 (2%) atrial flutter, 193 (12.6%) atrial fibrillation, 27
(1.8%) premature atrial contraction and 944 (61.8%) had a
negative EPS.

Compared with the overall population, ajmaline testing
positive patients were younger (42.8 § 15.5 vs 48.9 § 20.4;
p <0.001) and more frequently male (65.1% vs 56.3%;
ugada syndrome; ICD = Implantable cardioverter defibrillator.



Table 1

Baseline and EPS characteristics of cohort of patients underwent ajmaline

testing between October 2008 and October 2019 in our center

Variable Overall n patients= 1714

Men 981 (57.3%)

Age (years) 48.2 § 20.0

Heart rate (bpm) 71.3 § 15.1

PR (ms) 164.6 § 49.5

QRS (ms) 99.9 § 23.8

QTc (ms) 413.7 § 40.4

AH (ms) 92.5 § 35.1

HV (ms) 45.4 § 23.1

RWCL (ms) 428.7 § 108.7

AWCL (ms) 399.4 § 135

cSNRT (ms) 365 § 262.3

DHV (ms) 21.7 § 32.5

AWCL = anterograde Wenckebach cycle length; cSNRT = corrected

sinus node recovery time; DHV =HV after ajmaline infusion- baseline

HV; RWCL = retrograde Wenckebach cycle length.
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p = 0.023). ECG and EPS data were comparable except for
a slightly longer baseline QRS duration in BrS patients
(104.3 § 23.8 vs 99.3 § 23.8; p = 0.008) and an inducible
sustained VT of VF during EPS 7/186 (3.8% vs 0.3%; p
<0,001); Table 2. Follow-up was available in 172 patients
(92.5%). Median follow-up was 42.4 months (interquartile
Table 2

Comparison of baseline, electrophysiological study characteristics and indications

Variable Positive ajmaline testing patients = 186

Men 121 (65.1%)

Age (years) 42.7 § 15.5

Heart rate (bpm) 70.8 § 13.2

Hypertension 16 (8.6%)

LVEF (%) 61.2 § 5.2

Diabetes mellitus 4 (2.2%)

eGFR, ml/min/1.73 m2 85.2 § 10.2

PR (ms) 163 § 27.8

QRS (ms) 104.3 § 23.8

QTc (ms) 410.3 § 35.6

AH (ms) 92.4 § 24.1

HV (ms) 44§ 8.7

RWCL (ms) 445.6 § 116.4

AWCL (ms) 386.8 § 88.4

cSNRT (ms) 363.3 § 212.8

DHV (ms) 26.1 § 12.5

Syncope 71 (38.2%)

Palpitations 27 (14.5%)

Presyncope 7 (3.8%)

Bradyarrhytmia 1 (0.5%)

AF 16 (8.6%)

VA 12 (6.5%)

Family history SCD 18 (9.7%)

Suspected ECG 23 (12.4%)

CVA 7 (3.8%)

UCA 4 (2.2%)

Inducibility of VA in EPS 7 (3.8%)

AF = atrial fibrillation; AWCL = anterograde Wenckebach cycle length; cSNR

eGFR = estimated glomerular filtration rate; EPS = electrophysiological study; DH

tion fraction; RWCL = retrograde Wenckebach cycle length; SCD = sudden cardia
range: 9.2 to 86.6). 159 (85.5%) patients who underwent
genetic testing and at least 1 gene mutation could be identi-
fied in 43 of them (27%), in 4 cases double mutations. The
most common genetic alteration was on SCN5A gene in 26
(60.5%) cases. The other mutations were SCN10A (2
patients, 5%), SCN4A (3 patients, 7%), ANK2 (3 patients,
7%), AKAP9 (4 patients, 9%), KCNQ1 (3 patients, 7%);
CACNA1C, GPD1L in 1 patient (2%). At baseline 16
(8.6%) patients presented with a history of AF and during
FU we documented 22 (11.8%) new onset AF. Two patients
died due to cancer related complications.

Implantable cardioverter defibrillator (ICD) was placed in
84 patients (45.2%) with a mean risk score of 2.1 § 1.3, sig-
nificantly higher compared with non-ICD recipients (0.5 §
0.8; p <0,001). Reasons for ICD implantation were syncope
in 71 patients (84%), sustained induced VA in 7 (8.3%),
UCA 4 (4.7%) and sustained VA during SCBC in 2 (2.3%).
During FU 12 patients (14.3%) experienced 1 or more appro-
priate shocks (Figure 5). ICD related complications were
observed in 13 patients (15.5%), 8 lead failures (either atrial
or ventricular), and 5 inappropriate shocks due to fast heart
rate AF. Three patients (2%) without ICD presented at least
1 episode of NSVT. Right ventricle outflow tract epicardial
ablation was performed in 11 (5.9%) patients; cryobaloon
pulmonary vein isolation in 13 (7%), 3 (1.6%) AVNRT,
and 2 (1.1%) cavo-tricuspid isthmus blocks. A total of
of patients with positive and negative ajmaline testing

Negative ajmaline testing patients = 1528 p value

859 (56.4%) 0.028*

48.9 § 20.4 <0.001*
71.4 § 15.4 0.610

146 (9.6%) 0.901

59.7 § 4.4 0.870

15 (1%) 0.143

83.2 § 15.4 0.456

164.9 § 52.2 <0.634
99.3 § 23.8 0.008*

414.3 § 41.1 0.161

92.6 § 36.4 0.959

45.5 § 24.4 0.140

426.7 § 107.8 0.207

409.9 § 139.3 0.156

365.5 § 268.1 0.937

21.4 § 33.3 0.066

651 (42.6%) 0.159

280 (18.3%) 0.061

152 (10%) 0.156

89 (5.8%) <0.001*
146 (9.6%) 0.900

85 (5.6%) 0.138

51 (3.3%) <0.001*
37 (2.4%) <0.001*
22 (1.4%) 0.055

15 (1%) 0.143

5 (0.3%) <0.001*

T = corrected sinus node recovery time; CVA = cerebrovascular accidents;

V = HV after ajmaline infusion- baseline HV; LVEF = left ventricular ejec-

c death; UCA = unexplained cardiac arrest; VA = ventricular arrhythmias.

www.ajconline.org


Figure 4. Overview of clinical indications for ajmaline challenge. (A) Clinical indication for ajmaline testing and EPS in overall population. (B) Clinical indi-

cation for ajmaline testing and EPS in probands. EPS = electrophysiological study; AF = atrial fibrillation without structural heart disease; SCD = sudden car-

diac death; VA = ventricular arrhythmias; CVA = cerebrovascular accidents; UCA = unexplained cardiac arrest.

Figure 5. Appropriate ICD shock in a high risk Brugada syndrome patient. Episode of appropriate ICD shock delivered during ventricular fibrillation in a

patient with positive ajmaline testing and previous syncope. ICD=Implantable cardioverter defibrillator.
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40 (21.5%) patients were treated with b-blockers, 8 (4.3%)
with amiodarone and 5 (2.7%) with quinidine.

Risk stratification score model15 applied to our popula-
tion showed 74 (39.8%) probands with score 0, 32 (17.2%)
with score 1, 52 (28%) score 2, 17 (9.1%) score 3, 8 (4.3%)
score 4, and 3 (1.6%) with score 5. Survival curves are
shown in Figure 6.

A comprehensive family screening was achieved in 124
patients (66.7%; mean of 4.7 § 3.7 per proband) for a total
of 602 FM screened. Among them at least in positive FM
was identified in 89 cases (71.8%) with 240 new positive
BrS family members diagnosed.
Discussion

The main finding of the present study is the high burden
of the BrS diagnosis after a drug challenge test (10.9%) in a
selected population of consecutive patients who underwent



Figure 6. Cumulative major adverse cardiac event survival curves. (A) Cumulative major adverse cardiac event survival in the overall population. (B) Cumu-

lative major adverse cardiac event survival with Sieira J. et al15 risk stratification score that includes ECG pattern, early familial sudden cardiac death antece-

dents, inducible electrophysiological study, presentation as syncope or as aborted sudden cardiac death, sinus node dysfuncion and has a predictive

performance of 0.82. A score greater than 2 confers a 5-year event probability of 9.2%.
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EP examination. Of note, only a minority of patients
(12.4%) presented with baseline ECG suspicious for Bru-
gada syndrome. Such a high positive test rate is striking,
given the fact that BrS is classically considered to be a rare
disease.2,16−20

The true burden of BrS is still nowadays difficult to
establish due to the unknown real prevalence in general
population and the dynamic variability of the ECG pattern
in affected patients.2,4 Nonetheless, the prevalence of BrS
is believed to range from 1 in 5,000 to 1 in 2,000 and the
incidence of BrS pattern type 1 on ECG has ranged from
0.12% to 0.8% in several studies.16−20 BrS has been consid-
ered responsible for 4% to 12% of all SCD, up to 20% in
patients with structurally normal heart and it is 8 to 10 times
more prevalent in men than women.21 ECG in BrS charac-
teristically shows considerable dynamic variability as it is
known to be augmented by vagal tone,22 whereas exercise
and catecholamine infusion tend to reduce ECG manifesta-
tion.23 According to the most recent guidelines,2 BrS diag-
nosis can be established on the basis of a specific ECG
pattern solely. Some concerns exist that this could result in
overdiagnosis of the syndrome, particularly in patients dis-
playing a type 1 ECG pattern only after SCBC, in absence
of a clinical and/or familial suggestive history.24 The latter
aspect still represents a matter of debate in the scientific
community16 as it has been questioned the real specificity
of SCBC. Induction of a type 1 ECG pattern was also
observed in other conditions, such as 27% of patients with
AVNRT,25 18% of patients with myotonic dystrophy,19,26

and 16% with arrhythmogenic right ventricular cardiomy-
opathy.27,28 The high burden of drug-induced BrS found in
the present study could be related to the selected population
enrolled, mainly symptomatic for tachyarrhythmias,
syncope/presyncope or UCA. However, we do not believe
that the high diagnostic yield of the ajmaline test in the con-
text of our study is due to a lack of specificity or other rea-
sons that could lead to an overdiagnosis of BrS. The BrS
population identified is comparable to currently described
BrS patient cohorts,9 in particular regarding the familial
clustering (71.8% of probands with 1 or more positive FM),
the burden of positive genetic testing (27%) and the inci-
dence of VA (14.2% of patients receiving appropriate
ICD shock in ICD recipients and 6.5% in the overall
population).9

Moreover, despite BrS diagnosis remains a matter of
debate and ICD placement is indicated only in selected
high-risk patients,2,11−29 a positive SCBC can surely be cru-
cial in further clinical management. In particular avoiding
administration of potentially pro-arrhythmic drugs (class I
antiarrhythmic drugs frequently used in patients with palpi-
tations, alpha adrenergic blockers, Ca2+ channel blockers,
etc.), aggressive treatment of all febrile episodes and avoid-
ing hypokalemia, large carbohydrate meals or very hot
baths. Therefore, one of the major consequences of this
study, is that ajmaline testing could lead to an adequate
counseling and management in BrS patients and their
families.

SCBC is routinely used as part of an EPS performed in a
bradycardia diagnosis workup.30 In our study, the most fre-
quent indication for ajmaline testing was syncope (42.1%)
with a prevalence of syncope in probands of 38.2%
(Figure 4). Nevertheless, the indication for the test was
non-bradycardia related symptoms in a significant propor-
tion of our population: symptomatic palpitations (14.5% in
probands) and AF (9.5%). The frequent correlation between
atrial fibrillation or CVA and BrS was furthermore

www.ajconline.org
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confirmed from our data.31,32 Given the important dynamic
variability of BrS pattern the use of SCBC as a routine tool
in EPS protocol could be important.

SCBC has prognostic value in patients with BrS. Avail-
able literature points out that asymptomatic patients with
drug-induced BrS are at a lower risk for arrhythmic
events.9,12 We present one of the biggest cumulative per-
son-year populations of drug-induced BrS reported up to
date. Our study supports a more benign course of drug-
induced BrS, particularly amongst asymptomatic patients,
with a low risk score; however the rate of arrhythmic events
at FU is not negligible.

ICD placement is the most accepted therapy for prevent-
ing SCD in high-risk BrS patients2 but long-term complica-
tions of ICD can significantly increase health burden and
decrease quality of life, particularly in young patients.33

Current guidelines recommend ICD placement in patients
with aborted SCD (class Ia), syncope (class IIa), and ven-
tricular arrhythmia inducibility during programmed stimu-
lation study (class IIb).2 In our study, ICD was implanted in
84 probands (45.2%) with a mean risk score15 of 2.1 § 1.3,
significantly higher compared with non-ICD recipients (0.5
§ 0.8; p <0.001) and 12 (14.3%) appropriate shocks were
delivered from the device. ICD related complications were
observed in 13 patients including 8 lead fractures and 5
inappropriate shocks. As displayed in the survival curves
(Figure 6) probands with a low risk score (0 or 1 points)
had lower major adverse cardiac event rate compared with
the others with a higher risk score (4 or 5 points). Even
though in the present study a risk score model was applied
retrospectively these results highlight the importance of a
clinical score for risk stratification of the patients even in
drug induced BrS pattern.

Although the study included all consecutive ajmaline
tests performed for palpitations, presyncope, syncope,
tachyarrhythmias, ECG pattern suggestive for BrS, UCA/
SCD in a real-life setting, it suffers from some limitations.
Only ajmaline was used in this study. Applicability of
results to less potent sodium channel blockers used to diag-
nose BrS is uncertain. Prolonged ECG were not performed
routinely during follow-up, therefore transient type I ECG
pattern might be underestimated.

In conclusion, the BrS is diagnosed in an unexpected
high proportion of patients that undergo SCBC for a variety
of cardiovascular symptoms. SCBC can be crucial in the
clinical management and counseling of these patients and
their families. Given the important dynamic variability of
BrS pattern the use of SCBC as a routine tool in EPS proto-
col could be useful. Large outcome studies are needed to
assess the clinical gain of ajmaline testing in evaluation of
patients who underwent electrophysiological evaluation.
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