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Abstract

Background: The coexistence of clinical atrioventricular nodal reentrant tachycardia
(AVNRT) and drug-induced type 1 Brugada pattern (DI-Type 1 BrP) has been previ-
ously reported. The present study was designed to determine the 12-lead ECG char-
acteristics at baseline and during AVNRT and to identify a subset of 12-lead ECG
variables of benefit associated with underlying Brugada syndrome (BrS)/DI-Type 1
BrP among patients with slow/fast AVNRT.

Methods: A total of 40 (11 numerical/29 categorical) 12-lead ECG parameters were
analyzed and compared between patients with (n =69) and without (n =104) BrS/DI-
Typel-BrP matched for age, female gender, body mass index, left ventricular ejection
fraction and comorbid conditions. Five distinct types of ECG pattern (Type A/B/C/
D/E) in V1-V2 leads during AVNRT were defined.

Results: A total of nine electrocardiographic variables, four at baseline, and five dur-
ing AVNRT were identified. At baseline, patients with BrS/DI-Type 1 BrP had higher
prevalence of interatrial block, leftward shift of frontal plane QRS axis, the absence
of normal QRS pattern (the presence of rSr’ pattern or type 2/3 Brugada pattern) in
V1-V2 and QRS fragmentation in inferior leads compared to patients without BrS/DI-
Type 1 BrP. During AVNRT, patients with BrS/DI-Type 1 BrP had higher prevalence of
Type A ECG pattern (“coved-type” ST-segment elevation) in V1-V2, Type C ECG pat-
tern (pseudo-r’ deflection in V, and “RBBB-like” pattern in V,), pseudo-r’ deflection in
V,, QRS fragmentation in inferior leads and “isolated” QRS fragmentation/notching/
slurring in aVL compared to patients without BrS/DI-Type 1 BrP.

Conclusions: We identify several electrocardiographic variables that point to an un-

derlying type 1 BrP among patients with slow/fast AVNRT.
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1 | INTRODUCTION

Brugada syndrome (BrS) is an inherited cardiac arrhythmia syn-
drome characterized by a distinct ST-segment elevation in the right
precordial leads in the absence of structural heart disease.! Type
1 (“coved type”) ST-segment elevation is considered diagnostic of
BrS. It can be present either spontaneously or induced by fever or
by sodium channel blockers.! BrS and drug-induced type 1 Brugada
ECG pattern (DI-Type 1 BrP) has been shown to be associated with
atrial arrhythmias, atrial fibrillation, atrioventricular nodal reentrant
tachycardia (AVNRT), and atrioventricular accessory pathways in
particular.2™*

AVNRT is the most common form of paroxysmal supraventric-
ular tachycardia. The coexistence of clinical AVNRT and DI-Type 1
BrP has been previously reported.® The identification of coexisting
BrS/DI-Type 1 BrP among patients with AVNRT has electrophysi-
ologic implications from a mechanistic point of view and clinical
relevance that will allow physicians to treat their patients more
effectively without exposing them to concealed drug cardiotoxici-
ties.! The present study was designed to determine the 12-lead ECG
characteristics at baseline and during AVNRT and to identify ECG
parameters and other variables that may be helpful in identifying
the presence of concealed BrS/DI-Type 1 BrP among patients with
slow/fast AVNRT.

2 | METHODS
2.1 | Study population

Three hundred thirty-six consecutive, unrelated patients undergo-
ing electrophysiologic study and catheter ablation for symptomatic,
drug-resistant AVNRT were retrospectively included in a case-
control observational study between July 2011 and November
2019. All patients underwent ajmaline challenge test (ACT). A type
1 BrP ECG was uncovered in 84 of 336 (25%) patients. One hundred
sixty-three patients (with BrS/DI-Type 1 BrP [n = 15] and without
BrS/DI-Type 1 BrP [n = 148]) were excluded owing to the following
reasons: the presence of structural heart disease (n = 101) including
coronary artery disease (270% stenosis of any major epicardial ves-
sel), hypertensive heart disease, rheumatic heart disease, congenital
heart disease, primary cardiomyopathies, and premature ventricular
contraction (PVC)-induced cardiomyopathy, the presence of func-
tional/fixed bundle branch block (n = 24), slow/slow (n = 11), fast/
slow (n = 1), and left variant AVNRT (n = 1), current use of medica-
tions known to affect cardiac depolarization and/or repolarization
(n = 4), severe COPD (n = 4), subclinical hypothyroidism (n = 1), and
lack of clinical AVNRT ECGs (n = 16). The remaining 173 patients

(125 women/48 men; mean age 43+14.2years; range 18 to 69)
with slow/fast AVNRT and without overt structural heart disease
formed the patient population. All patients were in normal sinus
rhythm. Twelve-lead ECG characteristics at baseline (resting in the
supine position) and during AVNRT were analyzed. All study sub-
jects were of Turkish (Anatolian Caucasian) descent. Study protocol
was approved by the Ethics Committee of Ege University School of
Medicine. All patients agreed to participate in the study and gave

written informed consent.

2.2 | Definition of Brugada syndrome and
Drug-Induced type 1 Brugada ECG pattern

BrS was defined according to the J-Wave syndromes expert consen-
sus conference report.1 Diagnosis of probable and/or definite BrS,
possible BrS, or a nondiagnostic score were assigned scores of 23.5,
2 to 3, and <2 points, respectively.! Type 1 BrP in at least one right
precordial lead during ACT with an assigned score of zero was de-
fined as DI-Type 1 BrP.

2.3 | Definition of electrocardiographic
characteristics

All subjects had a baseline 12-lead ECG with leads in the stand-
ard lead position. Twelve-lead ECG recordings were performed
by a standard electrocardiograph (ECG-9132K, Nihon Kohden
Corporation) with standard settings (paper speed of 25mm/s and
a gain setting of 10mm/mV) and summary report (showing median
P-QRS-T complexes for each lead) in all subjects. Standard filter set-
tings of 75, 100, and 150Hz were used. We evaluated the digital
ECGs at 400% size on a PC monitor and measured each parameter
as well as fragmentation of the QRS complex. A total of 40 12-lead
ECG parameters (numerical, n = 11) and other variables (categori-
cal, n = 29) were analyzed in the study. P-wave indices including P-
wave duration, P-wave axis, the presence of interatrial block (partial
or advanced), and the presence of abnormal (20.04mm/s) P-wave
terminal force in lead V,; were measured and defined according to
previously described criteria.>”’ PQ and QTc intervals and QRS du-
ration were measured manually in lead Il at baseline. Baseline heart
rate, P-wave, QRS, and T-wave axis were automatically analyzed.
Type 1/2/3 Brugada patterns, rSr’ pattern (QRS duration <110ms)
in V1-V2, early repolarization patterns, QRS fragmentation, and
mean frontal plane QRS axis were defined according to previously
described criteria. 1813

Every patient had 12-lead ECG during their index clinical arrhyth-
mia. Twelve-lead ECGs were analyzed for the rate of spontaneous
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AVNRT, the presence of pseudo-r’ deflection in lead V,, pseudo-S
wave in inferior leads, P-in-QRS pattern (the absence of pseudo-r’
deflection in lead V, and pseudo-S wave in inferior leads), QRS frag-
mentation, QRS alternans (23s in duration), the presence of any
ST-segment elevation (measured 80ms after the J-point) in leads
V1-V2, highest ST-segment elevation amplitude in leads V1-V2 and
the presence and location of horizontal/downsloping ST-segment
depression (20.1 mV persisting 80ms after the J-point) in at least
two consecutive leads. The presence of “isolated” QRS fragmen-
tation and notching or slurring in lead aVL was analyzed similar to
previously described single lead prognostic ECG findings among pa-
tients with Brs.241°

Five distinct types of ECG pattern in V1-V2 leads during AVNRT
based on ST-segment elevation pattern, QRS morphology, and the
presence of pseudo-r’ deflection were defined (Figure 1): Type A
is characterized by “coved-type” ST-segment elevation (0.1 to
<0.2 mV) in V, and/or V, lead. Type B is characterized by “saddle-
back type” ST-segment elevation (20.05 to <0.2 mV) in V, and/or
V, lead. Type C is characterized by the presence of pseudo-r’ de-
flection in V, with no or minimal (<0.05mV) ST-segment elevation
and “right bundle branch block (RBBB)-like” pattern in V,. Type D

is characterized by pseudo-r’ deflection in V, without ST-segment
elevation. Type E is characterized by P-in-QRS patternin V, and V,

without ST-segment elevation.

2.4 | Acquisition of Data

The presence of additional spontaneous and/or inducible AVNRT
with 2:1 response, atrial (focal atrial tachycardia, atrial fibrillation
and frequent [>10/hour] premature atrial contractions) and ventric-
ular arrhythmias (frequent [>10/hour], monomorphic PVCs and/or
ventricular tachycardia [VT]) was obtained in all patients.

All study subjects underwent transthoracic echocardiography
for the evaluation of valves, right and left ventricular size and func-
tion. All patients underwent electrophysiologic study and catheter
ablation. None of the patients underwent programmed ventricular
stimulation for inducible ventricular arrhythmia. The diagnosis of
AVNRT was made based on previously described criteria.*®

ACT (Gilurytmal®, CARINOPHARM GmbH) was performed
according to the J-Wave syndromes expert consensus conference

report.1
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FIGURE 1 Types of electrocardiographic patterns in V1-V2 leads during atrioventricular nodal reentrant tachycardia. Three
representative examples (a/b/c) are presented for each type. Arrows and circles indicate the site of interest. All electrocardiograms were
recorded at a paper speed of 25mm/s and a gain setting of 10mm/mV
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2.5 | Statistical analysis

Normally distributed variables were presented as mean+standard
deviation and compared using Student's t-test. Non-normally dis-
tributed variables were presented as median and compared using
Mann-Whitney U test. Categorical variables were compared using
Pearson's chi-squared and Fisher's exact test. A value of p <0.05

(two-sided) was considered statistically significant.

3 | RESULTS

3.1 | Demographic and clinical characteristics
There were 69 patients with BrS/DI-Type 1 BrP (probable and/or
definite BrS [n = 1], possible BrS [n = 10], nondiagnostic BrS [n = 4]
and DI-Type 1 BrP [n = 54]) and 104 patients without BrS/DI-Type 1
BrP in the patient population. Patients with BrS/DI-Type 1 BrP were
matched to patients without BrS/DI-Type 1 BrP in terms of mean
age, female gender, mean body mass index, the presence of diabetes
mellitus, systemic hypertension, and mean left ventricular ejection
fraction (Table 1). Patients with BrS/DI-Type 1 BrP presented with a
higher prevalence of chest pain compared to patients without BrS/
DI-Type 1 BrP (33.3% vs. 15.4%, p = 0.006, respectively).

Seven (10.1%) patients developed monomorphic PVCs only
(n = 5) and monomorphic PVCs and nonsustained VT (n = 2) during
ACT among patients with BrS/DI-Type 1 BrP. None of the patients

without BrS/DI-Type 1 BrP developed any type of ventricular ar-
rhythmia during ACT.

One patient (54-year-old male) with possible BrS with a Shanghai
score of 3 presented with one episode of unexplained syncope along
with episodes of reflex syncope. He underwent single chamber de-
fibrillator implantation. He received one appropriate shock for sus-
tained monomorphic VT associated with presyncope within 2years
of implantation. The remaining 10 patients with probable and/or
definite or possible BrS were followed closely without any diagnos-
tic and/or therapeutic interventions. None of the patients had his-
tory of cardiac arrest.

3.2 | Electrocardiographic characteristics at
baseline and during AVNRT

Electrocardiographic characteristics at baseline and during AVNRT
in patients with and without BrS/DI-Type 1 BrP are presented in
Table 2.

Mean frontal plane QRS axis at baseline as a numerical variable
arbitrarily divided into three groups as <0°, O to 61° and >61° was
observed in 31.9% versus 13.5%, 60.9% versus 65.4% and 7.2% ver-
sus 21.2% (p = 0.002) of patients with and without BrS/DI-Type 1
BrP, respectively.

The presence of ST-segment elevation in V, and/or V, leads during
AVNRT in the entire study population was correlated with the pres-

ence of abnormal P-wave terminal force in lead V, (p = 0.021), shorter

TABLE 1 Comparison of demographic

Patients with BrS/ Patients without BrS/ L . . .
DI-Type 1 BrP DI-Type 1 BrP and cll.nlcal characteristics of patients with
and without Brugada syndrome/drug-
Variable (n=69) (n = 104) p-value induced Type 1 Brugada ECG pattern
Age (years) 43.2 +13.1 43.1+14.9 0.975
Age of onset of AVNRT (years) 29.6 +13.4 31.5+15.3 0.418
Female gender 51(73.9) 74 (71.2) 0.691
Presenting symptoms
Palpitations 68 (98.6) 104 (100) 0.399
Chest pain 23(33.3) 16 (15.4) 0.006
Syncope 18 (26.1) 21(20.2) 0.364
Reflex syncope 13 (18.8) 14 (13.5) 0.340
AVNRT-related syncope 5(7.2) 7(6.7) 0.896
Unexplained syncope 1(1.45) 0 1.000
Presence of systemic 16 (23.2) 32(30.8) 0.276
hypertension
Presence of diabetes mellitus 9 (13) 18 (17.3) 0.449
Body mass index (kg/mz) 272 +5.5 269 +6.8 0.747
Left ventricular ejection fraction 64.7 £4.5 63.9 £3.9 0.286

(%)

Note: Data are given as mean +SD, number of patients and percentages. p <0.05 considered to be

significant.

Abbreviations: AVNRT, atrioventricular nodal reentrant tachycardia; BrS, Brugada syndrome; DI-

Type 1 BrP, drug-induced Type 1 Brugada ECG pattern.
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TABLE 2 Comparison of electrocardiographic characteristics of patients with and without Brugada syndrome/drug-induced Type 1

Brugada ECG pattern at baseline and during atrioventricular nodal reentrant tachycardia
Patients with BrS/DI-type 1 BrP Patients without BrS/DI-type 1 BrP

Variable (n = 69) (n = 104) p-value

12-lead ECG characteristics at baseline

Heart rate (bpm) 76.7 +13.6 75.2+13.6 0.487
P-wave indices
P-wave duration (ms) 106.9 +15.3 104.2 +12.8 0.207
P-wave axis (°)? 41 (9 to 90) 45,5 (-53 to 81) 0.655
Interatrial block 21(30.4) 18 (17.3) 0.043
Abnormal P-wave terminal force in V, 19 (27.5) 18 (17.3) 0.108
PQ interval (ms) 151.1+22.2 1447 +19.4 0.053
QTc interval (ms) 422.4 +23 420.9 +23.2 0.671
QRS duration (ms) 91.2 +9.6 86.3 +8.7 0.001
Frontal plane QRS axis (°)* 21 (-69 to 88) 36.5(-38 to 95) 0.001
Left axis deviation 6(8.7) 1(1.0) 0.017
Left anterior fascicular block 4(5.8) 0 0.024
Left posterior fascicular block 0 1(1.0) 1.000
Low QRS voltage 5(7.2) 12 (11.5) 0.353
T-wave Axis (°)? 34 (-21 to 90) 34 (-30 to 90) 0.231
Normal QRS pattern in V1—V2/4th cs 53(76.8) 102 (98.1) <0.0001
rSr’ pattern in V1-V, " 11 (15.9) 1(1.0) 0.005
Type 2/3 Brugada pattern in V1—V2/4th 1cs 5(7.2) 1(1.0) 0.038
QRS fragmentation in inferior leads 55(79.7) 62 (59.6) 0.006
QRS fragmentation in lateral leads 13 (18.8) 18 (17.3) 0.797
QRS fragmentation in V,_¢ 22(31.9) 30(28.8) 0.670
Isolated QRS fragmentation in aVL 34 (49.3) 55(52.9) 0.642
Early repolarization pattern in inferior leads 6(8.7) 32(30.8) 0.001
Early repolarization pattern in lateral leads 22 (31.9) 34 (32.7) 0.911
Isolated QRS notching/slurring in aVL 32 (46.4) 39 (37.5) 0.245
12-lead ECG characteristics during AVNRT
Spontaneous AVNRT rate (cycle length/ms) 345+ 36 337+49 0.228
Pseudo-r’ deflection in V, 65 (94.2) 76 (73.1) 0.001
Pseudo-S wave in inferior leads 50(72.5) 63 (60.6) 0.108
P-in-QRS pattern in V, and inferior leads 2(2.9) 21(20.2) 0.001
QRS Alternans 27 (39.1) 27 (26.0) 0.067
QRS fragmentation in inferior leads 31 (44.9) 25(24.0) 0.004
QRS fragmentation in lateral leads 1(1.4) 3(2.9) 0.538
QRS fragmentation in V, . 3(4.3) 0 0.032
Isolated QRS fragmentation in aVL 23(33.3) 19 (18.3) 0.024
Isolated QRS notching/slurring in avVL 52 (75.4) 62 (59.6) 0.032
ST-segment depression in inferolateral leads 32 (46.4) 49 (47.1) 0.924
ST-segment Elevation in V1-V2 33 (47.8) 41 (39.4) 0.274
Highest ST-segment elevation amplitude in 0.094 (0.024 to 0.169) 0.075 (0.024 to 0.172) 0.479
V1-V2 (mV)?
Type of ECG patternin V1-V2
Type A 8(11.6) 1(1.0) 0.002
Type B 9(13.0) 24 (23.1) 0.100

(Continues)
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TABLE 2 (Continued)

Patients with BrS/DI-type 1 BrP

Variable (n=69)
Type C 14 (20.3)
Type D 35(50.7)
Type E 3(4.3)

Coexisting arrhythmias

Spontaneous/inducible AVNRT with 2:1 4 (5.8)

response

Spontaneous atrial arrhythmias (focal AT/AF/ 1(1.4)
PACs)

Spontaneous ventricular arrhythmias (PVC 7 (10.1)

and/or VT)

Patients without BrS/DI-type 1 BrP

(n = 104) p-value
5(4.8) 0.001
47 (45.2) 0.475
27 (26.0) 0.001
4(3.8) 0.550
6(5.8) 0.158
8(7.7) 0.575

Note: Data are given as mean+SD, number of patients and percentages. ?Data are given as median and range. p <0.05 considered to be significant.

Abbreviations: AF, atrial fibrillation; AT, atrial tachycardia; AVNRT, atrioventricular nodal reentrant tachycardia; PAC, premature atrial contraction;

PVC, premature ventricular contraction; VT, ventricular tachycardia.

tachycardia cycle length (330.6 +38.5vs. 347.7 +47.5 ms, p = 0.012),
the presence of pseudo-r’ deflection in lead V, (p <0.0001), and ST-
segment depression in inferolateral leads (p <0.0001) among all the
demographic and electrocardiographic characteristics.

At baseline, patients with BrS/DI-Type 1 BrP had higher prev-
alence of interatrial block, leftward shift of frontal plane QRS axis,
the absence of normal QRS pattern (the presence of rSr’ pattern or
type 2/3 Brugada pattern) in V1-V2 and QRS fragmentation in infe-
rior leads compared to patients without BrS/DI-Type 1 BrP (Table 2).
During AVNRT, patients with BrS/DI-Type 1 BrP had higher preva-
lence of Type A ECG pattern (“coved-type” ST-segment elevation) in
V1-V2, Type C ECG pattern (pseudo-r’ deflection in V, and “RBBB-
like” pattern in V2), pseudo-r’ deflection in V,, QRS fragmentation in
inferior leads and “isolated” QRS fragmentation/notching/slurring in
aVL compared to patients without BrS/DI-Type 1 BrP (Table 2).

Representative examples of the above-mentioned electrocardio-
graphic characteristics in patients with DI-Type 1 BrP are illustrated
in Figure 2.

4 | DISCUSSION

Clinical, spontaneous AVNRT frequently coexists with DI-Type 1
BrP.2 The identification of coexisting BrS/DI-Type 1 BrP among pa-
tients with AVNRT has important epidemiologic, electrophysiologic
and clinical implications.! In this study, we identified nine electro-
cardiographic parameters and other variables at baseline and during
slow/fast AVNRT that point to an underlying type 1 BrP.

4.1 | Electrocardiographic variables associated
with underlying BrS/DI-Type 1 BrP

The world-wide prevalence of a Brugada ECG pattern (type 1, 2, and
3) in the general population is estimated to be 0.5 to 1.6 per 1000.!

An rSr’ pattern in the right precordial leads is a relatively common
electrocardiographic finding.? The prevalence of incomplete RBBB
(QRS duration between 110 and 120ms) in general population is
3.5%.1 The prevalence of rSr’ pattern in V1-V2 with a normal QRS
duration (<110ms) in adult population is currently unknown. In our
study population, the prevalence of rSr’ pattern in V1-V2 with a nor-
mal QRS duration and type 2/3 BrP in V1-V2 at baseline were more
common in patients with BrS/DI-Type 1 BrP compared to patients
without BrS/DI-Type 1 BrP. The absence of normal QRS pattern (ei-
ther the presence of rSr’ pattern or type 2/3 Brugada pattern) in V1-
V2 at baseline was a strong electrocardiographic variable associated
with underlying BrS/DI-Type 1 BrP.

Interatrial block is a distinct electrocardiographic pattern
describing the conduction delay between the right and left atria
through Bachmann's bundle.'® Histologic studies have identified
atrial fibrosis as the pathological substrate of interatrial block.'®
Advanced age, systemic hypertension, coronary artery disease,
obstructive sleep apnea, cardiac amyloid and catheter ablation
along with genetic susceptibility are known risk factors for inter-
atrial blocks.*® Underlying BrS/DI-Type 1 BrP may be an additional
contributing factor for interatrial block and generation of reen-
trant circuits in AVNRT.

Left axis deviation is a common finding in patients with BrS with
a prevalence of 9.5%.2 It is believed to be caused by conduction
slowing in the more proximal conduction system rather than con-
duction slowing in the right ventricular outflow tract.?° In our study
population, the prevalence of left axis deviation was more common
in patients with BrS/DI-Type 1 BrP (n = 6, [BrS = 1] and [DI-Type 1
BrP = 5]) compared to patients without BrS/DI-Type 1 BrP (n = 1).
Leftward shift of baseline frontal plane QRS axis was a strong elec-
trocardiographic parameter associated with underlying BrS/DI-Type
1 BrP.

QRS fragmentation in inferior leads has been reported among
patients with BrS with a prevalence of 29.6%.2 It most likely re-
flects global involvement of the heart outside of the right ventricular
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FIGURE 2 Twelve-lead electrocardiograms at baseline (A1/B1) and during atrioventricular nodal reentrant tachycardia (AVNRT) (A2/B2)
in two patients with underlying drug-induced type 1 Brugada pattern. Al- patient was a 30-year-old female with a body mass index of 21.3
who presented with a 1-year history of paroxysmal supraventricular tachycardia. She had structurally normal heart with a left ventricular
ejection fraction of 65%. She had type 3 Brugada pattern in V, (asterisk), QRS fragmentation in lead aVL (arrowhead) and inferior leads
(arrows) and frontal plane QRS axis of 34°at baseline. Electrophysiologic study revealed slow/fast AVNRT. A2- she had Type C pattern in V1-
V2 (arrowheads), QRS fragmentation in aVL (arrows) and QRS alternans in all precordial leads during AVNRT. B1- patient was a 59-year-old
male with a body mass index of 29.4 who presented with a 15-year history of paroxysmal supraventricular tachycardia. He had structurally
normal heart with a left ventricular ejection fraction of 68%. He had type 2 Brugada pattern in V, (asterisk), QRS notching/slurring in

lead aVL (arrowhead), QRS fragmentation in inferior leads (arrows), advanced interatrial block with a P-wave duration of 145ms (circles)
and frontal plane QRS axis of —45°at baseline. Electrophysiologic study revealed slow/fast AVNRT. B2- he had Type B pattern in V1-V2
(arrowheads), QRS notching/slurring in aVL (circle), and QRS fragmentation in inferior leads (arrows) during AVNRT

outflow tract in patients with BrS. Higher prevalence of QRS frag-
mentation among patients with BrS/DI-Type 1 BrP in our study can
be because of different definitions, different clinical characteris-
tics of cohorts (BrS vs. DI-Type 1 BrP) and dynamic nature of QRS
fragmentation.

Dynamic nature of J-point and ST-segment elevations at base-
line, during exercise test and recovery phase have been studied in
patients with BrS and compared with control subjects.???3 At base-
line, the peak J-point amplitude in V1-V2 was higher in patients with
BrS than in control subjects. The peak J-point amplitude increased
during exercise test in patients with BrS and control subjects but
resulted in a coved-type pattern only in patients with BrS. During
recovery, the peak J-point amplitude in V1-V2 increased further in

patients with BrS but returned to baseline levels in control subjects.
In accordance with these studies, a coved-type pattern (Type A ECG
pattern in our study) in V1-V2 during AVNRT was more common in
patients with BrS/DI-Type 1 BrP compared to patients without BrS/
DI-Type 1 BrP and found to be one of the electrocardiographic find-
ings associated with underlying BrS/DI-Type 1 BrP. We did not find
any difference in the frequency and degree of ST-segment elevation
in V1-V2 during AVNRT between patients with and without BrS/DI-
Type 1 BrP. This lack of difference may be because of higher number
of patients with Type B ECG pattern (associated with ST-segment
elevation in V1-V2) in patients without BrS/DI-Type 1 BrP and con-
tributing role of potential variables other than faster heart rate for
ST-segment elevation in V1-V2 during AVNRT such as the presence
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of abnormal P-wave terminal force in lead V,, shorter tachycardia
cycle length, the presence of pseudo-r' deflection in lead V,, and
reciprocal ST-segment depression in inferolateral leads. Faster heart
rate has been proposed to produce a potentially arrhythmogenic de-
crease in the sodium current (I, ) resulting in ST-segment elevation
in V1-V2 by oxidant stress, as may occur with fever and ischemia.?*

Type C ECG pattern during AVNRT can be because of the pres-
ence of rSr’ pattern during sinus rhythm, higher placement of elec-
trodes in V1-V2, tachycardia-induced functional right bundle branch
block, J-point elevation, and retrograde P waves distorting the QRS
complex. An rSr’ pattern in V1-V2 during sinus rhythm was present
in 15.9% and 1.0% of patients with and without BrS/DI-Type 1 BrP,
respectively, in our study.

Pseudo-r’ deflection inlead V, during supraventricular tachycardia
is a specific finding for slow/fast type AVNRT, present in 40% to 60%
of pa\tients.25 We have previously reported that patients with DI-Type
1 BrP have higher (92.3% vs. 72.3%) prevalence of pseudo-r’ deflection
inlead V, during AVNRT compared to patients without DI-Type 1 BrP.2

This finding was explained by longer V-A time interval

right atrial appendage
during electrophysiologic study in patients with DI-Type 1 BrP com-
pared to patients without DI-Type 1 Brp.3 Analysis of the atrial activa-
tion sequence during AVNRT in humans revealed that the pseudo-r’
deflection in lead V, is determined by activation of the superolateral
aspect of the right atrium.?® As a result of this finding, we hypothesize
that higher prevalence of pseudo-r’ deflection in patients DI-Type 1
BrP may result from the amplified delay in activation of the superolat-
eral aspect of the right atrium.

Several “isolated” QRS complex abnormalities such as a wide
and/or large S-wave in lead | or a prominent R-wave in lead aVR have
been described as a prognostic risk factor in patients with BrS.*4%>
These ECG characteristics most likely reflect a conduction delay
and/or repolarization abnormalities in the right ventricular outflow
tract. “Isolated” QRS fragmentation in lead aVL at baseline was a
common finding in our study population. We observed a higher prev-
alence of “isolated” QRS fragmentation in lead aVL during AVNRT in
patients with BrS/DI-Type 1 BrP compared to patients without BrS/
DI-Type 1 BrP. All patients with “isolated” QRS fragmentation in lead
aVL during AVNRT had QRS fragmentation in lead aVL at baseline.

4.2 | Clinical relevance of DI-Type 1 BrP

The coexistence of clinical, spontaneous AVNRT and DI-Type 1 BrP
is of potential clinical relevance for the appropriate management
of those patients in terms of cautious use of certain antiarrhyth-
mic agents known to exacerbate the Brugada phenotype (Class IC
sodium channel blockers, propranolol, and calcium-channel block-
ers), avoidance of Brugada pattern-inducing noncardiac drugs such
as certain selective serotonin reuptake inhibitors and antiepileptic
agents, consideration of standard preventative measures such as use
of antipyretics during fever, avoidance of unjustified defibrillator im-

plantations, and long-term follow-up of these patients.l’3

It has been recently reported that patients with DI-Type 1 BrP
have a very low arrhythmic (appropriate defibrillator therapy and
sudden cardiac death) risk with an annual incidence of 0.38%.%’
Programmed ventricular stimulation does not help to stratify high-
risk patients.?” Close follow-up without any diagnostic and/or ther-
apeutic interventions is currently recommended in asymptomatic

patients with DI-Type 1 BrP.%?”

4.3 | Study limitations

Twelve-lead ECGs immediately after termination of AVNRT were
not available to determine the dynamic behavior of J-point and ST-
segment elevations in V1-V2. The determination of the polarity of
P-waves in V, during AVNRT is challenging. Therefore, the role of
retrograde P-waves in the generation of ST-segment elevation dur-
ing AVNRT is not conclusive. Number of patients with probable and/
or definite BrS was limited.

5 | CONCLUSIONS

Certain electrocardiographic variables such as interatrial block,
leftward shift of frontal plane QRS axis, the absence of normal QRS
pattern (the presence of rSr’ pattern or type 2/3 Brugada pattern)
in V1-V2 and QRS fragmentation in inferior leads at baseline and
Type A and Type C ECG patterns, pseudo-r’ deflection in V,, QRS
fragmentation in inferior leads and “isolated” QRS fragmentation/
notching/slurring in aVL during AVNRT can help for identification of
coexisting BrS/DI-Type 1 BrP among patients with clinical, sponta-
neous AVNRT. Larger studies are necessary to validate and improve
the electrocardiogram-based detection of our findings particularly
with the application of advanced artificial intelligence methods in

routine clinical practice.
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