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Background ST-segment deviation post-electrical cardioversion is a common finding amongst a significant number of patients.
However, the mechanism by which this phenomenon occurs and its clinical implications are not fully understood.

Case summary  Four patients presented to our department with complaints of palpitations. They were found to have atrial f|br|lla-
tion and were cardioverted using a synchronized direct current shock at 200). However, their telemetry
immediately after the shock showed transiently an ST-segment elevation resembling Brugada Type 1 pattern. All
telemetries normalized within 6 s from cardioversion.

Discussion Through this report, we aim to raise mild concern about a possible safety issue related to synchronized electrical
cardioversion with electrodes positioned in an anteroposterior fashion. Also, we try to give a pathophysiological
explanation to this finding on the base of the knowledge accumulated through the years on Brugada syndrome.

Keywords Case series ® Brugada syndrome ¢ Na' channel e ST-segment deviation e Electrical cardioversion

Learning points . Introduction

® Electrical cardioversion through pads positioned in an antero- :
posterior fashion can cause transient ST-segment deviation : Direct current (DC) shock has been widely used to cardiovert atrial
which resembles Brugada Type 1 pattern. - and ventricular arrhythmias for decades. However, its effect on car-

® Till more data will be available to support this finding, we rec- - diac myocytes has yet to be completely understood." Direct current
ommend caution in the use of defibrillation pads in the antero- ¢ shock has been shown to cause transient electrocardiogram (ECG)
posterior fashion in those patients predisposed to ventricular * changes, which include ST-segment deviation."* The mechanism by
arrhythmias. - which this phenomenon occurs and its clinical implications are not
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completely understood, and the literature is lacking in this regard.’
It is estimated that 15-50% of patients undergoing electrical cardio-
version will have transient ST-segment deviation.?

We are currently unaware of any report of transient ST-segment
elevation resembling Brugada Type 1 post-DC shock. We reviewed
four cases in which DC shock induced a Brugada Type 1 ECG pattern
in patients who do not have an established diagnosis of Brugada syn-
drome (BS). Through these findings, we aim to raise mild concern
about a possible safety issue related to synchronized electrical cardio-
version with the electrodes positioned in an anteroposterior fashion.
Furthermore, we try to give a pathophysiological explanation to
this finding based on of the knowledge accumulated through the
years on BS.

We present four cases of attempted electrical cardioversion of
persistent atrial fibrillation. Transoesophageal echocardiogram was
performed in all cases to rule out the presence of clots in the left
atrial appendage and left atrium. All patients received deep sed-
ation via intravenous administration or infusion of fentanyl, mida-
zolam, and propofol under the supervision of a senior
anaesthetist. All patients received 300 mg of amiodarone intraven-
ously prior to the procedure in order to increase the likelihood
of successful cardioversion. All patients received a synchronized
biphasic DC shock at 200). The pads were placed in an antero-
posterior fashion. All patients had a negative family history for
sudden cardiac death and/or inherited channelopathies; none of
them though underwent an ajmaline test before or after electrical
cardioversion or genetic tests to evidence mutations compatible
with BS. ST elevation persisted for a maximum of 6s after elec-
trical cardioversion. All patients were discharged 2 h after the pro-
cedure without complications.

Timeline

Case series presentation

Patient 1

Patient 1 is a 65-year-old man with persistent atrial fibrillation, and a
history of hypertension, hyperlipidaemia, hyperuricaemia, and kidney
stones; of transient ischaemic attack, coronary artery disease status
post-percutaneous coronary angioplasty of the left anterior descend-
ing artery; of catheter ablation of atrial fibrillation; and of two electric-
al cardioversions after catheter ablation, normal left ventricular
function and no valvular abnormality as per his last echocardiogram.
He was presented to our outpatient clinic with palpitations and dizzi-
ness. Electrocardiogram on admission revealed atrial fibrillation. His
height and weight were 160 cm and 79 kg, respectively. His blood
pressure was 122/84 mmHg. His electrolytes were as follows: sodium
138 mmol/L, potassium 4.4mmol/L, and calcium 2.32 mmol/L. His
current list of medications included rivaroxaban 20 mg o.d., and rosu-
vastatin 10 mg o.d.; he was off of antiarrhythmic drugs and/or beta-
blockers. He received 300 mg of amiodarone intravenously before
cardioversion. Figure 1A shows his ECG prior to cardioversion. He
received one DC shock at 200 and was reverted back to sinus
rhythm. Figure 2A shows his ECG during cardioversion. Figure 3A
shows his ECG after electrical cardioversion. The patient’s clinical
status has been unremarkable since electrical cardioversion. He has
not experienced any recurrence of atrial fibrillation and is currently
on rivaroxaban 20 mg o.d., rosuvastatin 10 mg o.d., and sotalol 80 mg
b.i.d.

Patient 2

Patient 2 is a 42-year-old man with a history of rheumatic aortic and
mitral valve disease, status post-replacement of both valves with
mechanical prostheses and tricuspid annuloplasty, severe tricuspid
regurgitation, severe systolic left ventricular dysfunction, and active

Patient 1

A 65-year-old man with persistent atrial fibrillation presented to our outpatient clinic with palpitations and dizziness. Electrocardiogram (ECG) on ad-
mission revealed atrial fibrillation. Figure 1A shows his ECG prior to cardioversion. He received one direct current (DC) shock at 200] and was
reverted back to sinus rhythm. Figure 2A shows his ECG during cardioversion. Figure 3A shows his ECG after electrical cardioversion.

Patient 2
A 42-year-old man presented to the emergency room with shortness of breath, paroxysmal nocturnal dyspnoea, orthopnoea, palpitations, and lightheaded-
ness. Electrocardiogram on admission revealed atrial fibrillation. Figure 1B shows his ECG prior to cardioversion. He received one DC shock at 200 and

was reverted back to sinus rhythm. Figure 2B shows his ECG during cardioversion. Figure 3B shows his ECG after electrical cardioversion.

Patient 3

A 66-year-old man with persistent atrial fibrillation presented to the emergency room with palpitations. Electrocardiogram on admission revealed atrial
fibrillation. Figure 1C shows his ECG prior to cardioversion. He received one DC shock at 200 and was reverted back to sinus rhythm. Figure 2C
shows his ECG during cardioversion. Figure 3C shows his ECG after electrical cardioversion.

Patient 4

A 56-year-old man presented to the emergency room with palpitations and shortness of breath. Electrocardiogram on admission revealed atrial fibrilla-
tion. Figure 1D shows his ECG prior to cardioversion. He received a total of three DC shocks and was reverted back to sinus rhythm with early
recurrence of atrial fibrillation. Figure 2D shows his ECG during cardioversion. Figure 3D shows his ECG after last electrical cardioversion.
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Figure | (A-D) Twelve-lead electrocardiograms from the four cases presented to our department.

smoking, but no other cardiovascular risk factors and no previous
documentation of atrial fibrillation. He was presented to the
emergency room with shortness of breath, paroxysmal nocturnal
dyspnoea, orthopnoea, palpitations, and lightheadedness. Electrocar-
diogram on admission revealed atrial fibrillation. His current list of
medications included warfarin in order to have an INR 2-3, furosem-
ide 40 mg b.i.d. i.v., ramipril 1.25mg o.d., spironolactone 25mg o.d.,
digoxin 250 mcg o.d., bisoprolol 2.5 mg o.d., and alprazolam 0.5 mg
o.d. His height and weight were 173 cm and 68 kg, respectively. His
blood pressure was 85/65 mmHg. His electrolytes were as follows:

sodium 141 mmol/L, potassium 4.2 mmol/L, and calcium 2.31 mmol/
L. He received 300 mg of amiodarone intravenously before cardio-
version. Figure 1B shows his ECG prior to cardioversion. He received
one DC shock at 200 and was reverted back to sinus rhythm.
Figure 2B shows his ECG during cardioversion. Figure 3B shows his
ECG after electrical cardioversion. The patient had a recurrence of
atrial fibrillation a month after the above-mentioned cardioversion;
he stopped amiodarone for unknown reasons after electrical cardio-
version. Since then, he has been in persistent atrial fibrillation with no
improvement in his left ventricular ejection fraction despite being on
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Figure 2 (A-D) Electrocardiogram telemetry at the time of electrical cardioversion in the four cases.

full guideline-directed heart failure medical treatment and has, so far,
refused implantation of a defibrillator.

Patient 3

Patient 3 is a 66-year-old man with a history of catheter ablation of
atrial fibrillation in January 2016, status post two electrical cardiover-
sions in 2014 and 2015; coronary artery disease with percutaneous
coronary angioplasty of the left anterior descendent artery in 2008;
and hypertension and dyslipidaemia, but normal left ventricular func-
tion and no valvular abnormality as per the most recent echocardio-
gram. He was presented to the emergency room with palpitations.
His height and weight were 185 cm and 77 kg, respectively. His blood
pressure was 125/77 mmHg. His electrolytes were as follows: sodium
139 mmol/L, potassium 3.6 mmol/L, and calcium 2.06 mmol/l. His list
of medications included bisoprolol 2.5 mg o.d., amlodipine 5 mg o.d,
pantoprazole 20 mg o.d., ramipril 5mg o.d,, rivaroxaban 20mg o.d.,
and atorvastatin 10 mg o.d. Electrocardiogram on admission revealed
atrial fibrillation. He received 300 mg of amiodarone intravenously

before cardioversion. Figure 1C shows his ECG prior to cardiover-
sion. He received one DC shock at 200) and was reverted back to
sinus rhythm. Figure 2C shows his ECG during cardioversion.
Figure 3C shows his ECG after electrical cardioversion. The patient
had a recurrence of atrial fibrillation 5 months after cardioversion and
a redo catheter ablation for atrial fibrillation afterwards. Since then,
no documented recurrence of atrial fibrillation but at least one epi-
sode of palpitation lasting 1 h was noted. He is currently on long act-
ing flecainide 200 mg o.d., bisoprolol 2.5mg o.d., and rivaroxaban
20mgo.d.

Patient 4

Patient 4 is a 56-year-old man with a history of initial idiopathic
dilated cardiomyopathy with a stable left ventricular ejection fraction
of 45-50%, pre-diabetes and previous cerebrovascular accidents pre-
sented to the emergency room with palpitations and shortness of
breath. His height and weight were 168.5 cm and 92 kg, respectively.
His blood pressure was 146/92 mmHg. His electrolytes were as
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Figure 3 (A-D) Twelve-lead electrocardiograms from the four cases after attempted electrical cardioversion.

follows: sodium 139 mmol/L, potassium 4.1 mmol/L, and calcium
2.30 mmol/l. His list of current medications included: bisoprolol 5 mg
o.d., sacubitril-valsartan 100 mg b.i.d., digoxin 62.5 mcg o.d., and dabi-
gratan 150 mg b.i.d. Electrocardiogram on admission revealed atrial
fibrillation. He received 300 mg of amiodarone intravenously before
cardioversion. Figure 1D shows his ECG prior to cardioversion. He
received a total of three DC shocks and was reverted back to sinus
rhythm with early recurrence of atrial fibrillation. Figure 2D shows his
ECG during cardioversion. Figure 3D shows his ECG after the last
electrical cardioversion. The patient was left in a state of permanent

atrial fibrillation with rate control medications as listed above; no fur-
ther clinical events have been reported in the follow-up.

Discussion

This is the first case series showing the transient appearance of Type
1 Brugada pattern on the ECG immediately after electrical cardiover-
sion in patients with diverse clinical backgrounds and persistent atrial
fibrillation. Four cases are not enough to make any definitive
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POTENTIAL ANALOGIES BETWEEN ST ELEVATION CAUSED BY DC SHOCK

AND

ST ELEVATION IN BRUGADA SYNDROME

DC Shock

Disparity in
electroporation
between the region
closest to the origin of
the shock and
underlying layers of the
myocardium

Brugada Syndrome

Disparity in the
expression of |,
channels between the
epicardium and
endocardium, or
conduction delay in
RVOT

Transmural voltage gradient

[

ST segment deviation and potential
development of arrhythmias

)

Figure 4 Diagram showing possible similarities in the mechanism behind ST elevation after direct current shock and in Brugada syndrome.

conclusions from a scientific perspective. In addition, all the discus-
sion on these cases is only speculative. Nevertheless, we think it
could provide some food for thought on the mechanism of the ST
elevation in concomitance with electrical cardioversion and could po-
tentially offer some insights into the electrophysiology of BS.

Brugada syndrome is an inherited condition affecting cardiac so-
dium, potassium, or calcium channels.®> The hallmark of BS is an
increased risk for sudden cardiac death in patients with no appar-
ent structural heart defects.>* Several hypotheses have been pro-
posed to explain the pathophysiology behind BS but the most
significant ones are the repolarization and the depolarization
hypotheses.

The repolarization hypothesis is based on the presumed disparity
of expression of I, channels between the right and left ventricles,
and between the epicardium and endocardium. Genetically driven
decreased inward sodium current, as is often found in BS, can there-
fore lead to a reduction of the amplitude of the dome of the action
potential in the epicardium of the right ventricular outflow tract
(RVOT) or sometimes to its complete suppression. The results of
this genetic mutation are a transmural voltage gradient and epicardial

dispersion of repolarization in the RVOT, which causes typical ST-
segment changes in right precordial leads and creates a predispos-
ition for phase 2 re-entry ‘cachyarrhythmias.3’5

Indeed, the depolarization hypothesis states that there is a conduc-
tion delay in the RVOT relative to the right ventricle. The delayed ac-
tivation of the RVOT creates an electrical gradient in this part of the
heart similar to that associated with myocardial ischaemia; the typical
ST-segment changes seen in BS in the right precordial leads are the
electrocardiographic consequences of this delay. The frequent asso-
ciation, in patients with BS, of PQ/QRS prolongation and sinus
node dysfunction is indirect clinical proof of the depolarization hy-
pothesis.®™

ST-segment deviation post-cardioversion is widely occurring and
sparingly studied.” Coronary artery spasm is allegedly the culprit be-
hind this phenomenon.1'2 However, the fact that it takes at least 45 s
after coronary artery spasm for ST-segment changes to occur does
not explain the immediate onset of ECG changes post-DC shock."?
Another proposed mechanism is acute myocyte necrosis.' However,
in patients undergoing DC-shock cardioversion for atrial fibrillation
or flutter, cardiac troponin levels were not elevated in serum
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Figure 5 Twelve-lead electrocardiograms before and after synchronized biphasic electrical cardioversion done with paddles positioned in antero-
lateral fashion at 200) in a patient with persistent atrial fibrillation, not known to have Brugada syndrome or structural heart disease.
Electrocardiogram has been retrieved from a collection of old electrocardiograms from Prof. Pedro Brugada’s laboratory. See text for discussion.

post-cardioversion."? This indicates that any elevation in serum cre-
atine kinase originated from the skeletal muscle and not from the car-
diac muscle.* A possible explanation for the observed post-
cardioversion ST-segment changes could be derived from the
hypotheses proposed to explain the underlying electrophysiology of
BS. We believe that the electrical current used to achieve cardiover-
sion produces transient non-transmural depolarization in the region
closest to the origin of the shock."? This is due to the production of
transient microlesions in the sarcolemma, which short circuit the
membrane and allow for substantial ionic exchange across the mem-
brane; a process known as electroporation.™® The potential differ-
ence between the depolarized and non-depolarized regions creates
the ST-segment deviation observed post—cardioversion.2 If this is in-
deed the mechanism by which ST-segment deviation occurs post-
DC shock, it strongly supports the repolarization hypothesis of BS. In
our patients, the location of the pads in the anteroposterior position
would make the RVOT the region closest to the origin of the shock,
where electroporation would be most prevalent, thereby mimicking
the affected area in BS and producing similar ECG findings. Figure 4
shows a diagram which summarizes this hypothesis.

Our finding is confirmed by a case report published in 2017 by
Divaniji et al in Journal of Thoracic Disease’: in their case vignette

the authors showed the acute changes in the 12-lead ECGs that
have occurred right after electrical cardioversion in a patient with
persistent atrial fibrillation. There are many similitudes with our
case, such as the pads were positioned in an anteroposterior fash-
ion, the patient’s list of medications included amiodarone and car-
dioversion was performed with the delivery of a 200] biphasic
shock. The ST elevation occurred in leads V1 and V2 and closely
resembled Type 1 Brugada pattern (despite lacking negativization
of T waves in the same leads). The patient did not experience
any significant complication. The authors reached the same con-
clusions about the mechanism of this electrocardiographic phe-
nomenon; considering its short duration, they excluded
myocardial ischaemia and necrosis®’ and they hypothesized ‘non-
transmural depolarization of myocardial cell layers leading to a
voltage gradient within the ventricular wall, resulting in ST eleva-
tion on the surface ECG’.

The ST elevation reported in our case series is possibly higher than
that reported in previous studies.'® In general, monophasic shock is
usually associated with higher required energy and subsequently with
more significant ST elevation than biphasic shock. The reason behind
this possible difference is unknown to us but, we presume, could be

linked to the position of the pads.
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At present, we do not know if these findings are dependent on
the position of the pads on the chest. On the one hand, we can
speculate that the anterolateral electrode position would not give
rise to the same ST-segment elevation on the ECG. Indeed, the tel-
emetry originating from the pads in an anteroposterior fashion
reproduces the same QRS aspect which is visible in V1, one of the
leads where Brugada Type 1 is seen, whereas the anterolateral ap-
proach usually resembles lead |, which is a lead that rarely shows
Brugada Type 1 ST-segment changes. A confirmation of this hypoth-
esis is given in Figure 5. It shows a case of synchronized biphasic
electrical cardioversion done with paddles positioned in anterolat-
eral fashion at 200] in a patient with persistent atrial fibrillation, not
known to have BS or structural heart disease; here, V1 and V2
clearly show the appearance of a Brugada Type 1 pattern right after
the DC shock, whereas lead | shows an ST depression which is a
mirror image of the ST elevation in the right precordial leads. On
the other hand, this phenomenon could be the proof that the
described transient ST elevation could be not dependent on the
position of the pads or paddles at the time of cardioversion. A pos-
sibility to explain it is that the pressure applied with the paddle on
the anterior wall is enough to induce this electrical phenomenon on
the right ventricle, regardless of the position of the other paddle,
but for sure, further data need to be collected on the topic.
Furthermore, we wonder if the ST elevation in V1 and V2 is
obtained in the anterolateral fashion when pads instead of paddles
are utilized.

A limitation of our case series is that we did not have 12-lead
ECGs at the time of the cardioversion, therefore, the appearance of
Brugada Type 1 pattern could not be attested completely.
Nevertheless, the fact that the pads are positioned in an anteropos-
terior fashion resembling lead V1 or V2 on the 12-lead ECGs makes
this assumption fairly reasonable.

However, we cannot speculate on the possibility that simi-
lar electrocardiographic changes can occur with an asynchron-
ous defibrillation or with a different amount of energy given
for cardioversion. We also cannot demonstrate that these
findings were caused by the concomitant use of amiodarone
or anaesthetics. Given the fact that ajmaline test was not per-
formed in any of the patients included in this case series, we
cannot claim for sure that these patients did not have an
electrophysiological substrate which could have favoured this
finding.

Our case series report for the first time in the literature an electro-
cardiographic change resembling Brugada Type 1 which occurs im-
mediately after synchronized electrical cardioversion. Since this ECG
change resembles Brugada Type 1 pattern, which is known to be
associated with ventricular arrhythmias, further prospective studies
are warranted on the possible arrhythmogenicity of this modality of
cardioversion, especially in patients predisposed to ventricular
arrhythmias.
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