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ARTICLE INFO ABSTRACT

Introduction: Brugada Syndrome typically presents with sudden nocturnal arrhythmias. Diagnosis may be chal-
lenging due to variable and transient electrocardiogram patterns and nondiagnostic provocation studies. Genetic
testing can establish the etiology, but results may be inconclusive with variants of uncertain significance.

Case: A 24-year-old male with family history of sudden cardiac death was found unresponsive due to seizure. He
was hemodynamically stable. ECG showed saddle-back ST elevations in V1 and V2. Procainamide challenge was
negative. We subsequently performed genetic testing, which demonstrated AKAP9 variant.

Discussion: AKAP9 is a scaffolding protein that facilitates phosphorylation of delayed-rectifier potassium channels.
The AKAP9 variant alters potassium current causing disordered repolarization and ventricular reentry. It has been
previously linked to other channelopathies, but its pathogenicity is fully undetermined.

Conclusion: Genetic testing is a useful tool to determine the origin of channelopathy, but inconclusive results with
variants of uncertain significance should be clinically correlated.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Brugada Syndrome (BrS) is a channelopathy characterized by
unprecipitated ventricular fibrillation in structurally normal hearts
with ECG patterns of right precordial ST-segment elevations [1]. While
it often causes sudden cardiac death (SCD), many patients have variable
history and clinical findings [2,3]. Genetic testing is useful to elucidate
the etiology of suspected channelopathies, but results may be equivocal
due to the vast number of implicated genes with variants of question-
able clinical significance [4,5].

Case

A 24-year-old male was found in his bed unresponsive and cyanotic
with foam and blood at the mouth. He was intubated in the field for
hypoxic respiratory failure. He was hemodynamically stable with
sinus tachycardia of 110 bpm. ECG changes demonstrated dynamic
changes with approximately 1-2 mm J-point elevations in V1 - V3
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with saddle-back morphology most prominent in V1 and V2 without re-
ciprocal changes (Fig. 1). Initial arterial blood gas showed hypoxic, hy-
percapnic respiratory failure with increased anion gap metabolic
acidosis and elevated lactic acid. Urine toxicology and alcohol level
were negative. Total creatinine kinase peaked at 7435 U/L. Troponin
on admission was 0.203 ng/mL and peaked at 0.984 ng/mL. Transtho-
racic echocardiogram showed normal ejection fraction without wall
motion abnormalities and normal wall thickness. Further history was
obtained after extubation one day later. Patient reportedly went to
bed around 11 pm in his usual state of health. He denied any history
of chest pain, palpitations, shortness of breath, or dizziness. He had no
prior episodes of syncope or seizures, or prior hospitalizations. He did
not take any medications. No history of substance abuse. His mother
had recently passed away from SCD. She had a witnessed seizure prior
to cardiac arrest which was precipitated by refractory ventricular fibril-
lation and followed by PEA. No autopsy or genetic testing was per-
formed. These findings were suspicious of inherited channelopathy.
Patient underwent electrophysiology study with procainamide provo-
cation, which failed to induce type 1 ECG changes. Cardiac MRI was un-
remarkable without delayed gadolinium enhancement, dyskinesia,
infiltration, or fibrosis of the myocardium. Given the inconclusive
workup, the etiology of the suspected channelopathy was unclear. Con-
sequently, we performed genetic testing with the Invitae arrhythmia and
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Fig. 1. ECG demonstrates 1-2 mm J-point elevations in V1 - V3 with saddle-back morphology most prominent in V1 and V2 without reciprocal changes, consistent with Type 2 Brugada

pattern.

cardiomyopathy comprehensive panel (with add-ons) that sequenced
149 genes. It was positive for AKAP9 variant of uncertain significance.
Patient was counseled for ICD placement in consideration of his clinical
presentation and family history.

Discussion

BrS accounts for 12% of all SCD, but the pathophysiological mecha-
nisms are still not fully understood [4]. Arrhythmogenic events com-
monly occur during vagal predominance, presenting as nocturnal
death, seizure, or agonal breathing [1,6]. The conduction abnormalities
are theorized to have a predilection for the right ventricular (RV) due
to the distinct electrical and structural features of the RV subepicardium
[7].1tis suggested that discordant currents result in loss of the action po-
tential dome with early repolarization of the RV epicardium. The resul-
tant gradient between the RV epicardium and endocardium produce
down-sloping ST-segment elevations with a prolonged action potential
that is demonstrated by T-wave inversions in the right precordial leads
[7,8]. Lead V1 typically shows the most prominent ST-segment eleva-
tions with varying degrees among V2 - V3 that are not accompanied
by reciprocal ST changes. The ST morphology may be coved (diagnostic)
or saddle back (nondiagnostic) [8]. Ventricular arrhythmias can occur
due to the heterogeneity of repolarization where late potentials cause
preexcitation in the epicardium and induce phase 2 reentry [5,8]. Liter-
ature has also described structural changes among BrS, such as myocar-
dial atrophy with infiltration and fibrosis of the RV, but this is unproven
[7.8].

Definitive diagnosis of BrS may be challenging. ECG changes are
often dynamic and variable, and while provocation tests with sodium
blocking agents may unmask them, nearly 25% are falsely negative [1].
In the setting of clinical suspicion and diagnostic uncertainties, genetic
testing can delineate the etiology of channelopathies [5]. Approximately
25 genes are currently linked to BrS with loss of function mutations that
occur in cardiac sodium or calcium channels, or gain of function muta-
tions in potassium channels [3,9]. Yet, genetic screening fails to diag-
nose 80% of phenotypic BrS [9]. This may be attributable to single

nucleotide polymorphisms that occur in exomes and non-coding re-
gions of DNA that were not formerly recognized by conventional DNA
analysis [2]. The advent of Sanger whole-genome sequencing has ex-
panded genetic testing from single-gene analysis to multi-gene panels.
This spurred genome-wide association studies, identifying patterns of
variants, defined as nucleotide changes that occur in the general popu-
lation. When these variants are identified repeatedly among individuals
that share pathogenic phenotypes, they may serve as markers of disease
[3,10]. These variants are cautiously being linked to inheritable chan-
nelopathies among individuals without identifiable mutations in gene-
coding loci [2]. They may induce functional change when occurring on
or near genes, or alter gene modifiers, which are proteins involved in
trafficking, regulation, growth, function, transcription, and structural
support [3,6,9]. More than 300 pathogenic variants have been linked
to BrS with many more of undetermined significance [4,9]. Prior cohort
studies have discovered rare variants among 64% of patients with BrS
phenotypes and 50% of patients who suffered sudden nocturnal death
[6,11].

Variants of AKAP9, also called Yotiao, are implicated in Long QT syn-
drome [6,12,13]. Yotiao is a scaffolding protein that binds KCNQ1 and
creates a macromolecule complex with enzymes that regulate cardiac
delayed-rectifier potassium channels (Igs) that are critical for action po-
tential repolarization. Yotiao facilitates protein kinase A (PKA) mediated
phosphorylation and protein phosphatase 1 (PPI) dephosphorylation of
the Ixs channel. It also intercepts adenylyl cyclase and phosphodiester-
ase (PDE) activity that balance cAMP levels [12-14]. While AKAP9 var-
iants have been associated with loss of function mutations in LQT-1 and
LQT-11, polymorphisms that hinder PPI or PDE activity could theoreti-
cally cause gain of function [14]. Whether AKAP9 plays a structural-
regulatory role in other cardiac channels is unknown, but other AKAP
subtypes have been observed among cardiac ryanodine receptors and
L-type calcium channels [13,15]. Literature has demonstrated very few
cases of AKAP9 variants among BrS phenotypes and sudden nocturnal
death [6,11,16,17]. Our patient demonstrated a heterozygous AKAP9
variant on chromosome 7, Exon 8, ¢.2239G > A (p.Glu 747Lys). The
EXAC population frequency is 8.475e® and gnomAD frequency is
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4.35€5. The predicted in silico missense mutation algorithms are incon-
sistent (SIFT: “tolerated”; PolyPhen-2: “probably damaging”; Align-
GVGD: “Class C0”). The ClinVar classification is of “uncertain signifi-
cance,” (accession VCV000582369.1, variation ID 582369, allele ID
564452).

The pathogenicity of indeterminant polymorphisms should be
interpreted cautiously in the context of clinical findings [1,4,5]. Initial
evaluation should exclude conditions that mimic Brugada ECG patterns,
such as arrhythmogenic cardiomyopathy, early repolarization syn-
drome, RV infarct, or pulmonary embolism [1,8]. Precipitating factors,
such as fever, hyperkalemia, cocaine, and medications (antidepressants,
antihistamine, Propofol) should also be identified [1]. An inherited
channelopathy should be strongly considered when unprovoked elec-
trical instability occurs among patients with structurally normal hearts
who have 1st degree relatives with history of SCD [11].

Conclusion

Advances in genetic testing have enhanced the diagnostic capabili-
ties of assessing for inherited channelopathies. Consequentially, this
has uncovered variants of uncertain pathogenic significance, which
has complicated clinical interpretation of these results. We present a
suspected case of BrS with a rare variant of AKAP9 of unclear pathoge-
nicity. While AKAP9 is associated with long QT syndromes, its role in
other channelopathies is unknown.

Acknowledgements
None.
Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

References

[1] Brugada J, Campuzano O, Arbelo E, Sarquella-Brugada G, Brugada R. Present status of
Brugada syndrome: JACC state-of-the-art review. J] Am Coll Cardiol 2018;72:
1046-59. https://doi.org/10.1016/j.jacc.2018.06.037.

[2] Roberts R. Genomics and cardiac arrhythmias. ] Am Coll Cardiol 2006;47:9-21.
https://doi.org/10.1016/j.jacc.2005.08.059.

[3] Juang J-M], Horie M. Genetics of Brugada syndrome. ] Arrhythmia 2016;32:418-25.
https://doi.org/10.1016/j,joa.2016.07.012.

[4] Campuzano O, Allegue C, Fernandez A, Iglesias A, Brugada R. Determining the path-
ogenicity of genetic variants associated with cardiac channelopathies. Sci Rep 2015;
5:1-6. https://doi.org/10.1038/srep07953.

[5] Al-Khatib S, Stevenson W, Ackerman M, Bryant W, Callans D, Curtis A, et al. ACC/

AHA/HRS guidelines for management of patients with ventricular arrhythmias and

the prevention of SCD.pdf. Am Coll Cardiol Am Hear Assoc 2017;2017.

Zhang L, Tester DJ, Lang D, Chen Y, Zheng ], Gao R, et al. Does sudden unexplained

nocturnal death syndrome remain the autopsy-negative disorder: a gross, micro-

scopic, and molecular autopsy investigation in Southern China. Mayo Clin Proc
2016;91:1503-14. https://doi.org/10.1016/j.mayocp.2016.06.031.

Hoogendijk MG, Opthof T, Postema PG, Wilde AAM, de Bakker JMT, Coronel R. The

Brugada ECG pattern: a marker of channelopathy, structural heart disease, or nei-

ther? Toward a unifying mechanism of the Brugada syndrome. Circ Arrhythm

Electrophysiol 2010;3:283-90. https://doi.org/10.1161/CIRCEP.110.937029.

Gussak I, Antzelevitch C, Bjerregaard P, Towbin JA, Chaitman BR. The Brugada syn-

drome: clinical, electrophysiologic and genetic aspects. ] Am Coll Cardiol 1999;33:

5-15.

[9] Garcia-Elias A, Benito B. Ion channel disorders and sudden cardiac death. Int ] Mol
Sci 2018;19:692. https://doi.org/10.3390/ijms19030692.

[10] Bezzina CR, Lahrouchi N, Priori SG. Genetics of sudden cardiac death. Circ Res 2015;
116:1919-36. https://doi.org/10.1161/CIRCRESAHA.116.304030.

[11] Allegue C, Coll M, Mates ], Campuzano O, Iglesias A, Sobrino B, et al. Genetic analysis
of arrhythmogenic diseases in the era of NGS: the complexity of clinical decision-
making in Brugada syndrome. PLoS One 2015;10:1-21. https://doi.org/10.1371/
journal.pone.0133037.

[12] LiY, Chen L, Kass RS, Dessauer CW. The A-kinase anchoring protein Yotiao facilitates
complex formation between adenylyl cyclase type 9 and the IKs potassium channel
in heart. ] Biol Chem 2012;287:29815-24. https://doi.org/10.1074/jbc.M112.380568.

[13] Suryavanshi S, Jadhav S, McConnell B. Polymorphisms/mutations in A-kinase an-
choring proteins (AKAPs): role in the cardiovascular system. ] Cardiovasc Dev Dis
2018;5:7. https://doi.org/10.3390/jcdd5010007.

[14] Chen L, Kass RS. A-kinase anchoring protein 9 and IKs channel regulation. ]
Cardiovasc Pharmacol 2011;58. https://doi.org/10.1097/F]C.0b013e318232c80c
459-13.

[15] Ackerman M], Mohler PJ. Defining a new paradigm for human arrhythmia syn-
dromes: phenotypic manifestations of gene mutations in ion channel- and
transporter-associated proteins. Circ Res 2010;107:457-65. https://doi.org/10.
1161/CIRCRESAHA.110.224592.

[16] Neubauer J, Lecca MR, Russo G, Bartsch C, Medeiros-Domingo A, Berger W, et al.
Exome analysis in 34 sudden unexplained death (SUD) victims mainly identified
variants in channelopathy-associated genes. Int ] Leg Med 2018;132:1057-65.
https://doi.org/10.1007/s00414-018-1775-y.

[17] Tan VH, Duff H, Gerull B, Sumner G. Early repolarization syndrome: a case report fo-
cusing on dynamic electrocardiographic changes before ventricular arrhythmias and
genetic analysis. Hear Case Rep 2015;1:213-6. https://doi.org/10.1016/j.hrcr.2015.
03.001.

[6

[7

8


https://doi.org/10.1016/j.jacc.2018.06.037
https://doi.org/10.1016/j.jacc.2005.08.059
https://doi.org/10.1016/j.joa.2016.07.012
https://doi.org/10.1038/srep07953
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0025
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0025
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0025
https://doi.org/10.1016/j.mayocp.2016.06.031
https://doi.org/10.1161/CIRCEP.110.937029
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0040
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0040
http://refhub.elsevier.com/S0022-0736(19)30475-3/rf0040
https://doi.org/10.3390/ijms19030692
https://doi.org/10.1161/CIRCRESAHA.116.304030
https://doi.org/10.1371/journal.pone.0133037
https://doi.org/10.1371/journal.pone.0133037
https://doi.org/10.1074/jbc.M112.380568
https://doi.org/10.3390/jcdd5010007
https://doi.org/10.1097/FJC.0b013e318232c80c
https://doi.org/10.1161/CIRCRESAHA.110.224592
https://doi.org/10.1161/CIRCRESAHA.110.224592
https://doi.org/10.1007/s00414-018-1775-y
https://doi.org/10.1016/j.hrcr.2015.03.001
https://doi.org/10.1016/j.hrcr.2015.03.001

	Brugada syndrome & AKAP9: Reconciling clinical findings with diagnostic uncertainty
	Introduction
	Case
	Discussion
	Conclusion
	Acknowledgements
	Funding
	References


