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Co-existence of nonbradycardia-dependent ventricular
tachycardia with advanced infraHisian block
U. KAUL, V. DEV, J. NARULA, A. MALHOTRA, M. L. BHATIA

ABSTRACT
Eighty-four consecutive patients were evaluated for
syncope in our arrhythmia clinic and of these five patients
(age range 54 to 70 years, average 60A years) were found
to have co-existing non bradycardia-dependent sustained
monomorphic ventricular tachycardia and severe His
Purkinje disease in the form of high grade atrioventricular
blocks. Both the arrhythmias were identified by Holter
monitoring in three patients and by detailed electro-
physiological studies in the other two. Both arrhythmias
could have independently caused the symptoms in these
patients. The common symptoms in all the patients were
the presence of old myocardial infarction, intraventricu-
lar conduction defects and poor left ventricular function
(ejection fraction <40%). All patients required perma-
nent pacemakers and anti-arrhythmic drug therapy for
control of their symptoms.

Multiple serious arrhythmias may co-exist in
symptomatic patients especially in the milieu of poor left
ventricular function and intraventricular conduction
defects. A complete evaluation should be carried out even
if one possible cause for arrhythmia is identified. The
symptoms may persist or even worsen if only one arrhyth-
mia is treated.

INTRODUCTION
Ventricular tachycardia (VT) and bradyarrhythmias may
co-exist in a number of situations. A bradyarrhythmia
may initiate VT by prolongation of the QT interval' or by
a re-entry originating in the competitive escape foci
(bradycardia-dependent tachycardia). 2 Tachycardias may
overdrive diseased pacemaker cells (sick sinus syndrome)
or a diseased conduction system and bradycardias may
ensue on cessation of the tachycardia (tachycardia-
induced bradycardiasj.s-' The treatment for tachyar-
rhythmias may precipitate brady arrhythmias (anti-
arrhythmic drugs inducing high grade atrioventricular
block)" or vice versa (pacemaker-mediated tachycar-
diasj.> In addition to these situations, in certain disease
states, the pathological substrate for initiation of both VT
and bradyarrhythmias may co-exist resulting in both
malignant ventricular tachyarrhythmias and severe high
grade atrioventricular block (AVB). Both these
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arrhythmias may be responsible for the symptoms of such
patients. In this report we describe five such patients who
were found to have documented evidence of the co-exis-
tence of nonbradycardia-dependent VT and high grade
atrioventricular block.

MATERIALS AND METHODS
Between July 1983 and October 1986 five of the 84
patients evaluated for syncope in our arrhythmia clinic
(four males and one female; age range 54 to 70 years;
mean ±S.D. 60A±6.1 years) were identified to have co-
existence of a non bradycardia-dependent VT and inter-
mittent high grade AVB. High grade AVB was defined as
complete heart block or Mobitz type II second degree
AVB.

Syncope was defined as a sudden transient loss of con-
sciousness associated with an inability to maintain post-
ural tone. Three ofthese patients presented with episodes
of syncope with documented VT on electrocardiography.
The other two patients presented with recurrent syncope
of 'unknown origin' which could not be identified by con-
ventional cardiovascular and neurological investigations.

All the patients underwent standardized basic evaluation
which has been described in detail earlier. 6 It consisted of
a complete history, physical examination and baseline
laboratory biochemical evaluation. All the patients were
monitored electrocardiographically by the Holter
technique for at least 48 hours.

Electrophysiological studies (EPS) were done in
patients in whom prolonged electrocardiographic
monitoring did not reveal the complete range of rhythm
disturbances. Our EPS protocol (described previously')
consisted of recording of the baseline Atrium to bundle of
His (A-H) and bundle of His to Ventricle (H-V) intervals
and evaluation of the function of the sinus node by the
techniques described by Narula et al.' Sinoatrial conduc-
tion time was determined by both the extrastimulus" and
overdrive techniques." Atrioventricular nodal and
infranodal conduction were assessed during overdrive
pacing of the right atrium at cycle lengths ranging from
700 to 300 msec. Attempts to induce supraventricular
tachycardia were made by sequentially scanning diastole
with single or double atrial extrastimuli during normal
sinus rhythm and during atrial pacing at a cycle length of
500 msec. This was followed by attempts to induce VT at
the right ventricular (RV) apex by scanning diastole with
single or double extrastimuli at twice the diastolic



KAUL, DEV, NARULA, MALHOTRA, BHATIA: NONBRADYCARDIA-DEPENDENT VT .. 177

threshold and during ventricular overdrive pacing at a
cycle length of 500 msec. If this failed to induce VT the
procedure was repeated at five times the diastolic
threshold. If no VT was induced, the procedure was
repeated with the catheter positioned in the RV outflow
tract. Sustained VT was defined as VT that lasted at least
30 seconds or required electrical cardioversion. Non-sus-
tained VT was defined as VT lasting for more than 10
beats. VT stimulation was not done in the patients who
had recurrent spontaneous VT requiring electrical cardio-
version.

Ajmaline Stress Test
At the end of the stimulation protocol one mg per kg
ajmaline was administered intravenously over a period of
five minutes to stress the His bundle. The His bundle elec-
trogram was recorded at intervals of one minute for 15
minutes followed by repeat overdrive pacing of the right
atrium at cycle lengths of 700 to 300 msec so as to produce
an infraHisian block. These studies were all performed in
fasting patients who were not given any premedication.
Patients were off anti-arrhythmics and digoxin for at least
five half-lives before the study.

Case 1:A 55 year old male, diagnosed to have coronary
artery disease (CAD) with an anterolateral myocardial

FIG. l(a). Case I: Programmed electrical stimulation of right
ventricular apex. Sustained monomorphic ventricular
tachycardia induced by 2 extrastimuli at twice diastolic
threshold.
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FIG. l(b). Case 1: Ajmaline stress test. 1 rug/kg Ajmaline given
intravenously over five minutes, induced (8) 2: 1 H-V block
followed by complete infraHisian block (c).

infarction (MI), presented with four episodes of syncope
of unknown origin. His basal electrocardiogram (ECG)
showed findings of right bundle branch block (RBBB)
and left axis deviation (LAD). His left ventricular ejec-
tion fraction (L VEF) by radio nuclide ventriculography
was 39%. Basic cardiovascular and neurological investi-
gations, including Holter monitoring for 48 hours, did not
reveal any cause for the syncope. On EPS his H-V inter-
val was 45 msec and sinus node functions were normal.
During programmed electrical stimulation two extra-
stimuli at twice diastolic threshold delivered at the RV
apex initiated a sustained monomorphic VT requiring car-
dioversion (Fig. la). The Ajmaline stress test induced a
2 : 1 H- V block followed by complete infraHisian block
(Fig. Ib). After 48 hours drug testing using intravenous
procainamide (500 mg over 30 minutes) prevented the
induction of ventricular tachycardia without producing
H-V block. A non-programmable VVI permanent
pacemaker was implanted in the patient and he was put
on oral procainamide. He has been asymptomatic for the
last 18 months.

Case 2: A 58 year old patient with CAD, old extensive
anterior NlI and LV dysfunction (LVEF 30%), presented
with three episodes of syncope of unknown origin. His
basic cardiovascular and neurological evaluation includ-
ing prolonged ECG monitoring did not reveal any cause for
the syncope. On EPS he was found to have an H-V inter-
val of75 msec and normal sinus node functions. EPS using
two stimuli at twice the diastolic threshold delivered from
the RV apex initiated a sustained monomorphic VT. The
Ajmaline stress test induced a prolongation of the H-V
interval followed by a 2: 1 infraHisian block. On the basis
of chronic electropharmacological testing the patient was
started on mexilitine and a multi-programmable VVI
pacemaker was implanted in him. The patient is
asymptomatic after 13 months of follow up. Inhibition of
the pacemaker during follow up has not shown evidence
of high grade A VB.

Case 3: A 70 year old woman, suffering from CAD, old
MI and left ventricular failure (L VEF 20%), presented
with frequent episodes of palpitations and two episodes of
syncope during the previous three months. During one of
the episodes of palpitations she was documented to have
sustained monomorphic VT. The ECG, on two different
occasions, showed evidence of alternating right and left
bundle branch block (LBBB). In addition, monitoring
showed long runs of VT which required electrical cardio-
version on two occasions because of : accompanying
hypotension and dizziness. On EPS, her HV interval was
found to be 90 msec and alternating LBBB and RBBB
were confirmed. The Ajmaline stress test was not per-
formed. The patient was given a multi-programmable
VVI permanent pacemaker and put on flecainide as the
arrhythmia did not respond to conventional anti-
arrhythmic agents. The patient was re-admitted after two
months with acute myocardial infarction and died of
cardiogenic shock.

Case 4: A 54 year old patient, with CAD, old anterior
wall MI, RBBB with LAD and poor LV function (LVEF
35%), presented with frequent episodes of syncope and
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documented monomorphic VT on ECG. Holter monitor-
ing for 48 hours revealed episodes of VT and intermittent
2 : 1AVB. In view of the complete documentation of the
arrhythmias by Holter monitoring EPS was not performed.
The patient was given a VVI multi-programmable perma-
nent pacemaker and the VT was controlled by a combina-
tion of mexilitine (600 mg/day) and amiodarone (200 mg/
day). The patient is asymptomatic after five months and
serial ECGs taken during pacemaker inhibition have
shown a spontaneous 2: 1 block.

Case 5: A 65 year old patient, with CAD, old anterior
MI and poor LV function (LVEF 27%), presented with

FIG. 2. Case 5: Holter monitoring. ECG during episodes of syn-
cope shows non-sustained ventricular tachycardia followed
on its cessation by 2: 1 atrioventricular block.

FIG. 3. Case 5: Repeat Holter monitoring shows a symptomatic
episode of complete heart block and long period of ventricu-
lar asystole.

TABLE 1. Clinical and electrophysiological findings
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episodes of documented recurrent VT on ECG. His coro-
nary angiogram done earlier had shown a considerably
diseased left anterior descending and right coronary
arteries. His basal ECG at the time of presentation
showed LBBB and LAD with frequent episodes of non-
sustained VT. His 24 hour Holter monitoring during
episodes of dizziness revealed self-terminating monomor-
phic VT followed by episodes of 2 : 1 AV block (Fig. 2)
and a repeat Holter record revealed one episode of com-
plete heart block with regular P waves and long periods of
ventricular asystole (Fig. 3). The patient had a black-out
during this episode. EPS was not done as the causes of
syncope were clear from the Holter monitoring. A multi-
programmable WI permanent pacemaker was implanted
and he was started on procainamide. He has been
asymptomatic for three months. Repeat Holter shows
only isolated ventricular ectopics, and inhibiting the
pacemaker demonstrates that he is fully dependent on it.

DISCUSSION
The incidence of multiple co-existent arrhythmias in
patients presenting with syncope is not known. In this
report we describe five patients who had co-existent sus-
tained ventricular tachycardia and intermittent high grade
AVB. All our patients had underlying CAD, old MI,
intraventricular conduction defects, and impaired left
ventricular function (LVEF <40%). Under these cir-
cumstances the patients may have the anatomical and
electrophysiological substrates capable of sustaining
re-entrant ventricular tachycardia. The associated con-
duction defects in these patients indicate advanced infraHi-
sian disease, which could have been independently
responsible for the spontaneous or induced high grade
AVB.

Recurrent sustained monomorphic VT occurred spon-

\
Case and Age Type of

IVCD
H-V Interval (msec) Follow upDocumented

Arrythmia
Induced
Arrythmia

Treatment

Before
Ajmaline

After
Ajmaline

4 110 CHB PPI 18 months
mVT PCN Asymptomatic
2: 1 H-V PPI 13 months
Block MEX Asymptomatic
VT

PPI Expired"
FLEC

1. M (55)

2. M (58)

4. M (54)

RBBB NSmVT

IVCD Nil

Alternating Recurrent
RBBBand mVT
LBBB Alternating

RBBBand
LBBB

RBBB Recurrent
mVT

LBBB Recurrent
mVT

90

70

3. F (70)

5. M (65)

220

PPI
AMIO
MEX
PPI
PCN

5 months
Asymptomatic

5 months
Asymptomatic

• Patient had a repeat acute myocardial infarction 2 months later and died of cardiogenic shock.

IVCD: intra-ventricular conduction defect. RBBB: right bundle branch block. LBBB: left bundle branch block. LAH: left anterior hemiblock. mVT: monomorphic
ventricular tachycardia. NSmVT: non-sustained monomorphic ventricular tachycardia. CHB: complete heart block. PPI: permanent pacemaker implantation.
PCN: proeainamide. AMIO: amiodarone. MEX: mexilitine. Flee: flecainide.
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taneously in three of these patients and in two patients,
who presented with syncope of unknown origin (Table I),
VT (monomorphic and sustained) was induced by prog-
rammed electrical stimulation in the electrophysiology
laboratory. In patients with old MI and syncope, inducea-
bility of a sustained monomorphic VT, especially with a
less aggressive protocol (like the one used in this study), is .
known to have a high degree of concordance with clinical
occurrence of the arrhythmia. 10

All the patients studied had evidence of intraventricu-
lar conduction defects. In those with syncope and
intraventricular conduction defects the incidence of inter-
mittent complete heart block was 17% to 34% .4,11,12Two
patients (nos. 4 and 5) presented with 2: 1 A VB and long
periods of ventricular asystole. In two patients with basal
H-V intervals of 45 msec and 70 msec, intravenous
ajmaline induced high grade infraHisian block. The
advantages of ajmaline in this regard have been reported
earlier by US6,13as well as by other investigators.l+"
According to these reports induction of high grade A VB
by ajmaline in patients with intraventricular conduction
defects and syncope has a high predictive value for clinical
occurrence of intermittent high grade A VB, though the
exact sensitivity and specificity of this modality needs to
be determined by larger studies. The lone patient in
whom there is no documentation of high grade AVB had
alternating LBBB and RBBB with an H-V interval of 90
msec suggesting advanced infraHisian disease and a prop-
ensity for high grade A VB. Her LVEF was only 21% and
the Ajmaline stress test was not performed in view of a
reported high risk in using this drug in the presence of
severe left ventricular dysfunction. 16Except for one who
died of cardiogenic shock following acute MI, all the
patients in whom permanent pacemakers were installed in
addition to their being given anti-arrhythmic drugs are
doing well. However, a spontaneous remission of syncope
cannot be ruled out because of the short follow up period.

Multiple electrophysiological abnormalities have been
reported in symptomatic patients with syncope'<" espe-
cially in the milieu of left ventricular dysfunction. Most of
these reported abnormalities consisted of co-existent
inducible VT with prolonged H- V intervals, 17,18sick sinus
syndrome with prolonged H- V intervals, 19,20or atrioven-
tricular block of varying severity" or VT,2° and supraven-
tricular tachycardia with VT.21 The co-existence of high
grade A VB and sustained ventricular tachycardia (spon-
taneous or induced) has not been highlighted in these
reports. The co-existence of these arrhythmias in these
patients is interesting since both of them could be the
cause of their symptoms, and for effective management
both arrhythmias need to be treated. The co-existent
arrhythmia in the report was identified by prolonged
ambulatory monitoring in three of the five patients, high-
lighting the usefulness of this technique in evaluating
patients with syncope.

Patients with syncope may have co-existing malignant
ventricular tachyarrhythmia and intermittent high grade
A VB. Meticulous and complete investigations which may
require repeated ambulatory monitoring and detailed

electrophysiological studies are important for both the
diagnosis and subsequent management of these patients
and a complete evaluation must be carried out even if one
possible causative arrhythmia for the patients' symptoms
has been identified.
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