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Abstract
Background: Risk stratification in patients with asymptomatic Brugada Syndrome is 
challenging, and despite recent advances, there is no clear evidence. The first‐de‐
gree atrioventricular block was hypothesized to be a predictor of arrhythmic events. 
Measurement of the PR interval and diagnosing atrioventricular block from surface 
ECG is easy, noninvasive, and cost‐effective. We aimed to assess the latest evidence 
on PR interval or first‐degree atrioventricular block and major arrhythmic events re‐
lated to Brugada Syndrome.
Methods: We performed a comprehensive search in PubMed for “atrioventricular 
block” OR “PR interval” and “Brugada syndrome.” We included studies that have a 
component of PR interval and/or first‐degree atrioventricular block and major ar‐
rhythmic events related to Brugada Syndrome including syncope/VT/VF/appropriate 
ICD shocks/ICD implantation.
Results: We included 1526 subjects from 7 studies. Pooled mean difference of PR 
interval in 4 studies showed a significant difference [MD 10.77 ms (2.97‐18.57) 
P = 0.007, moderate‐high heterogeneity I2 = 53% P = 0.08]. On sensitivity analysis 
by removing a study, it became MD 6.50 ms [1.97‐11.03], P = 0.005, heterogeneity 
I2 = 0% P = 0.52. Indicating that PR interval was prolonged by small margin. Pooled 
analysis of the association between a first‐degree atrioventricular block and major 
arrhythmic events was significant [OR 3.33 (2.02‐5.50) P < 0.001, low heterogeneity 
I2 = 0% P = 0.57].
Conclusion: First‐degree AV block is associated with more frequent major arrhythmic 
events in Brugada syndrome patients. PR interval seemed to be prolonged but is yet 
to be determined whether the PR interval association is still significant if it did not 
cross the first‐degree AVB threshold.
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1  | INTRODUC TION

Brugada syndrome is an autosomal dominant genetic disorder 
with a variable expression which is characterized by abnormal 
findings on the electrocardiograms. This finding typically consists 
of a pseudo right bundle branch block and ST elevation on lead V1 
to V2. These alterations in electrocardiogram (ECG) findings are 
linked to SCN5A sodium channel mutation in the right ventricle 
outflow tract.1,2

Currently, risk stratification Brugada patients rely on the mor‐
phology type of Brugada syndrome in ECG (type 1 vs 2) and history 
of sudden cardiac death or syncopes, with arrhythmia related syn‐
cope being the most significant risk factor. Patients with a type 1 
ECG pattern and a history of syncope has a significantly higher risk 
of sudden cardiac death, implementation of Implantable cardiac de‐
fibrillator are warranted in this patients. However, these measures 
do not directly translate into a risk predictor for patients who are 
asymptomatic.3,4

First‐degree atrioventricular (AV) block was hypothesized to be 
a predictor of arrhythmic events. Measurement of the PR interval 
and diagnosing atrioventricular block from surface ECG is easy, non‐
invasive, and cost‐effective. This meta‐analysis aims to analyze the 
relation of PR prolongation and AV block to major arrhythmic events 
in asymptomatic patients with Brugada syndrome. The authors be‐
lieved this article would contribute positively to the advances of risk 
stratification in Brugada syndrome patients by providing a nonin‐
vasive, affordable, and widely available means of risk stratification.

2  | METHODS

2.1 | Search strategy

We performed a comprehensive search on studies that assess the 
association between prolonged PR interval and first‐atrioventricular 
degree block with major arrhythmic events in Brugada syndrome pa‐
tients from studies published until January 2019. We searched [“atri‐
oventricular block” OR “PR interval” and “Brugada syndrome”] and 
its synonyms using PubMed, EuropePMC, EBSCOhost, Cochrane 
Central Database, ClinicalTrials.gov, and snowballing from potential 
articles cited by other studies.

The association between prolonged PR interval and first‐atrio‐
ventricular degree block with major arrhythmic events in Brugada 
syndrome patients from studies published since inception up until 
January 2019. A broad strategy to maximize the initial scope of re‐
search with keyword [“atrioventricular block” OR “PR interval” and 
“Brugada syndrome”] and its synonyms using PubMed, EuropePMC, 
EBSCOhost, Cochrane Central Database, ClinicalTrials.gov, and 
snowballing from potential articles cited by other studies. The re‐
cords were then systematically evaluated using inclusion and ex‐
clusion criteria. Two researchers (H.D and V.C) independently 
performed an initial search, discrepancies were resolved by dis‐
cussion. A Preferred Reporting Items for Systematic Reviews and 
Meta‐Analyses flowchart of the literature search strategy of studies 

investigating the association between prolonged PR interval and 
first‐atrioventricular degree block with major arrhythmic events in 
Brugada syndrome was presented in Figure 1.

2.2 | Selection criteria

The inclusion criteria for this study were all studies that assess the 
association between prolonged PR interval and first‐atrioventricu‐
lar degree block with major arrhythmic events in Brugada syndrome 
patients. Major arrhythmic events were defined as syncope/VT/VF/
appropriate ICD shocks/ICD implantation. Studies with insufficient 
data to assess the outcome of interest were excluded. We include all 
clinical researches/original articles and exclude case reports, review 
articles, and non‐English articles.

2.3 | Data extraction

Data extraction and quality assessment were done by 2 independent 
authors (R.P and E.Y) using standardized extraction form which in‐
cludes authors, year of publication, study design, sample size, preva‐
lence of first‐atrioventricular degree block, major arrhythmic events, 
mean PR interval, and follow‐up period.

2.4 | Statistical analysis

To perform the meta‐analysis, we used RevMan version 5.3 software 
(Cochrane Collaboration). We used the odds ratio (OR) and a 95% 
CI as a pooled measure for dichotomous data. We used mean dif‐
ference (MD) and its standard deviation (DS) as a pooled measure 
for the continuous data. Inconsistency index (I2) test which ranges 
from 0% to 100% was used to assess heterogeneity across stud‐
ies. A value above 50% or P < 0.05 indicates statistically significant 
heterogeneity. We used the Mantel‐Haenszel method (for OR), and 
the Inverse Variance method (for MD) with a fixed‐effect model for 
meta‐analysis and a random‐effect model was used in case of het‐
erogeneity. All P values were 2‐tailed with a statistical significance 
set at 0.05 or below.

3  | RESULTS

The search for studies that assess PR interval and/or first‐degree 
AV block and major arrhythmic events related to Brugada syndrome 
including syncope/VT/VF/appropriate ICD shocks/ICD implan‐
tation yielded a total of potential 393 articles. We removed 308 
duplicates. We excluded 299 articles after screening the titles and 
abstracts. There were 9 potentially relevant articles. (Figure 1) We 
screened the full‐text articles, and after applying the inclusion cri‐
teria and exclusion criteria, 2 studies had insufficient data regard‐
ing the outcome of interest. We included 7 studies (6 cohorts and 
1 case‐control) for qualitative synthesis (Table 1), and 7 studies 
were available for meta‐analysis. We included 1526 subjects from 
7 studies.5‒11
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3.1 | PR interval and major arrhythmic events

Five studies reported the mean ± SD of PR interval in groups with and 
without major arrhythmic events. Corcia et al (2 studies) and Morita 
et al showed a longer PR interval in patients with major arrhythmic 
events.7,9,10 Juntilla et al, Ohkubo et al, and Corcia et al demonstrated 
that although the mean PR interval seemed to be higher, there was 
no significant difference in mean PR interval in Brugada syndrome 
patients with or without major arrhythmic events.8,11 On meta‐anal‐
ysis, the pooled mean difference of PR interval in 4 studies showed 
a significant difference [MD 10.77 ms (2.97‐18.57), P = 0.007, mod‐
erate‐high heterogeneity I2=53% P = 0.08]. (Figure 2A) Two re‐
maining studies did not contain sufficient data about the mean PR 
interval. Upon sensitivity analysis by removing 1 study at a time, we 
found that a removal of Corcia‐2 et al study resulted in MD 6.50 ms 
[1.97‐11.03], P = 0.005, heterogeneity I2 = 0% P = 0.52. (Figure 2B).

3.2 | First‐degree atrioventricular block and major 
arrhythmic events

Three studies reported the association between first‐degree AV and 
the major arrhythmic outcome. Corcia et al reported an odds ratio 
(OR) of 3.42 95% CI (1.53‐7.64); P = 0.003.10 Maury et al reported 

OR of 2.61 (1.16‐5.85); P = 0.02.5 Migliore et al demonstrated an OR 
of 5.24 (1.90‐14.44); P = 0.001. Morita et al study did not specify the 
type of AV block in his study, he reported that atrioventricular block 
was not associated with major arrhythmic outcome and is excluded 
from this section of meta‐analysis. Three remaining studies did not 
contain sufficient data about atrioventricular block.7

Pooled analysis of the association between first‐degree AV block 
and major arrhythmic events was significant [OR 3.33 (2.02‐5.50) 
P < 0.001, low heterogeneity I2 = 0% P = 0.57]. (Figure 3).

4  | DISCUSSION

Our study demonstrated that First‐degree AV block could be used 
to predict major arrhythmic events with OR of 3.33 (2.02‐5.50) and 
low heterogeneity from 3 studies with pooled 694 participants and 
111 of them have major arrhythmic events. Our analysis showed that 
PR interval is longer MD 10.77 ms (2.97‐18.57) and moderate‐high 
heterogeneity; heterogeneity was reduced to 0% upon removal of 
Corcia‐2 et al study. Six studies are cohort, and 1 study is a case‐
control, hence the latter study by Juntilla et al did not include the 
patient's follow‐up.11 Prevalence of first‐degree AVB is highest in 
Maury et al (35%) then Corcia et al (30.5% and 17%), Migliore et al 

F I G U R E  1   Study flow diagram



     |  587PRANATA eT Al.

TA
B

LE
 1

 
Su

m
m

ar
y 

of
 s

tu
di

es
 in

cl
ud

ed
 in

 th
e 

sy
st

em
at

ic
 re

vi
ew

A
ut

ho
r

St
ud

y 
de

si
gn

Sa
m

pl
e 

si
ze

 (n
)

M
ea

su
re

m
en

t

1s
t d

e‐
gr

ee
 A

V
B 

pr
ev

al
en

ce
O

ut
co

m
e 

(m
aj

or
 a

r‐
rh

yt
hm

ic
 e

ve
nt

s)
Ev

en
t [

+]
/

ev
en

t [
−]

M
ea

n 
PR

 in
te

rv
al

c  (e
ve

nt
 [+

]/
ev

en
t [

−]
)

O
dd

s r
at

io
c ;9

5%
 C

I; 
P‐

va
lu

e 
1s

t d
eg

re
e 

AV
B 

ev
en

t [
+]

/e
ve

nt
 [−

]

Fo
llo

w
‐

up
 

m
on

th
s

C
or

ci
a 

20
17

C
oh

or
t

95
EC

G
16

 (1
7%

)
V

T/
V

F/
ap

pr
op

ria
te

 
IC

D
 s

ho
ck

s/
IC

D
 

im
pl

an
ta

tio
n

24
/7

1
18

1.
6 

± 
53

.3
/1

61
.3

 ±
 3

0.
5b

N
/A

33
.8

C
or

ci
a‐

2 
20

17
C

oh
or

t
12

8
EC

G
39

 (3
0.

5%
)

V
T/

V
F/

ap
pr

op
ria

te
 

IC
D

 s
ho

ck
s

40
/8

8
18

1.
35

 ±
 4

4.
72

/1
54

.7
3 

± 
29

.6
4

3.
42

 (1
.5

3‐
7.

64
); 

0.
00

3
21

Ju
nt

ill
a 

20
08

C
as

e‐
C

on
tr

ol
20

0
EC

G
N

/A
Sy

nc
op

e/
V

T/
V

F/
ap

pr
op

ria
te

 IC
D

 
sh

oc
ks

66
/1

34
18

1 
± 

34
/1

78
 ±

 3
9b

N
/A

N
on

e

M
au

ry
 2

01
3

C
oh

or
t

32
5

EC
G

11
3 

(3
5%

)
Sy

nc
op

e/
V

T/
V

F/
ap

pr
op

ria
te

 IC
D

 
sh

oc
ks

11
3/

18
5

N
/A

2.
61

 (1
.1

6‐
5.

85
); 

0.
02

48

M
ig

lio
re

 2
01

8
C

oh
or

t
27

2
EC

G
45

 (1
6.

5%
)

V
T/

V
F/

ap
pr

op
ria

te
 

IC
D

 s
ho

ck
s

17
/2

55
N

/A
5.

24
 (1

.9
0‐

14
.4

4)
; 0

.0
01

85

M
or

ita
 2

01
8

C
oh

or
t

47
1

EC
G

69
 (1

4.
64

%
)a

Sy
nc

op
e/

V
T/

V
F/

ap
pr

op
ria

te
 IC

D
 

sh
oc

ks

14
5/

32
6

18
0 

± 
29

/1
74

 ±
 2

6
1.

34
 (0

.7
8‐

2.
28

); 
0.

29
a,

b
91

O
hk

ub
o 

20
11

C
oh

or
t

35
EC

G
N

/A
Sy

nc
op

e/
V

T/
V

F
10

/2
5

17
8.

9 
± 

20
/1

68
 ±

 1
9.

6b
N

/A
84

.5

A
bb

re
vi

at
io

ns
: A

V
B,

 a
tr

io
‐v

en
tr

ic
ul

ar
 b

lo
ck

; E
CG

, 1
2‐

le
ad

 e
le

ct
ro

ca
rd

io
gr

am
; N

/A
, n

ot
 a

pp
lic

ab
le

/a
va

ila
bl

e;
 V

F,
 v

en
tr

ic
ul

ar
 fi

br
ill

at
io

n;
 V

T,
 v

en
tr

ic
ul

ar
 ta

ch
yc

ar
di

a;
 IC

D
, i

m
pl

an
ta

bl
e 

ca
rd

io
ve

rt
er

 
de

fib
ril

la
to

r.
a M

or
ita

 e
t a

l d
id

 n
ot

 s
pe

ci
fy

 th
e 

ty
pe

 o
f a

tr
io

ve
nt

ric
ul

ar
 b

lo
ck

; i
t m

ig
ht

 n
ot

 b
e 

fir
st

‐d
eg

re
e.

 
b N

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t (
P 

> 
0.

05
). 

c C
al

cu
la

te
d 

us
in

g 
Re

vM
an

 5
.3

. 



588  |     PRANATA eT Al.

(16.5%), and Morita et al (14.64%).5,6,10 The limitation of the stud‐
ies was that most of the studies also assessed those who under‐
gone provocative testing using sodium‐channel blocker which may 
cause prolongation of the PR interval. Migliore et al demonstrated 
the largest OR with first‐degree AVB compared to the other stud‐
ies, Migliore assessed basal ECG without provocative testing in all 
of the subjects.6 This might explain that possibly AVB on basal ECG 
in the absence of provocative testing is a more powerful predictor. 
However, these studies did not assess the incidence of first‐degree 
AVB and magnitude of PR prolongation after provocative tests. 
Migliore et al have one of the smallest populations with AVB preva‐
lence by percentage measurement, although the absolute count is 
similar to 2 studies by Corcia et al. The sample size and the number 
of events occurred were also limited, this is due to low prevalence of 
Brugada syndrome. One of the studies did not report follow‐up, and 
the others reported varying follow up length.

Among the studies with sufficient data to calculate the OR of 
first‐degree AVB and major arrhythmic outcome, all studies are 
significant with a heterogeneity of 0%.7 Study by Maury et al and 

Migliore et al showed that first‐degree AVB was an independent pre‐
dictor of major arrhythmic outcome.5,6 Corcia et al stated that first‐
degree AVB but not SCN5A is an independent predictor in patients 
with Brugada syndrome ≤25 years old at the time of diagnosis.10 This 
study also assessed the most significant difference in PR interval in 
those experiencing major arrhythmic events. Morita et al and Juntilla 
et al also reported no association of SCN5A and the major arrhyth‐
mic events. A meta‐analysis by Rattanawong et al demonstrated an 
increased risk of major arrhythmic events in the Asian population, 
but not in the meta‐analysis by Raharjo et al who demonstrated no 
difference in ventricular fibrillation or syncope in their study.12,13 
Maury et al and Yamagata et al reported a higher mean PR interval 
and prevalence of first‐degree AVB in patients with SCN5A (+) which 
possibly means that there is a possible relation of SCN5A with first‐
degree AVB.5,14 Maury et al also demonstrated that first‐degree AVB 
is an independent predictor and SCN5A loss its significance after 
adjustment.5 Other studies did not assess the association between 
SCN5A and first‐degree AVB. Maury et al have the highest percent‐
age, and absolute count of first‐degree AVB (there is also no other 

F I G U R E  2   Pooled mean difference of PR interval and major arrhythmic events. Figure A shows a pooled mean difference (milliseconds) 
of PR interval and major arrhythmic events, PR interval is longer in those with MAE. Figure B shows that upon removal of Corcia‐2 et al. 
study upon sensitivity analysis, the heterogeneity became 0% with a longer pooled PR interval in those with MAE. Description: AVB = 
Atrioventricular Block; CI = Confidence Interval; IV = Inverse Variance; MAE = Major Arrhythmic Events; SD = Standard Deviation

F I G U R E  3   Pooled analysis of first‐atrioventricular degree block and major arrhythmic events. Forest‐Plot showing pooled analysis of 
first‐atrioventricular degree block and major arrhythmic events, incidence of major arrhythmic events was more frequent in those with  
1st‐degree AVB. Description: AVB = Atrioventricular Block; CI = Confidence Interval; M‐H = Mantel‐Haenszel
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type of AV blocks in the study) prevalence in their study and their 
result might be likely reproducible. Future studies may explore the 
underlying mechanism of SCN5A association with major arrhythmic 
events, which may be due to other conduction abnormalities such as 
AVB or whether AVB is related to another mechanism causing an in‐
creased major arrhythmic event. Other ECG parameter that was hy‐
pothesized to be related to MAE includes QRS duration, fragmented 
QRS, QTc interval, and Tpeak‐Tend interval.14‒16 However, studies 
investigating these parameters showed mixed results and high het‐
erogeneity unlike the first‐degree AV block which is associated with 
MAE in all of the studies. QRS duration, QTc interval, Tpeak‐Tend 
interval, and Tp‐e dispersion may have different cut‐off points which 
may limit its practical application and fragmented QRS had a het‐
erogeneity >50%. QRS duration and QTc interval were also shown 
to be related with SCN5A (+) and major arrhythmic events in several 
studies.14,16

Only a study by Corcia‐2 et al individually showed a significant 
association between a longer PR interval and major arrhythmic out‐
come, this cause heterogeneity in the pooled PR interval analysis.10 
This might be due to only their study specifies first‐degree AVB and 
their prevalence among other studies in the meta‐analysis of mean 
difference in PR interval. Hence, we did not know the prevalence 
of first‐degree AVB in the other 4 studies which might be smaller 
and reduces the difference in mean PR interval. Corcia et al only 
included those ≤25 years old at the time of diagnosis and is the cause 
of heterogeneity in pooled analysis of PR interval. Nevertheless, the 
pooled mean difference of PR interval was significant although by 
only small margin. Morita et al also reported a slightly higher mean 
PR interval in groups with the arrhythmic outcome; however, this 
value might change if only first‐degree AV block is included in the 
analysis. The other 3 studies reported that although the mean PR 
interval tends to be higher in groups with major arrhythmic out‐
come, they are not statistically significant. Possible causes include 
prolonged PR interval itself is not associated with major arrhythmic 
outcome unless it crosses the threshold for first‐degree AV block or 
the sample size is too small.

The limitation of this systematic review includes the small pooled 
number of events due to the scarcity of the study. Many of the 
studies investigating Brugada syndrome and the major arrhythmic 
outcome did not take account of the PR interval and first‐degree 
AV block. This is also possible that mean PR interval was not signifi‐
cantly different in these studies and the researchers were not inter‐
ested in displaying their papers. Some of the studies included in our 
systematic review did not report either the first‐degree AVB or the 
mean PR interval of their subjects. Unfortunately, these studies re‐
ported PR interval and first‐degree AV block of both asymptomatic 
and symptomatic patients as a whole; it is not possible to obtain PR 
interval and first‐degree AV block data on the subgroup of patients 
that was symptomatic or asymptomatic on initial presentation. These 
authors presumably avoided subgroup analysis due to small number 
of events. Hence, we cannot measure the significance of PR interval 
and first‐degree AV block on these specific subgroups. We encour‐
age further studies that assess PR interval, the status of AV block, 

and status of SCN5A gene mutation when investigating the ECG pre‐
dictors of major arrhythmic events in Brugada syndrome. We also 
encourage subgroup analysis based on symptomatic or asymptom‐
atic during initial presentation and their subsequent follow‐up.

5  | CONCLUSION

First‐degree AV block is associated with more frequent major ar‐
rhythmic events in Brugada syndrome patients. PR interval seemed 
to be prolonged in those who experienced major arrhythmic events 
but is yet to be determined whether PR interval itself is associated 
with major arrhythmic outcome or only significant when it crosses 
the threshold for the diagnosis of first‐degree AV block. Presence 
of first‐degree AV block might be associated with SCN5A mutation 
although more research is needed.
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