FEuropace (2000) 2, 327-332

doi:10.1053/eupc.2000.0117, available online at http://www.idealibrary.com on ||“.%|.®

Ventricular fibrillation induced by rapid atrial rates in
patients with hypertrophic cardiomyopathy

M. Lopez Gil', F. Arribas® and F. G. Cosio?

Cardiology Service, ' Hospital Universitario 12 de Octubre and >Hospital Universitario de Getafe, Madrid, Spain

Aims To describe the mechanisms of induction of ventricu-
lar fibrillation (VF) by rapid atrial rates in patients with
hypertrophic cardiomyopathy (HCM).

Methods Electrophysiological studies, management and
follow-up in three patients with HCM with VF induced by
atrial pacing.

Results In one patient, spontaneous sinus tachycardia
triggered VF. In another patient, VF occurred after vera-
pamil infusion during rapid atrial fibrillation, and in the
remaining patient there was no clinical VF. In all three
patients, short runs of atrial pacing (cycle length 272—
380 ms) induced VF, and QRS widening preceded fibril-
lation in all patients. Marked ventricular electrogram frag-
mentation was documented in one patient during atrial
pacing and in another patient during late ventricular extra-
stimuli. Hypotension was associated with sinus tachycardia
in one patient. The two patients developing clinical VF

underwent atrioventricular (AV) junctional ablation; a
ventricular defibrillator was implanted in one, and a mode-
switching dual-chamber pacemaker in the other. No
arrhythmic events occurred during 34- and 35-month
follow-up, respectively. In the other patient, postatrial
fibrillation pauses caused syncope, and he is asympto-
matic 52 months after implantation of a dual-chamber
pacemaker.

Conclusions Rapid atrial rates can trigger VF in some
patients with HCM, probably through a combination
of electrophysiological and ischaemic mechanisms. AV
junctional ablation may prevent VF in selected cases.
(Europace 2000; 2: 327-332)
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Introduction

Syncope and sudden death are common problems in
hypertrophic cardiomyopathy (HCM)!!. The mech-
anisms responsible can be multiple, ranging from
electrophysiological to haemodynamic disturbances?*!.
Multiple electrophysiological abnormalities have been
described in this disease, that could produce syncope or
sudden death, including sinus node dysfunction, atrio-
ventricular (AV) block, supraventricular tachycardia
and ventricular arrhythmias?®!. Patients with HCM have
a tendency to develop polymorphic ventricular tachy-
cardia or ventricular fibrillation (VF) during electro-
physiological testing®!, that could be related to
abnormal conduction in the myopathic myocardium!®".,
There have been isolated reports of the precipitation
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of ventricular tachycardia or fibrillation by atrial
fibrillation or atrial stimulation!>¢-%°1,

The present study describes three patients with HCM
and syncope, in whom polymorphic ventricular tachy-
cardia leading to VF was induced by atrial stimulation.
This was associated in two cases with ventricular elec-
trogram fragmentation at high rates and/or extrastimuli.
In one case, it was a proven cause of clinical syncope,
and was successfully treated by AV junctional ablation.

Case reports

Patient 1

A 54-year-old male with known HCM, on long-term
treatment with propranolol, was evaluated for repetitive
syncope in the previous 2 weeks, unrelated to exercise.
Physical examination disclosed a grade II/VI systolic
murmur. The electrocardiogram (ECG) showed sinus
rhythm and left ventricular hypertrophy. A treadmill
test produced a normal blood pressure and sinus rate
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Figure 1 (a) ECG leads I, II, III and V1, and high right atrium (HRA) electrogram during HRA stimulation at
progressively shorter cycle length (333-272 ms) with 1:1 AV conduction. QRS widening with ST changes herald the
development of ventricular fibrillation (VF). (b) ECG leads I, II, III and V1, and intracardiac recordings from HRA, His
and right ventricular apex (RVA) at the time of development of VF (see a). Ventricular electrogram at His becomes
widened and fragmented (arrowheads) before fibrillation. H-V interval is 70 ms during pacing (basal 50 ms).

response, without clinical or ECG signs of ischaemia.
An echocardiogram demonstrated asymmetrical left
ventricular hypertrophy (septum 20 mm), systolic
anterior movement of mitral valve with mild mitral
regurgitation, and subaortic outflow gradient of
12 mmHg.

Electrophysiological study was performed fasting, and
3 days after stopping propranolol. AH and HV intervals
were normal; corrected sinus node recovery time was
570 ms and atrial pacing revealed 1:1 AV conduction at

Europace, Vol. 2, October 2000

220 beats . min ' (bpm). After 18s at this rate, frag-
mentation of ventricular septal electrogram developed
(Fig. 1) with QRS widening and aberration, leading to a
syncopal polymorphic ventricular tachycardia needing
defibrillation. Atrial fibrillation ensued, with ventricular
rate at 150-160 bpm and no QRS widening. Sinus
pauses of 3-7 s and recurrent atrial fibrillation followed
cardioversion, requiring right atrial pacing and intra-
venous procainamide for sinus rhythm stability. Ven-
tricular stimulation was not performed. The next day,
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Figure 2 ECG leads I, 11, III and V1, and intracardiac recordings from high right atrium (HRA), His (proximal and
distal) and right ventricular apex (RVA) during runs of polymorphic ventricular tachycardia induced by spontaneous

sinus tachycardia in patient 2. His deflection is marked (h).

atrial fibrillation occurred spontaneously, followed by
near-syncopal sinus pauses upon spontaneous termi-
nation. A dual-chamber pacemaker was implanted, and
the patient remains asymptomatic, 4 years later, on
propranolol.

Patient 2

An 18-year-old female with non-obstructive HCM was
studied for episodes of effort-related dizziness progress-
ing to syncope. She had dyspnoea, palpitations and mild
chest pain with mild-to-moderate effort despite 50 mg
atenolol daily. Physical examination disclosed a fourth
heart sound and a II/VI systolic murmur. The ECG
showed sinus rhythm and left ventricular hypertrophy
with incomplete left bundle branch block. Years before,
the ECG had shown prominent septal Q waves.
An echocardiogram disclosed severe asymmetric left
ventricular hypertrophy involving the septum and
anterolateral wall, and normal systolic function. There
was mild systolic anterior movement of the anterior
mitral leaflet, and mild mitral regurgitation.

In hospital, monitoring showed sinus bradycardia
(35 bpm) at rest and marked sinus tachycardia with
rate-dependent left bundle branch block triggered by
emotion or minor effort. Hypotension often occurred
during tachycardia. A tilt test produced sinus tachycar-
dia with left bundle branch block and severe sympto-
matic hypotension. A treadmill test could not be carried
out because she developed sinus tachycardia with
left bundle branch block and hypotension during
preparation.

Electrophysiological study was performed 3 days after
stopping atenolol. Baseline AV conduction was normal
but there was left bundle branch block during atrial
pacing at rates >100 bpm. Spontaneous sinus tachy-
cardia produced left bundle branch block and short runs
of polymorphic ventricular tachycardia (Fig. 2). During
atrial pacing at 130 and 140 bpm, there was 1:1 AV
conduction and runs of non-sustained polymorphic ven-
tricular tachycardia. Atrial pacing at 160 bpm resulted
in VF requiring DC shock. Single atrial extrastimuli
during atrial drive pacing (cycle 600 ms) disclosed no
abnormalities. Both at the right ventricular apex and
outflow tract, single and double extrastimuli produced
marked ventricular electrogram fragmentation with
coupling intervals >250 ms (Fig. 3). Double and triple
extrastimuli triggered non-sustained polymorphic ven-
tricular tachycardia from the right ventricular apex and
VF from the outflow tract. Ventricular fibrillation
was again induced by atrial pacing at 160 bpm after
intravenous infusion of propranolol 0.2 mg . kg~

Spontaneously, 2 days after the procedure, on
atenolol 50 mg daily, emotional sinus tachycardia
resulted in progressive QRS widening leading to VF.
Fibrillation terminated spontaneously after 96 s, leading
to asystole for 10 s, then a slow ventricular rhythm and,
finally, sinus rhythm. The patient lost consciousness
during the event. Radiofrequency ablation of the AV
junction was performed and a ventricular automatic
defibrillator was implanted; the patient remaining
dependent on VVI pacing by the defibrillator (dual-
chamber pacing devices were not available at that time).
During 31 months of follow-up, the patient has not
suffered tachyarrhythmic events.

Europace, Vol. 2, October 2000
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Figure 3 ECG leads I, 11, IIT and V1, and intracardiac recordings from high right atrium (HRA), His (proximal and
distal) and right ventricular (RV) in patient 2. Left panel shows that double extrastimuli at the RV apex (RVA) with
relatively long coupling intervals produce widening and fragmentation of the apical and septal (His) ventricular
electrograms. Right panel shows that a single extrastimulus at the RV outflow tract (RVOT) produced a similar effect.

Ventricular effective refractory period was 250 ms at RVA and 230 ms at RVOT.

Patient 3

A 60-year-old female with non-obstructive HCM,
treated with 100 mg of atenolol daily, came to the
emergency room because of chest paint and atrial fibril-
lation with ventricular rate 180-200 bpm. Physical
examination showed blood pressure 140/80 mmHg and
no heart murmurs. Intravenous verapamil (5 mg) did
not slow heart rate and was followed by VF. After
defibrillation, she remained stable in sinus rhythm. The
ECG showed severe left ventricular hypertrophy. An
echocardiogram disclosed symmetrical left ventricular
hypertrophy (16 mm), mild mitral regurgitation, no left
ventricular outflow gradient and normal atrial size. Six
months previously, a treadmill test showed a normal
heart rate and blood pressure response, and was nega-
tive for myocardial ischaemia. At heart catheterization,
the coronary arteries were normal. The left ventricle was
severely hypertrophic with systolic cavity obliteration.
There was mild mitral regurgitation but no outflow
gradient.

An electrophysiological study was performed 7 days
after stopping atenolol. AV conduction was normal
apart from right bundle branch block due to catheter
manipulation. Atrial pacing at 214 bpm with 1:1 AV
conduction resulted in further QRS widening, followed
by polymorphic ventricular tachycardia and VF (Fig. 4).
Up to three extrastimuli during three differing ventricu-
lar paced rates at the right ventricular apex and the
outflow tract failed to induce ventricular arrhythmias.

Europace, Vol. 2, October 2000

AV nodal conduction was interrupted by radiofrequency
ablation, and a dual-chamber pacemaker with automatic
mode switch was implanted. After 30 months of follow-
up, the patient is mildly symptomatic with exertional
chest pain, on treatment with atenolol. There have been
no further episodes of atrial fibrillation.

Discussion

These observations in three patients illustrate an
unusual, albeit previously described**%1% arrhyth-
mogenic mechanism capable of causing sudden death in
HCM. In all three of these patients, a supraventricular
tachycardia induced polymorphic ventricular tachy-
cardia and VF. In one patient, this was only precipitated
during electrophysiological study, and the symptoms
that appeared to be related to bradycardia were treated
successfully with a DDD pacemaker. However, in the
other two patients, there was spontaneous clinical docu-
mentation of the event, during sinus tachycardia in
patient 2, and after verapamil administration for rapid
atrial fibrillation in patient 3. Therapeutic interruption
of AV conduction resulted in lack of recurrence of
ventricular arrhythmia in both. Findings during electro-
physiological study were very similar in all three cases.
Rapid AV conduction resulted in QRS widening fol-
lowed by polymorphic ventricular tachycardia and VF.
Rapid atrial rates resulted in a severe disturbance in
intraventricular conduction, leading to disorganization
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Figure 4 ECG lead V1 and intracardiac recordings from high right atrium (HRA) and His during atrial
stimulation with 1:1 atrioventricular conduction, cycle length 280 ms, inducing polymorphic ventricular
tachycardia and ventricular fibrillation in patient 3. Note QRS widening in the last conducted beats preceding

polymorphic ventricular tachycardia.

of ventricular rhythm, an unusual event except in Wolff-
Parkinson-White syndrome, where extremely fast
ventricular rates are possible in atrial fibrillation!".
Supraventricular tachycardias are common in
HCM!"?> ' and several factors may make these patients
susceptible to VF in the absence of pre-excitation:
(1) abnormal conduction in myopathic myocardium;
(2) a ‘superconductor’ AV node; and (3) haemodynamic
instability with myocardial ischaemia. Intraventricular
conduction disturbances are frequent in HCM, and
some conduction abnormalities are peculiar to this dis-
ease. The abnormally deep Q waves commonly seen in
HCM, often attributed to septal hypertrophy, tend to
decrease in size or disappear with atrial pacing or atrial
extrastimuli’®. Inhomogeneous ventricular refractori-
ness has been described, as well as marked fragmen-
tation of ventricular electrograms by extrastimuli,
especially in patients with a history of resuscitated
sudden death or VFI®716 Another manifestation of
abnormal intraventricular conduction may be the easy
induction of polymorphic ventricular tachycardia with
programmed ventricular stimulation®'”!, a phenomenon
also related to a history of cardiac arrest™*®!. In keeping
with this mechanism is the demonstration in two of the
present cases of marked fragmentation of ventricular
electrograms during rapid regular atrial pacing (patient

1) or ventricular extrastimuli with relatively long
coupling intervals (patient 2).

A ‘superconductor’ AV node is relatively common in
HCMP!. In the presence of supraventricular tachycardia,
this may result in very fast ventricular rates, capable of
precipitating abnormal intraventricular conduction.
Patients 1 and 3 did have 1:1 AV conduction at rates
above 200 min ~ ', and one of them developed VF during
rapidly conducted atrial fibrillation.

Other authors have attributed VF to hypo-
tension and/or ischaemia during supraventricular tachy-
cardial*®3%18 and an abnormal blood pressure response
during exercise has been related to the risk of sudden
death!"!. Intraarterial pressures were not monitored in
the present study, and hypotension can not be ruled out;
however, pacing runs were probably too short to pro-
duce significant ischaemia. Furthermore, patient 2
showed fragmentation of ventricular electrograms and
VF with relatively late extrastimuli; a situation unlikely
to produce ischaemia. On the other hand, in patient 3,
in whom clinical VF was precipitated by verapamil
infusion, it is possible that hypotension played a role.

An interesting clinical consequence of these obser-
vations is the possible benefit of AV junctional ablation
to prevent ventricular arrhythmia episodes (and perhaps
hypotension) in selected patients with HCM and a

Europace, Vol. 2, October 2000
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history of syncope or aborted sudden death. Electro-
physiological study protocol in these patients should
include incremental atrial pacing, and perhaps induction
of atrial fibrillation. The prevention of fast AV conduc-
tion, even at the cost of AV dissociation, completely
abolished syncopal episodes and ventricular arrhythmias
in patient 2, and may have contributed to the stable
clinical course in patient 3. In some of these patients, AV
junctional ablation could make implantation of an
automatic defibrillator unnecessary, or at least prevent
unncessary discharges, if defibrillator implantation is
considered safer. Along these lines, it could also be
considered that control of AV conduction with amio-
darone might be useful in selected patients. In patients
2 and 3, it was considered that AV ablation offered
a better guarantee in view of the clinical presentation
with VF.
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