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Abstract

Electrical storm is a life-threatening emergency condition defined as three or more episodes of
ventricular tachycardia or ventricular fibrillation (VF) within 24 hours requiring anti-tachycardia
therapy, electrical cardioversion, or defibrillation. However, studies of the incidence of electrical
storm after chronic total occlusion-percutaneous coronary intervention (CTO-PCI) are limited,’
and post-procedural VF after revascularization of CTO has not been described. The purpose of
this article was to present a case of post-operative VF electrical storm after revascularization of
CTO of the left anterior descending (LAD) artery to determine whether the electrical storm was
caused by reperfusion arrhythmia or compromise of either branch vessels or the collateral
circulation during intervention.
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Background

Electrical storm is a state of extremely
unstable ventricular electrical activity that
is characterized by multiple episodes of ven-
tricular arrhythmia in a short period of
time.! Electrical storm is a life-threatening
emergency condition defined as three or
more episodes of ventricular tachycardia
or ventricular fibrillation (VF) within 24
hours requiring anti-tachycardia therapy,
electrical cardioversion, or defibrillation.?
Patients with chronic total occlusion
(CTO) are at high risk of developing ven-
tricular arrhythmias, and sudden cardiac
death. After reviewing the literature, we
identified one case of ventricular tachycar-
dia electrical storm after CTO revasculari-
zation,” but no cases of VF electrical storm
after percutaneous coronary intervention
(PCI) for CTO have been reported. The
purpose of this article was to present a
case of post-operative VF electrical storm
after revascularization of CTO of the left
anterior descending (LAD) artery and to
investigate the mechanisms underlying the
electrical storm to determine whether this
was caused by reperfusion arrhythmia or
compromise of either branch vessels or col-
lateral circulation during intervention.

Case presentation

A 37-year-old man suffered post-prandial
sudden and continuous chest pain radiating
to his left arm for 2 hours before presenting
to our emergency department. He had no
history of hypertension or diabetes, but
smoked 10 cigarettes/day for 20 years, and
occasionally consumed alcohol. He had no
history of surgery for cerebral hemorrhage
and no significant family history of cardiac
disease. Physical examination findings
were not significant. Electrocardiography
revealed mild ST segment depression in
leads II, III, aVF, V4 to V6, and a gs pat-
tern in leads V1 and V2 (Figure 1).

The patient’s baseline laboratory test results
with their respective reference ranges are
shown in Table 1. The patient was diag-
nosed with acute non-ST-elevation myocar-
dial infarction (NSTEMI) and underwent
coronary angiography (CAG). CAG
revealed triple vessel disease (TVD) with
total occlusion of the proximal LAD;
small left circumflex (LCX) artery with dif-
fuse proximal lesions and a maximum
diameter of 70%; diffuse proximal plaques
in the right coronary artery (RCA) with a
maximum diameter of 80%; and collateral
circulation from the RCA to the LAD, and
from the LCX to the LAD (Figure 2). The
SYNTAX score was >22. We recom-
mended coronary artery bypass grafting
(CABG), but the patient declined surgical
management, and we then attempted inter-
ventional treatment for the LAD. First, the
Runthrough (Terumo, Aichi, Japan) guide-
wire failed to pass the occluded segment.
Considering that CTO was present in the
LAD, we used the antegrade wire escalation
technique and placed a microcatheter and
exchanged the Runthrough for a Fielder
XT Gaia 2 guidewire (Asahi Intecc,
Nagoya, Japan), but this also failed to
pass the LAD occlusion segment, repeated-
ly. Finally, we successfully passed the
Conquest Pro (Asahi Intecc) guidewire
and exchanged the Runthrough guidewire.
We implanted three stents in the LAD and
two stents in the RCA. On post-operative
day 2 after PCI, the patient suddenly lost
consciousness and experienced the first epi-
sode of VF (Figure 3). We immediately
began  cardiopulmonary  resuscitation
(CPR) and administered a 200-J biphasic
shock, which converted the rhythm to
sinus rhythm. The patient then developed
repeated episodes of VF. Serum electrolytes
were then measured, which revealed a
serum  potassium  concentration  of
2.86 mmol/L (range: 3.5-5.3 mmol/L), and
potassium supplementation was adminis-
tered both orally and intravenously to
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Figure |. ST depression in leads Il, Ill, AVF, and V4 to V6, and gs pattern in leads Ill, VI, and V2.

Table |I. Baseline laboratory data and the respective reference ranges.

Parameter Result Units Reference range
Creatine kinase-MB fraction <0.5 pkat/L 0.4-3.3
D-dimer <36l nmol/L 361-2166
Troponin |, baseline <5x 10* ng/L 0-5x 10*
Troponin |, 2 hours after baseline measurement 1.33 % 10° ng/L 0-5 x 10*
Myoglobin 159.92 nmol/L 0-386.27
B-type natriuretic peptide 771 x107° ng/L 0-10~*
Aspartate aminotransferase 20.5 U/L 15.040.0
Alanine aminotransferase 40.2 U/L 9.0-50.0
y-glutamyl transpeptidase 31.8 U/L 10.0-60.0
Alkaline phosphatase 71.7 U/L 45.0-125.0
Total protein 69.2 g/l 65.0-85.0
Albumin 40.8 g/L 40.0-55.0
Globulin 284 g/L 20.040.0
Uric acid 0.365 mmol/L 0.21-0.43
Total cholesterol 3.65 mmol/L 2.6-6.0
Triglycerides 3.71 mmol/L 0.28-1.80
HDL 0.94 mmol/L 0.76-2.1
LDL 1.71 mmol/L 2.06-3.10
Fasting Glucose 4.62 mmol/L 3.9-6.1
TSH 2.480 plU/mL 0.27-4.2
FT3 441 pmol/L 3.1-6.8
FT4 14.58 pmol/L 12.0-22.0
WBC 9.36 x 10°/L 3.50-9.50
RBC 4.57 x10'%1L 4.30-5.80
PLT 250 x10'2/L 125-350

correct the potassium level. No further
hypokalemia was noted during subsequent
episodes of VF storm. The other electrolyte
concentrations were within normal limits,

and 24-hour urinary electrolyte concentra-
tions were also within the normal ranges.
Ten episodes of VF occurred during a
24-hour period. The patient was managed
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Figure 2. (a) Normal left main coronary artery; (b) total occlusion of the proximal left anterior descending
artery (LAD); (c) small left circumflex artery (LCX) with diffuse proximal lesions and a maximum diameter of
70%; and (d) diffuse proximal plaques in the right coronary artery (RCA) with a maximum diameter of 80%.

Figure 3. ECG monitoring showed frequent premature ventricular contractions, paroxysmal ventricular

tachycardia, and ventricular fibrillation.
ECG, electrocardiogram.

with CPR, asynchronous defibrillation with
a biphasic 200-J DC shock, and antiar-
rhythmic drugs, namely amiodarone,
lidocaine, and magnesium sulphate. After

achieving hemodynamic stability, CAG
was repeated, which revealed well-
positioned stents with no  thrombi

(Figure 4); however, compromised collater-
al circulation between the LCX and LAD,
and inadequate flow in the diagonal artery
were seen (Figure 5). Because further inter-
vention in the diagonal branch could have

damaged the stent in the LAD, and because
the patient was stable, no active interven-
tion was performed. The patient had occa-
sional premature ventricular contractions
and remained stable during the following
days. Cardiac color Doppler ultrasonogra-
phy showed that the left ventricular ejection
fraction increased from the initial 43% to
56%, the left ventricular end-diastolic
diameter decreased from 54 mm to 48 mm,
and the initial decrease in left ventricular
diastolic function had disappeared.
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Figure 4. Repeat coronary angiography showing well-positioned stents, with no thrombi.

Figure 5. Comparison of the LAD before (left) and after (right) PCl showing compromised collateral
circulation between the LCX and LAD, and inadequate flow in the diagonal artery; arrows indicate stenosis

in the diagonal artery in both views.

LAD, left anterior descending artery; PCl, percutaneous coronary intervention; LCX, left circumflex artery.

Discussion

With technological improvements and clin-
ical evidence of increased long-term surviv-
al after PCI for CTO, the number of
patients undergoing PCI is increasing
steadily.* Coronary CTO is encountered in
15% to 30% of patients undergoing CAG.>
Coronary artery CTO is more frequent in
men compared with women, and men with
CTO are more likely to undergo invasive
strategies (PCI or surgery).® Current
research shows that coronary revasculariza-
tion of CTO (CTO-PCI or CABG) was
associated with lower all-cause and cardiac
mortality rates compared with optimal
medical therapy in a long-term follow-up.’
However, it is unclear why CTO

revascularization is  associated  with
improved survival. The quantity of viable
myocardium subtended by a CTO artery
may play an important role.” CTO revascu-
larization, especially complete anatomical
revascularization, is associated with favor-
able clinical outcomes.” Another study
showed that regardless of age, both cardiac
and all-cause mortality were significantly
higher in the medical therapy group com-
pared with those who underwent revascu-
larization (PCI or CABG); however, the
survival benefit with revascularization was
especially notable in older patients.®
Revascularization of viable/ischemic myo-
cardium in the CTO territory may improve
survival by preventing the development of
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post-myocardial  infarction  scarring.’
Therefore, it is necessary to attempt CTO
revascularization when appropriate,
although a meta-analysis showed that
approximately 3% to 4% of CTO-PCI
patients experienced major adverse cardiac
events.” However, studies evaluating the
incidence of electrical storm after CTO-
PCI are limited,'® and post-procedural VF
after revascularization of CTO has not been
described.

Regarding the occurrence of VF electri-
cal storm shortly after CTO-PCI in an elec-
trically stable patient, we believe that
reperfusion injury may play a role in the
pathogenesis of VF in CTO. In patients
with old myocardial infarction, the occur-
rence of VF electrical storm usually
depends on the scar-related re-entry circuit.
The border zone of the infarction, where
areas of surviving cardiomyocytes are inter-
posed among fibrotic tissue, often host the
slow conduction channels that are an essen-
tial part of the re-entry circuit.'' CTO in an
infarct-related artery is associated with
greater scarring and, above all, with a great-
er border zone, which is central to the
development of arrhythmias, and sudden
cardiac death.'? Relevant reports indicate
that the increased vulnerability of hibernat-
ing myocardium may play a role in VF ini-
tiation.'? Additionally, a larger penumbra
zone (0.5-1.5mV) can be observed on the
electroanatomic voltage maps of patients
with chronic total occlusion, and VF, indi-
cating that these patients have widespread
myocardial heterogeneity.® We hypothe-
sized that restoring coronary blood flow
in the CTO caused the mechanical and elec-
trical “silent” areas suddenly to resume
electrical activity, thereby altering the elec-
trophysiological characteristics of chronic
hibernating myocardium. Delayed depolar-
ization (DAD) may be the most common
electrophysiological cause of reperfusion
arrhythmias. DADs are oscillations of
membrane potential that occur after

complete repolarization of the preceding
action potential.'*> DADs after reperfusion
are caused by intracellular calcium over-
load. When calcium flows into the cell, the
calcium released by the sarcoplasmic retic-
ulum is further amplified,'* !¢ and when the
threshold of the depolarization current is
reached, a spontaneous action potential is
generated. This action potential can re-
evoke an after-potential, thereby generating
a self-sustaining rhythmic activity. In addi-
tion, intracellular calcium overload can lead
to reperfusion arrhythmias through uncou-
pling of oxidative phosphorylation,®'’
which leads to decreased adenosine triphos-
phate (ATP) concentrations and induces
shortening of the action potential by closing
potassium-ATP channels.'®!? Additionally,
in early-stage VF electrical storm, the serum
potassium concentration is low, and
arrhythmias caused by hypokalemia can
be attributed to prolonged ventricular repo-
larization, slow conduction, and abnormal
pacemaker activity.” However, even after
potassium supplementation, patients may
still have frequent VF when potassium
ions return to normal physiological levels.
Moreover, eclectrolyte concentrations are
essentially at normal physiological levels
during electrical storm, indicating that an
electrolyte disorder is unlikely to cause VF
electrical storm.

VF electrical storm suddenly stopped in
our patient, and the electrocardiogram
during 24-hour cardiac monitoring was
essentially normal, suggesting a different
mechanism for the VF electrical storm.
CAG was performed again after achieving
hemodynamic stability, and the implanted
stents were well-seated, without thrombi.
When we compared angiograms before
and after the operation, the diagonal
branch, as the collateral circulation between
the LAD and LCX, was significantly thin-
ner and more compressed than before. The
most commonly observed collaterals in
cases of CTO of the LAD are from the



Liu et al.

septal branch of the posterior descending
artery, right atrial and right ventricular
branches of the RCA, and the obtuse mar-
ginal branches of the LCX;?' the diagonal
branch is rare as collateral circulation.
Relevant research shows that the diagonal
branch is significantly important to the cor-
onary collateral blood flow, especially when
the anterior descending branch has insuffi-
cient blood flow.?* In this condition, diag-
onal branch occlusion can cause
arrhythmia, although the incidence is rela-
tively low compared with main branch dis-
ease.”> Therefore, we speculate that the
diagonal branch, as collateral circulation,
is not protected during the treatment of
LAD-CTO, which leads to poor blood
flow and may also lead to transient VF elec-
trical storm.

The diameter, length and range of the
diagonal branch differ in different popula-
tions; therefore, the influence of diagonal
branch occlusion on cardiac function also
differs. Generally, the number of diagonal
branches varies from two to nine, and diag-
onal branches >2mm in diameter are con-
sidered the main supply branch to the
LAD.? Currently, the treatment of isolated
diagonal occlusion is a matter of debate.*
Regarding acute myocardial infarction, the
incidence of mechanical complications is
greater when the culprit of the acute myo-
cardial infarction (AMI) is the side branch.
Therefore, LAD-AMI with poor diagonal
blood flow should be reconstructed as
soon as possible, including the diagonal
branch. If sufficient diagonal flow is not
necessary in LAD-AMI, we can limit the
primary PCI to the LAD.> This allows
avoiding complex procedures, such as the
kissing balloon technique or two-stent
strategy, and permits concentrating only
on revascularizing the LAD to achieve
thrombolysis in myocardial infarction
(TIMI)-3 flow. As these complex proce-
dures are associated with stent thrombosis
or adverse events in primary PCI, simplified

procedures are safer than complex proce-
dures in primary PCL?*® However, for
patients with complete coronary artery
occlusion, especially those with anterior
descending coronary artery occlusion, the
prognosis is poor owing to the large infarct
size and significant decline in left ventricu-
lar function. Studies have shown that in
LAD-CTO with collateral circulation, the
presence of collateral circulation can effec-
tively reduce myocardial ischemia and the
scope of the myocardial infarction, enable
myocardial survival, and reduce ventricular
remodeling; therefore, the prognosis is
better than that of patients without collat-
eral circulation.?” Studies have shown that
when the dichotomous collateral flow index
(CFI) threshold of 0.25 is used to distin-
guish good from bad collateral supply,
patients with insufficient collateral protec-
tion have a four to eight times higher inci-
dence of major adverse cardiac events
(MACE) after PCI than patients with suffi-
cient collaterals.”® Currently, with global
collaboration and shared knowledge, there
are seven widely accepted common princi-
ples considered best practices for CTO-
PCL:*° however, there is no consensus
regarding intraoperative management for
the collateral circulation. Therefore, we
speculate that in LAD-CTO, a diagonal
branch, as collateral circulation, with a
diameter >2 mm, should be protected, and
a stent should be implanted if necessary. If
the patient’s condition is stable, and the
results of 24-hour electrocardiogram
(ECG) monitoring are essentially normal,
performing intervention for the diagonal
branch may damage the implanted stent
and affect forward blood flow.

VF electrical storm is a clinical emergen-
cy and requires appropriate early manage-
ment. The first choice of treatment in
early-stage VF electrical storm is adminis-
tering antiarrhythmic drugs, such as beta
blockers and amiodarone, which are com-
monly used. Beta blockers play an
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important role in suppressing sympathetic
discharge after arrhythmia and defibrilla-
tion. In addition, some drugs can be used
as adjuvants to amiodarone and beta block-
ers, such as procainamide, lidocaine, sota-
lol, and mexiletine.’*>? If medical
treatment fails, radiofrequency ablation
surgery is an effective treatment for VF
electrical storm.?® Regarding electrophysio-
logical treatment, overdrive treatment has
been recommended as a class I1a indication
in the recent guidelines of the European
Society of Cardiology for the management
of ventricular arrhythmias.*?

Conclusion

There are several mechanisms underlying
VF electrical storm after CTO PCI, and
reperfusion arrhythmia after coronary
revascularization as a cause of electrical
storm cannot be excluded. In addition,
during PCI for CTO, larger branches pro-
viding collateral circulation should be pro-
tected. Compromise of either branch vessels
or collateral circulation during intervention
leads to limited and insufficient flow, result-
ing in VF electrical storm.
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