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Ventricular late potentials and spontaneous

ventricular arrhythmias after surgical repair of
tetralogy of Fallot: do they have prognostic value?

Dider Giroud, Marc Zimmermann, Richard Adamec, Ingrid Oberhansli, Beat Friedli

Abstract
Objective-To determine the prognostic
significance of ventricular late potentials
and spontaneous ventricular arrhythmias
detected early after surgical repair of
tetralogy of Fallot.
Design-Prospective observational.
Setting-Cardiology department of a
teaching hospital.
Methods-Between June 1984 and June
1991, 104 children (63 boys, 41 girls) were
studied by signal averaging and 24 hour
ambulatory monitoring after surgical
repair of tetralogy of Fallot. Mean (SD)
age at operation was 6 (3) years, mean
interval between operation and evalua-
tion was 8 (25) months, and the follow up
after evaluation was one to 88 (mean 30)
months.
Results-Ventricular late potentials were
detected in 24/104 patients (23%) and
spontaneous ventricular arrhythmias in
39/96 patients (38%); usualy (in 81%)
these were unifocal and rare. Patients
with ventricular late potentials were
older at operation than patients without
late potentials (9 (3) v 6 (3) years, P =
0.002). No correlation was found between
the presence ofventricular late potentials
and the presence or complexity of spon-
taneous ventricular arrhythmias early
after operation. During the mean follow
up of 2-5 years no case of sudden death or
sustaied ventricular tachycardia was found.
Conclusion-Short-term prognosis after
surgical repair of tetralogy of Fallot is
good; ventricular late potentials and
spontaneous ventricular arrhythmias are
often detected shortly after operation,
but in the medium term follow up they do
not predict sudden death or serious ven-
tricular arrhythmias.
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Sudden death and ventricular arrhythmias are

rare but recognised complications after surgical
repair of tetralogy of Fallot.'-8 Several markers
of an increased risk of arrhythmia have been
proposed, including spontaneous ventricular
extra systoles during Holter recording,9 10 ven-

tricular extra systoles during exercise tests,"
presence of ventricular late potentials,'2-'6 or

inducible ventricular tachycardia during pro-
grammed ventricular stimulation.'5 17 The true
prognostic value of these tests is unknown,
and the only three recognised variables associ-

ated with a poor outcome are advanced age at
operation, longer follow up after repair,' 17 and
poor haemodynamic results.'0 17 The purposes
of this study were to assess, on a mid-term
basis, the prognostic significance of ventricu-
lar late potentials and spontaneous ventricular
arrhythmias after surgical repair of tetralogy of
Fallot.

Patients and methods
PATIENTS
From June 1984 to June 1991, 104 patients
(two series of unselected, consecutive
patients) who underwent surgical correction
of tetralogy of Fallot at the University
Hospital of Geneva, Switzerland, were stud-
ied. The mean (SD) age at operation was 6
(3) (range 1 to 15) years; the relatively old age
at the time of operation is related to the fact
that most patients operated on at our hospital
were referred from developing countries.
There were 63 boys (61%) and 41 girls
(39%). Mean age at the time of the study
(Holter recording and signal averaging) was 7
(4) (range 1 to 15) years. Mean interval
between operation and evaluation was eight
(range 1 to 150) months. In 88% of the cases
(91/104), evaluation was performed during
the first three months after surgical repair, in
most cases during postoperative cardiac
catheterisation. In all cases, haemodynamic
data were collected, together with signal aver-
aged electrocardiographic and Holter data.
All patients were in sinus rhythm at the time
of the evaluation and all had postoperative
right bundle branch block.

SIGNAL AVERAGING
Signal averaged recordings were performed
with a very high gain averaging system
developed at our institution and described
previously.'3 The signal was amplified 105 to
106 times; band pass filters were set at 100
and 300 Hz (12 dB/octave); the averaging
process was performed on 40 consecutive car-
diac cycles and body surface recordings were
obtained from two bipolar chest leads
(between V2 and V4; between V4 and V6)
after careful preparation of the skin. For each
electrode position, three or more consecutive
signal averaged recordings were obtained to
confirm the reproducibility of any abnormal
signal detected. Quantitative assessment
included measurement of total filtered QRS
duration (in ms), and measurement of the
interval between the end of the QRS complex
and the point (determined retrogradely) when
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Simple linear correlation
between age at evaluation
and (A) duration of total
filtered QRS complex, (B)
duration oflow amplitude
signals in the terminal
complex (I,0 interval).
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QRS voltage reached 40 ,uV (I40, in ms). With
the equipment and the band pass filtering
used in our laboratory, late potentials were

considered to be present by visual identifica-
tion or if the total QRS duration was >140 ms
and if the interval between the end of QRS
and the 140 was >50 ms in the presence of right
bundle branch block.'5

TWENTY FOUR HOUR AMBULATORY ELECTRO-
CARDIOGRAPHIC MONITORING (HOLTER
RECORDING)
Twenty four hour ambulatory electrocardio-
graphic monitoring was performed in all
patients with a two channel tape recorder and
was analysed by a dynamic electrocardio-
scanner (Del Mar Avionics, model 447).
Ventricular arrhythmias were classified
according to the Deanfield classification (=
Lown modified).' 1 = unifocal, <30/h (peak);
2 = unifocal, 30/h; 3 = couplets, multifocal,
<30/h; 4 = couplets, multifocal, >30/h;
5 = non-sustained ventricular tachycardia.
Arrhythmias of Deanfield class t2 were

regarded as important.

FOLLOW UP
Information was obtained by questionnaire
directly from the attending physician or from
the institution where regular follow ups were

performed.

STATISTICAL ANALYSIS

All values are expressed as means (SD).
Numerical data were compared with
Student's t test for unpaired data. Categorical
data were compared with x2 analysis. A simple
linear regression analysis was used to establish
a relation between age at evaluation and the
quantitative variables of the signal averaged
electrocardiogram. A value of P < 0 05 was

considered to be significant.

Results
SIGNAL AVERAGING

Late potentials were detected from the body
surface in 24/104 children (23%). Mean dura-
tion of I40 interval was 42 (15) ms and mean

duration of total filtered QRS duration was

140 (19) ms. A positive linear correlation was
found between age at evaluation and total
filtered QRS duration (r = 0 36, P = 0-0002)

or 140 interval (r = 0-28, P = 0 004, figure).

HOLTER RECORDINGS
Ninety six children had a twenty four hour
electrocardiographic monitoring at the time of
signal averaging. Ventricular arrhythmias
were found in 36 cases (38%). Table 1 shows
the distribution of ventricular arrhythmias
according to the Deanfield classification. In
most cases (81%), ventricular arrhythmias
were classified as <2 (NS).
Twenty two out of 24 children with late

potentials had twenty four hour electrocardio-
graphic monitoring. Table 2 shows that ven-
tricular arrhythmias were detected in nine of
22 cases (41%), but only two of nine children
(22%) had significant ventricular arrhythmias.

In the absence of late potentials, ventricular
arrhythmias were detected in 36% of the cases
(27/74); again, most recordings (81%)
showed non-significant ventricular arrhyth-
mias. The three patients with non-sustained
ventricular tachycardia during Holter record-
ing belonged to this subset of patients without
late potential. No correlation was found
between the presence of ventricular late
potentials and the presence or severity of
spontaneous ventricular arrhythmias during
Holter recording.

Table 1 Incidence and severity of spontaneous
ventricular arrhythmias as detected by Holter recording

No (%)

Ventricular arrhythmias present* 36/96 (38)
1 29/36 (81)
2 0/36 (0)
3 3/36 (8)
4 1/36 (3)
5 3/36 (8)

*Deanfield classification.

Table 2 Incidence of spontaneous ventricular
arrhythmias in the presence (or absence) of ventricular late
potential (VLPs)

VLP present VLP absent
(n = 22) (n = 74) Pvalue

Ventricular arrhythmias* 9/22 (41%) 27/74 (36%) 070
1 7/9 22/27 0-80
2 0/9 0/27 090
3 2/9 1127 0-08
4 0/9 1/27 0*55
5 0/9 3/27 0-28

*Deanfield classification.
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Table 3 Haemodynamic data (obtained during postoperative catheterisation) in patients
with or without ventricular late potentials (VLPs)

VLPpresent (n = 17) VLP absent (n = 51) P value

RV systolic pressure (mm Hg) 41 (12) 45 (15) 0 39
RV end diastolic pressure (mm Hg) 6 (2) 6 (2) 0-44
Pressure gradient RV/PA (mm Hg) 18 (12) 20 (16) 0 55

RV, right ventricle; PA, pulmonary artery.

CLINICAL CHARACTERISTICS
Compared with patients without ventricular
late potentials, patients with ventricular late
potentials were older at the time of the study
(9 (3) v 6 (3) years, P = 0002) and older at
the time of operation (8 (4) v 6 (3) years, P =

002). We found no correlation between ven-

tricular late potentials and the following vari-
ables: (a) time interval between operation and
evaluation; (b) duration of follow up after
evaluation; (c) duration of follow up after
surgery, (d) sex; (e) incidence of spontaneous
ventricular arrhythmias; or (f) postoperative
haemodynamic variables (table 3).

Compared with patients without sponta-
neous ventricular arrhythmias, patients with
ventricular arrhythmias during Holter record-
ing were not older at the time of surgical
repair. The only significant variable associated
with the presence of spontaneous ventricular
arrhythmias was the duration of follow up

after operation (P = 0 04).

FOLLOW UP
The mean follow up after evaluation by signal
averaging and Holter monitoring was 30
(range one to 88) months. A follow up >3
months was obtained in 79% of the cases.
The mean follow up after the surgical repair
was 38 (range 2 to 205) months. During the
follow up period, there were no sudden
deaths, no unexpected deaths, and no docu-
mented spontaneous sustained ventricular
arrhythmia. No patient received antiarrhyth-
mic drug treatment. Two patients died (2%),
one from heart failure after reoperation and
one from a cerebrovascular accident.

Discussion
Sudden death after surgical repair of tetralogy
of Fallot is a known complication, but is for-
tunately infrequent, with an incidence of
1-3%.2-6 Whereas some centres have found
sudden death to occur most often in the first
two years after the operation,7 others have
shown an increased hazard with time after
operation, with a maximum after 10 years.'8
Sudden death seems to be related more to
severe ventricular arrhythmias than to con-
duction disturbances,38 but prognosis seems
favourable in most cases even when sponta-
neous ventricular arrhythmias are present.'920
In our study as in others19 21 no case of sudden
death and no case of sustained ventricular
arrhythmia were found during follow up.

After surgical repair of tetralogy of Fallot,
the incidence of spontaneous ventricular
arrhythmias seems to be high (38% in our
study), but in most cases these arrhythmias
are unimportant, only three patients (8%) had

runs of non-sustained ventricular tachycardia
during 24 hour Holter monitoring. In our
study the incidence of severe ventricular
arrhythmias (Deanfield class >2) was lower
than previously described by others,919 22-23 but
the study population and duration of follow
up were not strictly comparable: the incidence
of spontaneous ventricular arrhythmias after
surgical repair of tetralogy of Fallot seems to
increase with age at the time of operation9-" 23
and with duration of follow Up.9-1117 An
increased incidence of ventricular arrhythmias
has also been associated with residual right
ventricular hypertension,10 17 reduced right
ventricular ejection fraction, the presence of a
scar in the right ventricle,10 reduced left ven-
tricle function,'4 or the severity of pulmonary
regurgitation.'5 In patients with uncompli-
cated repair, the incidence of new ventricular
arrhythmias seems to increase only slightly
after operation.'6 Ventricular late potentials
are thought to represent delayed activation of
small areas of the myocardium. In adults, par-
ticularly after myocardial infarction, late
potentials indicate a higher risk of ventricular
tachycardia or sudden death.'7 After repair of
tetralogy of Fallot, ventriculotomy, infundibu-
lar resection, and closure of the ventricular
septal defect may provide an anatomical
substrate for reentrant ventricular arrhyth-
mias. '328 In our study late potentials were less
often detected than spontaneous ventricular
arrhythmias (23 v 38%); their incidence
seems to increase with age at the time of oper-
ation, but no correlation was found between
late potentials and the incidence or severity of
spontaneous ventricular arrhythmias early
after operation. Moreover, the three patients
with non-sustained ventricular tachycardia
during Holter recording were in the subgroup
of patients without late potentials during sig-
nal averaging. Our data are different from
those of Stelling et al who found a correlation
between abnormal signal averaged recordings
and inducible ventricular arrhythmias.14
Recording methods for late potentials (includ-
ing filter settings) were not comparable, and
in our study only spontaneous clinically rele-
vant ventricular arrhythmias were considered
during the follow up; conclusions applied to
the result of electrophysiological studies'41'
may be different, and the prognostic value of
programmed ventricular stimulation in post-
operative tetralogy of Fallot remains contro-
versial.'5 17

No normal values for signal averaged
recordings are established in the presence of
right bundle branch block, neither in adults
nor in children; intraventricular conduction
defects have important influences on the sig-
nal averaged electrocardiogram and criteria to
define the presence of late potentials should
be modified.'329 The normal limits applied in
this study were defined according to data
obtained in patients with right bundle branch
block but no right or left ventricular abnor-
mality; these criteria may not be applicable
with other recording equipment.

During the relatively short follow up
period, no case of sudden death or sustained
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ventricular tachycardia occurred; therefore,
the exact prognostic value of signal averaging
and Holter recording cannot be determined
from our data. If we consider the frequency of
late potentials and spontaneous ventricular
arrhythmias, and conversely the rarity of seri-
ous arrhythmic events after tetralogy of Fallot
on the other side, the positive predictive value
ofboth tests must be very low. A longer follow
up and a larger study group would possibly
help to better define the true prognostic value
of signal averaging and Holter recording after
surgical repair of tetralogy of Fallot.
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