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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 12 = 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
12=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
I=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 | INTRODUCTION

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.}?

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.s'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
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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%
Cl 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 (1?) 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.> ™!
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FIGURE 1 Study flow diagram

3.1 | PRinterval 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.”?1° 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.®'* 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 12=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 12=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% ClI (1.53-7.64); P = 0.003.2° Maury et al reported

OR of 2.61 (1.16-5.85); P = 0.02.° 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.”

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 I?=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.'! Prevalence of first-degree AVB is highest in
Maury et al (35%) then Corcia et al (30.5% and 17%), Migliore et al



587

Sowmal of Oﬁz/ﬁyf/?//zi(z_wl LEY

PRANATA ET AL.

'€°G UBNASY Suisn pajejndjed,
"(S0°0 < d) uednyiusis Aj[ed1siiels 0N,
'99439p-31s.14 99 30U Jy3IW H H20|q Je[Nd1IIUSAOLIIE JO 3dA} 3y} AJ1D8dS J0U PIP | 39 BJIOIA,

103e||Lqyap

Ja3Jan0lpaed d|qejueldwl ‘D] ‘eIpJedAyde] JB[NDLIJUA ‘| A ‘UOIIE||LIGL) JE[NDLIIUSA ‘JA ‘D]qejieAe/a]qedljdde Jou ‘y/N ‘WelSo1paed0J3ds[d pes|-zT ‘9D7 H20]|q JeJndLIJUSA-0LIJe ‘GAY SUOIRIARIGYY

Sv8

16

S8

8v

SUON

174

8'€e
syjuow
dn
-Moj|04

V/N

q6C'04(8C°C-84°0) ¥E'T

1000 (r¥'¥1-06'T) ¥C'G

20'0:(S8'S-9T'T)19°C

V/N

€000 (Y9 L-EST) TV

V/N

[-] 3uana/[+] 3uana
gAY 22139p 3ST anjeA-4
‘1D %56+,01384 SpPO

q9'6T ¥ 89T/0C * 6'8L1

9C ¥ ¥L1/6C ¥ 081

V/N

V/N

46€ F8LT/VE F 18T

¥9'6CF €L VST/CL VY ¥ GE'18T

qS'0EFEI9T/EESF9'18T

([-] 3uana
/[+] JUBAS) J|eAajuUl Yd ues|y

Sc/0T

92e/St1

§S¢C/LT

G8T/ETT

YET/99

88/0%

TL/vC

[-] 3uans
/[+]3uaA3

4A/LA/2doduAS
s)o0ys
@Dl 21eudoudde
/4AA/LA/2d0duAS
$320ys adl
ojelidoadde/4A /1A
s3o0ys
@Dl a1eudoudde
/4A/LA/2d0duAS
s3o0ys
dpol a1eludoidde
/AN/LN/3d0duAs
syo0ys Al
a1endoadde/4A /1A
uoljejue|dwi
adi/s32oys adl
o1endoadde/4A /1A
(s3uane o1wy3Ays
-Je Jofew) awoanO

V/N

(%Y9°7T) 69

(%5°9T) S¥

(%5€) €TT

V/N

(%S°0€) 6€

(%L£1) 91

2ouajera.d

gAYV 9248
-9p ISt

903

903

903

903

903

903

903

juswainseajn

1>

17474

(244

14

00¢

8¢T

Gé

(u) azis s|dwes

Hoyod

Hoyod

1oyod

1ioyod

|0Jju0D-ase)

11040d

1ioyod

usisap Apmis

TT0C °09Myo

8T0¢ EMION

€70Z Adne

800¢ efiunr

£10¢C ¢-eld10)

LTOT ©1210D
Joyiny

MBIASJ D13BWIDISAS BY3 Ul papn|oul SaIpn3s jo Alewwns T JT14V1



ﬂl_wl LEY—%@UJ:{/ of Ctidlbythmia PRANATA €7 AL

(A) Arrhythmic events No arrhythmic events Mean difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Corcia 2017 1816 533 24 1613 305 7 9.3% 20.30(-217,42.77) .

Corcia-2 2017 181.35 4472 40 15473 2964 88 16.1% 26.62(11.44, 41.80) —
Junttila 2008 181 34 66 178 39 134 235% 3.00[-7.53,13.53) N e

Morita 2018 180 29 145 174 26 326 34.2% 6.00[0.50, 11.50) -

Ohkubo 2011 178.9 20 10 168 19.6 25 16.9% 10.90([-3.68, 25.48] -

Total (95% Cl) 285 644 100.0% 10.77 [2.97, 18.57] R

ity: T3= s X3E= = = A= t t + {
Heterogeneity, T3= 38.46; X*=8.45, df=4 (P=0.08);/7=53% 550 5 b 75 50

Test for overall effect: Z= 2.71 (F=0.007)
(B)

Arrhythmic events No Arrhythmic events

Study or Subgroup Mean SD Total Mean SD Total Weight

Favors MAE[+] Favors MAE[-]

Mean difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Corcia 2017 1816 5§33 24 1613 305 71 41% 20.30(-2.17,42.77) .
Junttila 2008 181 34 BB 178 39 134 185% 3.00(-7.53,13.53 S

Morita 2018 180 29 145 174 26 326 67.8%  6.00(0.50,11.50] -

Ohkubo 2011 1788 20 10 168 196 25 9.6% 10.90[-3.68,25.48) T

Total (95% CI) 245 556 100.0% 6.50[1.97, 11.03] R

Heterogeneity: X*= 2.25, df= 3 (P= 0.52);/*= 0% Y50 =5 5 %5 50

Test for overall effect. Z= 2.81 (P = 0.005)

Favours MAE[+] Favours MAE[-]

FIGURE 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; Cl = Confidence Interval; IV = Inverse Variance; MAE = Major Arrhythmic Events; SD = Standard Deviation

1st-degree AVB  No 1st-degree AVB Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Corcia-2 2017 20 40 19 84 38.9% 3.42[1.53,7.64) —
Maury 2013 16 113 11 185 455% 2.61[1.16, 5.85) ——
Migliore 2018 8 17 37 255 156% 5.24[1.90,14.44] —_——
Total (95% CI) 170 524 100.0%  3.33[2.02,5.50] <
Total events 44 67
Heterageneity: X*=1.12, df= 2 (P = 0.57);/*= 0% :u.cn 0f1 1*0 1001

Test for overall effect. Z= 4.71 (P < 0.00001)

Favors 1st-degree AVB Favors No 1st-degree AVB

FIGURE 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
15t—degree AVB. Description: AVB = Atrioventricular Block; Cl = Confidence Interval; M-H = Mantel-Haenszel

(16.5%), and Morita et al (14.64%).>%° 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%.” Study by Maury et al and

Migliore et al showed that first-degree AVB was an independent pre-
dictor of major arrhythmic outcome.>¢ 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.!?*®
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.>'* Maury et al also demonstrated that first-degree AVB
is an independent predictor and SCN5A loss its significance after
adjustment.® 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
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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.®*"'¢ 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.?*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.'°
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,
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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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