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Accelerated idioventricular rhythm of infundibular
origin in patients with a concealed form of
arrhythmogenic right ventricular dysplasia
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SUMMARY Five apparently healthy people (aged 16-47) presented with recurrent episodes of
accelerated idioventricular rhythm characterised by left bundle branch block and right axis
deviation. Clinical history, physical findings, basic electrocardiogram, chest x ray, and blood tests
were within normal limits in all. Holter monitoring, exercise stress test, and electrophysiological
study (in three patients) showed that accelerated idioventricular rhythm was mainly bradycardia
dependent, easily suppressed by effort and overdrive pacing, and originated from the outflow tract
of the right ventricle. The mechanism could be enhanced automaticity. Data from cross sectional
echocardiography (in all patients) and from haemodynamic evaluation (in three) identified
structural or wall motion abnormalities ofthe right ventricle or both without appreciable dilatation
ofthe ventricle. Biopsy specimens ofthe right ventricular endomyocardium showed fibrosis in one
patient, fibrosis and fatty infiltration in the second, and pronounced fatty infiltration in the third.
These results show that some patients with accelerated idioventricular rhythm have right

ventricular abnormalities that are typical of the localised and concealed forms of arrhythmogenic
right ventricular dysplasia.

Intermittent ectopic idioventricular rhythms at rates
of between 40 and 120 beats per minute have been
described as accelerated idioventricular rhythms.'2

Accelerated idioventricular rhythm is common in
patients with acute myocardial infarction.'"5 Other
conditions causing this arrhythmia include myocar-
ditis, digitalis intoxication, and congenital atrioven-
tricular block.'367 The configuration of the QRS
complex during accelerated idioventricular rhythm
may be that of either a right bundle branch block or
(more often) a left bundle branch block."' Enhanced
automaticity' or parasystole8 have been suggested as
possible mechanisms for the arrhythmia. In young
people accelerated idioventricular rhythm is rare,
and to date there is no correlation established with
any well known cardiac pathology.'289
We report five apparently healthy people present-
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ing with accelerated idioventricular rhythm charac-
terised by left bundle branch block and right axis
deviation in whom we found right ventricular
abnormalities.

Patients and methods

Five patients (four men and one woman; mean age 26
(range 16-47)), were examined because they had
accelerated idioventricular rhythm characterised by
left bundle branch block and right axis deviation.
None was taking any drug. All were assessed by
clinical history, chest x ray, blood tests, 24 hour
continuous electrocardiographic (Holter) monitor-
ing, and symptom limited exercise stress testing (on a
bicycle ergometer with standard protocols). We
performed vectorcardiography on all five patients
during the arrhythmia (in the supine position), with a
Fukuda VA-3G instrument, using the Frank Lead
system and dash time interval of2 ms. Three patients
were examined in an electrophysiological and
haemodynamic- angiographic study and by right
ventricular endomyocardial biopsy.
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Accelerated idioventricular rhythm
Cross sectional echocardiographic images were

recorded in all patients on a Hewlett-Packard system
and with a 2-5 or 3-5 MHz transducer. Images were

obtained in multiple standard views: parasternal,
long and short axis; apical, four and two chamber (left
and right); and subcostal, four chamber and short
axis. Subjects were imaged in either the supine or left
lateral recumbent position. The images were

examined by two observers for regional wall motion
or structural abnormalities of the right and left
ventricles or both."'" The right ventricular volume
(corrected by the regression equation, according to
age and body surface area) was calculated by an area-

length method derived from orthogonal planes
(apical four chamber and long axis views). A modified
Simpson's rule was used to calculate left ventricular
volumes from the parasternal short axis and apical
two chamber views. The ejection fraction of both
ventricles was derived as: EF = EDV - ESV/EDV,
where EF is the ejection fraction and EDV and ESV
are end diastolic and end systolic volumes respec-

tively. Infundibular diameter was determined from
the parasternal short axis view of the aortic root. The
right ventricular outflow tract was measured from
this view as the maximum dimension between the
anterior aortic wall and the endocardium of the free
wall of the right ventricle.'2
A haemodynamic-angiographic examination and

right ventricular endomyocardial biopsy were per-

formed in the three patients who agreed to the
procedure. Haemodynamic study included left and
right ventricular angiography, coronary arterio-
graphy, and the recording of pressures in various
cavities. Angiocardiograms of the right ventricle
were obtained in posteroanterior, lateral, and long
axis (oblique right and left anterior) projections, for
better definition of the infundibulum and pos-

terobasal wall. The angiocardiograms of the left
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ventricle were performed in the 300 left anterior
oblique and right anterior oblique projections. We
calculated right ventricular volumes from biplane
angiocardiography, using anteroposterior and lateral
views (area-length method).'1'6 and left ventricular
volumes from monoplane cineangiography using 300
right anterior oblique view.'5 The measured volumes
were corrected with a regression equation according
to age and body surface. The motion of the right
ventricular wall was analysed on the anterior and
posterior silhouettes of the infundibulum and on the
posterobasal and apical regions. Finally, the
trabecular framework was carefully examined.'6
Biopsy specimens of the right ventricular
endomyocardium were obtained via the right femoral
vein by a standard technique."'9 Six biopsy
specimens (1-3 mm each), taken from the inter-
ventricular septum in each patient, were fixed in
formalin, mounted in paraffin wax, and stained with
haematoxylin-eosin and azan-Mallory.

Patients 1, 2, and 3 were also studied electro-
physiologically; real time records were obtained with
an ink jet recorder (Siemens-Elema, Mingograph)
with a filter setting of 50-70 Hz for the intracavitary
electrocardiograms, at a paper speed of 100 mm/s.
Basic conduction (PA, AH, HV) intervals were

measured. The right ventricular endocardium was

accurately mapped to localise the origin and the
successive spread of the accelerated idioventricular
rhythm, and to detect late fractionated potentials of
QRS. Stimulation was performed with a custom-
designed, multiprogrammable stimulator (PPS 500,
Medico Italy) with a constant current source and
rectangular impulse of 1 ms duration delivered at
twice diastolic threshold.
The following protocol was then used to

precipitate ventricular arrhythmias, to evaluate the
entire conduction system, and to reproduce the

Table 1 Clinical data and results of chest x ray, electrocardiogram, and exercise stress test in thefive patients

Case I Case 2 Case3 Case4 CaseS

Age 47 16 21 35 16
Sex F M M M M
Follow up (years) 10 2 5 2 2
Symptoms P, S P P P P
CT index 0-45 0-53 0-50 0-48 0-45
Inverted T waves* VI, V2, V3 - Vi Vi -

AIR:
RR interval 1040 640 840 1000 1000
aQRS +110 +110 +110 +110 +110
QRS configuration LBBB LBBB LBBB LBBB LBBB
QRS configuration in Vl qrS rS rS rS rS

Exercise test:
Maximal HR 160 170 190 160 180
Double product (HR x BP) 25600 23800 32800 27200 28700

Suppression ofAIR at rate: 75 98 102 90 70

AIR, accelerated idioventricular rhythm; BP, blood pressure; CT, cardiothoracic ratio; HR, heart rate; LBBB, left bundle branch block;
P, palpitation; S, syncope.
*On basic electrocardiogram.
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electrocardiographic configuration of the clinical
accelerated idioventricular rhythm.
(a) Atrial and ventricular pacing at progressively
shorter cycles;
(b) premature atrial and ventricular stimulation dur-
ing sinus rhythm (the entire cycle was scanned to the
point of atrial and of ventricular refractoriness);
(c) Premature atrial and ventricular pacing (S2)
during atrial and ventricular pacing with a drive cycle
length (Si-Si) of 500 and 700 ms;
(d) Double ventricular stimuli (S2-S3) at progres-
sively shorter coupling intervals, during ventricular
pacing. S1-S2 was set 50 ms greater than the
ventricular refractory period at a given cycle length.
(e) Pacing of different sites of the right ventricle
(inflow, apex, septum, outflow) was used in an
attempt to reproduce the electrocardiographic con-
figuration of the patient's arrhythmia.

Results

Clinical, haematological, and radiological data. All
patients had palpitation and in one there was syncope
(of-doubtful origin) (case 1). Mean follow up, after
the detection of the arrhythmia was 4-2 (range 2-10)
years. Only patient 1 was treated (successfully) with
antiarrhythmic drugs (disopyramide 800 mg/day).
Haematological data were all normal. Chest x rays
showed a cardiothoracic index < 0-53 in all.

BASIC ELECTROCARDIOGRAM,
VECTORCARDIOGRAM, EXERCISE STRESS TEST,
AND HOLTER MONITORING DATA (TABLE 1)
All patients had normal atrioventricular and
intraventricular conduction. We found inverted T
waves in V1-V3 in case 1 and in VI in cases 3 and 4.
No late potentials were detectable on the surface
electrocardiogram. Accelerated idioventricular
rhythm had a left bundle branch block configuration
and a QRS axis of approximately + 110° in all
patients. In Vi four patients had an rS pattern and
one (case 1) a qrS pattern (fig 1). The diagrammatic
representation of the vector loops were inscribed in a
clockwise direction in the frontal plane; in the
horizontal plane the initial forces had a clockwise
direction, and were followed by counterclockwise
rotation; the spatial loop was directed inferiorly and
posteriorly. The initial QRS showed considerable
slurring in all, and in four (except case 1) this
complex was directed anteriorly (fig 2). The
accelerated idioventricular rhythm was iterative in
four and almost incessant in one (case 2). The cycle
length of the accelerated idioventricular rhythm in
the five patients varied from 1040 to 640 ms. In two
patients the cycle length varied by 50-200 ms in
different episodes. The duration of the coupling
interval with the preceding sinus beat ranged from
560 to 1480 ms; there were minor variations in the
individual patients (40-80 ms) in successive
episodes.

I11 III
II.t M~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

aVR aVL aVF

C~~~ii *'X

VI V2 V3 V4 V5 V6

Case

Case

3

Fig Twelve lead electrocardiogramsfrom patients 1, 2, and 3 during accelerated idioventricular rhythm.

There is left bundle branch block and right axis deviation shown in all. Patients 1 and 3 have an rSpattern in

VI indicating the posterior origin of the arrhythmia.

Case
2
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Fig 2 Right ventricular endocavitary mapping (a, b) and vectorcardiogram (c) ofpatient 2. (a) Right ventricular
activation pattern during accelerated idioventricular rhythm constructedfrom data are derivedfrom the endocavitary
electrocardiographic recordings (b) obtained during the accelerated idioventricular rhythm. Activation began posteriorly in the
outflow tract of the right ventricle. The vector loops (c) (F,frontal, H, horizontal, LS, left sagittal) correlated well with the
electrophysiologicalfindings.

In all patients the accelerated idioventricular
rhythm was suppressed when the sinus pacemaker
accelerated. During the exercise stress test the arr-

hythmia progressively disappeared in all at a mean
sinus frequency of 85 beats per minute. All patients
had a normal effort tolerance and none developed
major arrhythmias or ST segment alterations.

CROSS SECTIONAL ECHOCARDIOGRAPHY
Cross sectional echocardiography showed right ven-
tricular dilatation in three out offive patients (cases 2,
3, and 4) with a reduced ejection fraction in case 2.
The right ventricular outflow tract was dilated in
cases 2, 3, and 4. Abnormal regional wall motion or
structural alterations or both were detectable in all
(see table 2 and fig 3). The left ventricle and the four
valves were normal in all.

ELECTROPHYSIOLOGICAL DATA

In three patients (case 1, 2, 3) basic conduction
intervals and refractory periods were normal; no late
potentials were detectable in the right ventricle.
Accelerated idioventricular rhythm was easily sup-

pressed by atrial and ventricular overdrive pacing.
Right ventricular mapping and pacing located the
origin of accelerated idioventricular rhythm in the
outflow tract, posterior ventricle in patients 2 and 3
(fig 2), and anterior ventricle in patient 1. Accelerated
idioventricular rhythm or other arrhythmias could
not be induced by the above techniques or extra-
stimuli.

HAEMODYNAMIC DATA
The right ventricle was enlarged in two (cases 2 and
3) of the three patients examined (end diastolic
volume = 149 and 122 ml/m2 respectively) with an

ejection fraction of 44 and 52% respectively (fig 4).
The right ventricular outflow tract was enlarged and
the trabecular framework was abnormal in both;
there was bulging of the inferior wall in patient 2 and
of the lateral wall in patient 3. Both patients also had
abnormal regional wall motion (table 2). The third
patient (case 1) had an end diastolic volume and
ejection fraction of 70 ml/m2 and 55% respectively;
there was apical hypokinesia, slightly abnormal
trabeculae, and bulging of the superoanterior right
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Table 2 Right ventricular angiographic, cross sectional echocardiographic, and histological data

Case I Case 2 Case3 Case4 Case 5

Angiography:
RV EDV (mI/rm) 70 149 122
RV EF 55% 44% 52%
RV structural e(mild) e e
Abnormalities RVOT =d RVIT = d LW = d
RVRWMA RVIT = a RVIT = a,b A:b
RVbiopsy Fatty Mild Fibrosis and

infiltration fibrosis fatty infiltration
Cross sectional echocardiography:
RV EDV (ml/m2) 68 135 115 89 66
RV EF 60% 48% 55% 61% 63%
RVOT diameter

(normal < 2-5cm) 2 3-1 2.8 3-6 2-1
RV structural e(mild) e e f
Abnormalities RVOT = d RVIT = d LW = d
RVRWMA RVIT = a RVIT = a,b A = a,b RVIT =d A = a

RV, right ventricular; RV EDV, right ventricular end diastolic volume (normal value = 81 (12.3) ml/m'); RV EF, ejection fraction
(normal value 51 (8)14; RV RWMA, right ventricular regional wall motion abnormalities. Right ventricle was divided into four regions: A,
apex; LW, lateral wall; RVOT, right ventricular outflow tract; RVIT, right ventricular inflow tract.
List of RV RWMA and RV structural abnormalities: (a) hypokinesia; (b) akinesia; (c) systolic dyskinesia; (d) diastolic bulging;
(e) derangement of the trabecular framework and papillary muscles; (f) altered echogenicity and nodulation of the moderator band.

ventricular wall. The left ventricle and coronary
arteries were normal in all.

ENDOMYOCARDIAL BIOPSY OF THE RIGHT
VENTRICLE
There was pronounced fatty infiltration with
myocardial atrophy in patient 1 (fig 5), mild fibrosis
in patient 2, and fibrosis with mild fatty infiltration in
patient 3.

Discussion

Accelerated idioventricular rhythm occurs in 12-
30% of patients with acute inferior myocardial
infarction. It is often seen in the first 12 hours, occurs

.. ............
.. .... ... .. , ~~ ~~~......i, ..

. _~~~~~~~.

Fig 3 The electrocardiogram ofpatient 3 during an
initiating episode of accelerated idioventricular rhythm. An
apicalfour chamber cross sectional echocardiographic view of
the same patient showing sacculation of the lateral wall of the
right ventricle and apical akinesia (see arrows).

intermittently for a few hours thereafter, and usually
resolves after 24 hours.' '3
The arrhythmia has also been found in other heart

diseases,'367 but has been rare when there is no
definite cardiac abnormality. We know of few

Fig 4 End diastolic, right anterior oblique (long axis) view
ofa right ventricular angiogram (patient 2). The right
ventricular chamber is slightly dilated (volume 149 ml/m',
ejectionfraction 44%) and there isfissuring of the
anterolateral wall.
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Fig 5 (a) Endomyocardial biopsy specimens of the right ventricular septum (patient 1). Tissue in three of the six was
almost entirely adipose. Haematoxylin-eosin, original magnification x 10. (b) The myocardium was slightly sclerotic and
infiltrated by adipocytes. Haematoxylin-eosin, original magnification x 48.

previously reported idiopathic cases in young healthy
people.""89 There is little published information on
basic electrocardiography and the QRS configura-
tion in accelerated idioventricular rhythm. Also
echocardiographic and angiographic study is limited
and the right ventricle, in particular, has not been
fully studied in these patients.

All our patients showed a QRS configuration
consistent with left bundle branch block and right
axis deviation. The accelerated idioventricular
rhythm seemed to be bradycardia dependent; it
began as an escape rhythm, with different coupling
intervals, and it always ended spontaneously after
overdrive suppression by sinus rhythm. The RR
intervals were uniform during each episode but
accelerate or slow in subsequent episodes, suggesting
a sympathetic or parasympathetic influence on the
ectopic focus. Accelerated idioventricular rhythm
always disappeared during effort when a critical rate
(usually 75-102/min) was reached. The rhythm was
not inducible nor was it accelerated by electro-
physiological techniques. All the above patterns were
typical of an ectopic automatic rhythm without
parasystole and reentry.

Standard electrocardiography, vectorcardio-

graphy, and endocardial mapping during the electro-
physiological study showed that the accelerated
idioventricular rhythm originated in the right ven-
tricular outflow tract (figs 1 and 2). In all our patients
data from the cross sectional echocardiography and
haemodynamic-angiographic studies excluded
valvar, left ventricular, and coronary heart diseases
and showed structural or wall motion abnormalities
ofthe right ventricle or both. Endomyocardial biopsy
specimens showed fibrosis and/or fatty infiltration,
particularly in case 1 (fig 5).
These alterations may be associated with minor

concealed forms of arrhythmogenic right ventricular
dysplasia.'722 This disease has many forms-from a
generalised involvement of the entire ventricle2125
with global dilatation, altered haemodynamic func-
tion, and reduced ejection fraction, to mild focal
lesions characterised by an almost normal clinical
picture and normal features on invasive and non-
invasive investigation.""720"" Only a careful
examination ofthe right ventricle, with endomyocar-
dial biopsy in selected cases, can detect structural
and/or regional wall motion abnormalities, which
might represent a forme fruste of the condition.

Right ventricular dysplasia should always be
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suspected in patients with ventricular arrhythmia
(sustained and transient ventricular tachycardia,
couplets, isolated premature ventricular complexes)
when left bundle branch block and right axis devia-
tion suggest an abnormal right ventricular outflow
tract. "'932We believe that in other reported cases
of "idiopathic" ventricular arrhythmias the ven-
tricular outflow tract could have been responsible for
the arrhythmia, especially "concealed" forms, but
unfortunately the right ventricle was rarely examined
in detail,"3" because the left ventricle and coronary
arteries received the most attention.
Our report suggests that accelerated idioven-

tricular rhythm, in our cases caused by enhanced
automaticity, could be an arrhythmia associated with
concealed forms of arrhythmogenic right ventricular
dysplasia, when the QRS indicates a right ventricular
infundibular origin.
Follow up of our patients has confirmed that this

type of automatic ventricular arrhythmia is benign
and does not usually need to be treated. But because
we found an abnormality in the right ventricle such
patients should continue to be monitored.

This study was supported by the target project on
Juvenile Sudden Death, Regione Veneto, Italy.
We thank Professor A J Camm, St George's

Hospital, London for reviewing our typescript.
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