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ABSTRACT

Background: In surgically repaired tetralogy
of Fallot (TOF) patients, ventricular
arrhythmiais an important mechanism of late
mortality. Therisk factors of late arrhythmia
include volume overload and el ectrical
instability such asincreased QT dispersion.
Most of the repaired TOF patients would
have complete right bundle branch block
(RBBB) which may cause acquired QT
prolongation. We proposed acquired RBBB
by surgery may induce long QT which may
cause vulnerability of ventricular arrhythmia

in these patients.

Methods: 1) we prospectively invite 30 TOF
and ventricular septal defect (VSD) patients
to receive EKG and echocardiography
follow-up, and the changes of EKG
parameters will be evaluated.

2) Animal models of CRBBB by RF ablation
and surgical RVOT patch were established in
dogs. Group | received right bundle branch
ablation and ventriculotomy, group I



received right ventricular outflow tract patch
creation. EKG, extracardiac event loop
recorder, and el ectrophysiology study by
cardiac catheterization were evaluated before
and after procedure and follow regularly up
to one year. The drug response on ventricular
arrhythmiawere studied al so.

ResultsIn clinical study, we found also that
QRS duration and QTc interval was
significantly prolonged immediately
postoperatively especially in TOF patients
(QRS 121msvs. 105ms, QTc 491ms\vs.
454ms comparing TOF and VSD). During 2
years follow-up, QRS duration progressed
further in TOF patients with QRS increasing
5.5ms per year but not in VSD patients. QT
dispersion also increased during 2 year
follow-up in TOF patients and not in VSD

patients.

In animal part, pulmonary regurgitation was
severer in those receiving RVOT patch, and
QRS duration was longer in those receiving
right bundle branch ablation. In EKG
parameters, we found that all EKG
parameters including QRS duration, QTc
interval, JTc interval and QT dispersion all

increased significantly during one year follow.

However, these changes didn’t differ
significantly between surgical and ablation
group except that QT dispersion increased
more prominently in surgical group. In the
drug effect study, we see that Inderal has
protective effect in diminishing ventricul ar
arrhythmia parameters in both groups after 1
year follow-up. The protective effect of
Indera is diminished by procainamide usage,
although procainamide usage alone didn’t
have significant influence. In addition, by
loop recorder recording, we can see more
frequent ventricular arrhythmiaincluding
ventricular couplets, triplets, and short run
ventricular tachycardia (VT) in surgical
group after postoperatively more than half
year. By el ectrophysiology study, 2 episodes
of VT was ever induced in surgical group,
but none was induced in ablation group.

Conclusions EKG parameters change is

more prominent in TOF than in VSD patients
and may progress with time. RBBB and
pulmonary regurgitation (PR) are both
important in ventricular arrhythmiain
repaired TOF animal model athough PR
played a more important role.



Keyword: complete right bundle branch
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This three-year study aimed to define the
physiological significance of complete right
bundle branch block and its secondary QT
prolongation. QT prolongation could be
congenital or acquired. Congenital long QT
syndrome is associated with mutationsin Na
or K channels. Patients with abnormally
prolonged QT interval are prone to develop
torsade de pointes ventricular tachycardia and
sudden death. In the presence of bundle
branch block, QT interval usually prolongs.
However, the physiologica significance has
never been clarified. In repaired tetralogy of
Fallot (TOF), the presence of complete right
bundle branch block (RBBB) is common and
the duration of QRS complex, if longer than
180 ms, had been shown to be arisk for
sudden death during the long-term follow-up.

We had experienced two postoperative
patients with TOF who devel oped
life-threatening ventricular arrhythmias. Both
had complete RBBB and progressively
prolonged QT and JT intervals. Only after a
temporary pacemaker with an adequate
supporting heart rate and then an intracrdaic
defibrillator implantation, the condition was
stabilized. From them and literature review,
we hypothetized that 1) acquired complete
RBBB can result in prolonged and possible
inhomogeneous repol arization, that may also
predispose the patients to have torsade de
pointes ventricular arrhythmias; and 2) the
proarrhythmic potential of such secondary
QT prolongation may increase with time and
may be potentiated by right ventricular
volume overload.

In the first year, a pig-animal model to
creat the complete right bundle branch block
had been established. However, because of
the limited reference for basic physiological
datain pigs, we then shifted to dogs in the
latter part of the first year. We continued to
use dog as the animal model this year.

In the second year, we have reviewed
the preoperaive EKG in patients with TOF
identified from the database from 1976 to

2000 to define the possibility of combined
congenital long QT syndrome and TOF
patients.

In the third year, we have prospectively
exmined the development and consequences
of CRBBB in repaired TOF and VSD
patients. In the animal part, we have
succesfully established the dog model with
surgical pulomnary regurgitation and created
CRBBB. Thisanima model will provide the
mechanisms for secondary effects of QRS
and QT prolongation.

=

Part A:Propesctive stuyd on repaired TOF
and VSD:

There was 21 tetralogy of Fallot (TOF) and
17 ventricular septal defect (VSD) patients
received our follow-up. Preoperatively, there
was no difference in EKG parameters
including QRS duration, QTc duration, and
QT dispersion in TOF group and VSD group.
Early postoperatively, we can find complete
and incomplete RBBB pattern and QRS
duration prolongation in both groups (121 vs.
105msin TOF and VSD groups). The
magnitude of QRS duration prolongation is
significantly larger in TOF groups. The same
finding was also found in QTc duration. In
TOF group, QTc duration increased to 491ms
in TOF groups, but only mild prolongation to
454 msin VSD group. However, for QT
dispersion, the difference between TOF and
VSD isnot significant.

At mean 23 months follow-up, QRS
duration prolongation persisted in both
groups, with QRS 132 msin TOF and 106ms
in VSD groups, which was statistically
different. The rate of QRS duration increase
is 5.5ms per year in TOF group, and 1.4ms
per year in VSD group. When comparing
with early postoperatively, QRS duration



significantly prolong after 23 months
follow-up in TOF patients (p=0.006), but not
in VSD patients (p=0.116). For QTc interval,
it also showed persistent prolonged QTc
interval in both groups (486msin TOF and
462msin V SD groups). However, unlike
QRS duration, QTc prolongation didn’t
progress further, and it even shorten slightly
in TOF patients (but no statistically
significantly). Thisresult may be related to
relative high heart rate at early
postoperatively which cause QTc higher. If
we compare QT interval (without Bazett
correction) at early and late postoperatively,
we can see still progressive QT interval
prolongation at TOF group (QT interval
360ms at early and 388ms at late
postoperative period). For QT dispersion, we
can find QT dispersion increase from 20.8ms
to 32.8ms after 2 years follow-up in TOF
group, but this was not found in VSD group.

Briefly summary, in this prospectively
clinical study, we can see immediate increase
of QRS duration and QTc interval early
postoperatively especially in TOF patients.
QRS duration increases further during 2
years follow-up. Besides, QT dispersion
increases during follow-up which may imply
the increase ventricular arrhythmiarisk after
longer follow.
Part B: Animal model for repaired TOF
We performed angiography to define
pulmonary regurgitation (PR) severity at
week 52. We can find 5 severe PR and 2 mild
PR in surgical group, but no significant PR in
ablation group. Hemodynamic data at the end
of study didn’t show elevated RA pressurein
both groups.

We performed EPS study at the baseline,

24" week, and 52th week. No ventricular

tachycardia (VT) was ever induced at
baseline both in surgical group and in
ablation right bundle branch block (RBBB)
group. At 24™ week, 1 episode of Vf has
been induced in surgical group (1/7).
However, no VT has been induced in
ablation group. At 52th week, no VT was
induced in ablation group, but 1 episode of
short run VT was ever induced in surgical
group (1/4). However, it didn’t show
statistical significance because of relative
small sample size and relative short
follow-up period.

We also implanted |oop recorder to
record ventricular arrhythmia episode in both
groups. In the first half year, there were
average 1.5 ventricular couplet, 1.5
ventricular triplet, and 1 short run VT per
month in surgical group. In ablation group,
there were average 0.5 ventricular triplet and
1 short run VT per month in the first half
year. No significant difference in both groups.
However, in the last half year, there were
average 25 ventricular couplets, 3 ventricular
triplets, 5 short run VT, and 1 sustain VT per
month in surgical group. It is statistical
different from ablation group, which showed
1 ventricular triplet and 2 short run VT per
month. So in loop recorder data, we see more
frequent ventricular arrhythmiain surgical
group after postoperatively greater than half
year.

In EKG parameters, we found
significant prolongation of QRS duration
after procedure in ablation group which
related to RBBB effect. At week 52, QTc
duration was longer in ablation group, but
after correction for QRS duration
prolongation, we can see JTc¢ duration was
longer in surgical group. However, QT



dispersion showed no significant difference
between both groups. When we analyze the
serial EKG parameters change after the
procedure, we noticed that QRS duration,
QTc duration, JTc duration, and QT
dispersion all progressively increased
comparing week 2 and week 52 data (p value
all <0.05). However, no significant difference
in EKG parameters change was seen between
these two groups except QT dispersion
prolongation islarger in surgical group. So
from EKG parameters change, we deduced
that the ventricular arrhythmia parameters
increased with time in both ablation and
surgical groups. However, the parameters
change didn’t show significant differences
between both groups except QT dispersion
have atrend of progressively increase
surgical group.

To seethe drug effect on EKG
parameters change, we used Inderal and
Procainamide astest drugs. Before the
procedure, no significant EKG parameters
change was found under either Inderal or
Procainamide. After the procedure at week
48, we saw protective effect of Inderal intake.
QT dispersion decreased significantly under
Inderal both in surgical or ablation groups,
and there was also atrend of decrease QTc
and JTc under Inderal use. No significant
EK G parameters change under Procainamide
intake at week 48 although there was a trend
of increase JTc. If both Inderal and
procai namide were used, there was only a
trend of decrease QT dispersion and no
change in QTc and JTC. Thus from drug
effects data, we could find protective effect
of Inderal use after the procedure both in
ablation and surgical groups. However, this
protective effect was diminished by

procainamide use.
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