CONGENITAL HEART DISEASE

Ventricular Arrhythmias in Postoperative
Tetralogy of Faliot

Jay S. Chandar, MD, MRCP, Grace S. Wolff, MD, Arthur Garson Jr., MD, Timothy J. Bell, MD,
Stanley D. Beder, MD, Margreet Bink-Boelkens, MD, Craig J. Byrum, MD,
Robert M. Campbell, MD, Barbara J. Deal, MD, Macdonald Dick Il, MD, Celia J. Flinn, MD,
Winston E. Gaum, MD, Paul C. Gillette, MD, Allan J. Hordof, MD, John D. Kugler, MD,
Co-burn J. Porter, MD, and Edward P. Walsh, MD

Ventricular arrhythmias in patients after total
surgical repair of tetralogy of Fallot have been
associated with late sudden death. In this large
multicenter retrospective study of 359 patients
with postoperative tetralogy of Fallot, spontaneous
ventricular premature complexes (VPCs) on 24-
hour ambulatory electrocardiographic monitoring
and laboratory-induced ventricular tachycardia
(VT) by electrophysiologic stimulation were ana-
lyzed. The mean age at surgical repair was 5 years
and the mean follow-up duration after repair was 7
years. Spontaneous VPCs on ambulatory monitor-
ing were found in 48% and induced VT on electro-
physiologic stimulation was found in 17% of pa-
tients. Both spontaneous VPCs and induced VT
were significantly related to delayed age at repair,
longer follow-up interval, symptoms of syncope or
presyncope and right ventricular systolic hyperten-
sion (>60 mm Hg) (p <0.05), but not to right ven-
tricular diastolic pressure >8 mm Hg. The VPCs on
ambulatory monitoring were more complex with in-
creasing age at repair and follow-up duration. In-
duction of VT on electrophysiologic stimulation cor-
related with spontaneous VPCs including VT on
24-hour ambulatory electrocardiographic monitor-
ing. The electrophysiologic stimulation protocol
varied and the induction of VT increased with a
more aggressive stimulation protocol. While in-
duced sustained monomorphic VT was related to all
forms of spontaneous VPCs, induced nonsustained
polymorphic VT was related to more complex
forms of VPCs on ambulatory monitoring. VT was
not induced in asymptomatic patients who had nor-
mal 24-hour ambulatory electrocardiographic mon-
itoring and normal right ventricular systolic pres-
sure. Late sudden death occurred in 5 patients,
most of whom had spontaneous VPCs on ambulato-
ry monitoring and right ventricular diastolic pres-
sure >8 mm Hg, but none had induced VT with a
nonaggressive electrophysiologic protocol.

(Am J Cardiol 1990;65:655-661)

proved duration and quality of life. The 10-year

survival rate is >90%.!-2 However, sudden death
is a well-recognized late event with a reported incidence
as high as 4.6%.!-* Late sudden death is attributed to
various cardiac arrhythmias including progressive con-
duction disturbance with late complete heart block,5-6
sinus node dysfunction’ and ventricular premature com-
plexes (VPCs).8-135 These reports focus on VPCs as the
primary etiology of late sudden death. Older age at sur-
gical repair, longer interval after repair and poor right
ventricular hemodynamic status are considered addi-
tional risk factors for late sudden death.!6-18 Induction
of ventricular tachycardia (VT) by electrophysiologic
stimulation has been associated with spontaneous VPCs
in children with postoperative tetralogy of Fallot.415.16.19
This large multicenter retrospective study in patients
with postoperative tetralogy of Fallot had 2 purposes: to
analyze and relate spontaneous VPCs to laboratory-in-
duced VT on electrophysiologic stimulation, and to in-
vestigate the prognostic significance of these factors to
sudden death.

S urgical repair of tetralogy of Fallot results in im-

METHODS

Fifteen centers participated in this collaborative
study. We included 359 patients who had surgical re-
pair before 20 years of age. All patients had an electro-
physiologic study that included programmed stimula-
tion at the right ventricular outflow or apex. Stimula-
tion protocol varied among the centers and included
single, double or triple extrastimuli and burst pacing.

Data collection: The following were recorded in the
359 patients and analyzed: age at surgical repair, age at
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TABLE | Patient Profile
Pts
Category m Subgroups No. %
Symptoms Syncope 34 Symptomatic 53 15
Presyncope 19
None 270  Asymptomatic 270 75
Nonspecific 36
RV hemo- SP>60,DP>8 47 SP >60 76 21

dynamic SP>60;,DP <8 29

status SP<60; DP>8 111 DP>8 158 44

(mm Hg) SP <60;DP <8 170

No study 2 Normal 170 47
24-hour vT 32  Complex 77 21
ambulatory CP/MVPC 45
monitoring
UVPC >10/hr 32 Simple 97 27
UVPC <10/hr 65
Normal 129 Normal 129 36
No study 56
EPS-induced  ANVT 60* 17
VT
SusVT 33 9
NsusMVT 24 7
NsusPVT 8 2

* More than 1 form of tachycardia was induced in some patients.

CP = couplet; DP = diastolic pressure; EPS = electrophysiologic study; MVPC =
multifarm VPC; NsusMVT = nonsustained monomorphic VT; NsusPVT = nonsus-
tained polymorphic VT; RV = right ventricle; SP = systolic pressure; SusVT = sus-
tained VT; UVPC = uniform VPC; VPC = ventricular premature complex; VT =
ventricular tachycardia.

electrophysiologic study, follow-up interval (time from
surgical repair to electrophysiologic study), symptoms
of syncope or presyncope, right ventricular systolic and
diastolic pressures on hemodynamic study, spontane-
ous VPCs on 24-hour ambulatory electrocardiographic
monitoring and induced VT on electrophysiologic stim-
ulation.

Patient population: The age at surgical repair
ranged from 1 to 19 years (mean 4.7 + 3.3), the age at
electrophysiologic study ranged from 2 to 35 years
(mean 12 £ 7) and the follow-up interval from 0.1 to 28
years (mean 6.9 + 5.3). Symptoms of syncope or pre-
syncope were present in 15%, right ventricular systolic

hypertension in 21%, diastolic hypertension in 44%,
VPCs on 24-hour ambulatory electrocardiographic
monitoring in 48% and induced VT on electrophysiolog-
ic stimulation in 17% of patients (Table I).

Definitions: On 24-hour ambulatory electrocardio-
graphic monitoring, the complex group included multi-
form VPCs, couplets or VT, the simple group refers to
uniform VPCs and the normal group refers to the ab-
sence of VPC. VT on ambulatory monitoring or in-
duced VT on electrophysiologic stimulation was defined
as >3 successive VPCs. Induced sustained VT was de-
fined as VT persisting for >30 seconds or requiring ter-
mination by electrical stimulation. Nonsustained VT
was defined as VT of >3 VPCs and terminating sponta-
neously within 30 seconds. Right ventricular systolic hy-
pertension was defined as pressure >60 mm Hg and
diastolic hypertension as >8 mm Hg.

Statistical analysis: The data were analyzed by the
IBM-compatible Statpac statistical program. Relations
between numerical variables were analyzed by the Stu-
dent ¢ test. Comparisons between variables distributed
into categories were made by chi-square analysis. Sta-
tistical significance was inferred if p was <0.05. VPCs
on monitoring and VT induced on electrophysiologic
stimulation were also related to other categories by step-
wise logistic regression analysis using the BMD/PLR
computer program,

RESULTS

Symptoms: The patients with symptoms of syncope
or presyncope (15%) were grouped together and com-
pared to those with no symptoms (75%) (Table I). Pa-
tients with nonspecific symptoms (i.e., chest pain, dizzi-
ness etc.) were not included in the analysis. The mean
age at repair was 6.4 £ 4.5 years in the symptomatic
group compared to 4.1 & 2.7 years in the asymptomatic
group (p <0.01). Similarly, mean follow-up interval (10
+ 59 vs 6 & 4.7 years, p <0.01) was higher in the
symptomatic group. Symptoms of syncope or presynco-
pe did not relate to right ventricular hemodynamic sta-
tus.

Right ventricular hemodynamic status: The patients
with systolic (21%) or diastolic hypertension (44%) were
compared to those with normal pressures (47%) (Table

Repair age yrs.. 0-3 4-10 11-20
" #of Pts: 62 46 4 64 97 11 8 4
00 7
£ 8o
&
- 60- FIGURE 1. Age at repair is divided into 3
< age groups, and in each of these groups,
a 40+ follow-up interval is divided into 3 groups.
3 Cardioscan = 24-hour ambulatory electro-
- 20 cardiographic monitoring.
0- . -
Follow-up ~ 45 6-15 »16 45 6-15 »16 5 6-15 r16
yrs. AGE GROUPS ’
Cardioscan Arrhythmia: B COMPLEX SIMPLE
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TABLE Il Ventricular Arrhythmia on 24-Hour Ambulatory Electrocardiographic Monitoring
p Value
All VPC Complex Simple Normal
(n=174) (n=77) (n=97) (n=129) Al VPC/ Complex/ Complex/ Simple /
Category No. (%) No. (%) No. (%) No. (%) Normal Simple Normal Normal
Age at repair (yrs) 59+40 6.8+45 52+34 3.7+20 <0.001 0.011 <0.001 <0.001
<0.001*
Age at EPS (yrs) 147471 173+£7.4 127+6.2 9052 <0.001 <0.001 <0.001 <0.001
Follow-up interval (yrs) 88+53 105+5.7 75146 54+46 <0.001* <0.001 <0.001 0.001
Symptoms (n = 269)
Syn/Presyn (n = 50) 37 (74) 22 (44) 15 (30) 13 (26) 0.002 0.006 <0.001 0.179
>0.05*
Normal (n = 219) 110 (50) 37(17) 73(33) 109 (50)
RV pressure (mm Hg) (n = 301)
SP >60 (n = 65) 45 (69) 19 (29) 26 (40) 20(31) 0.037 0.723 0.051 0.079
>0.05*
DP >8(n=133) 80 (60) 37 (28) 43(32) 53 (40) 0.412 0.356 0.147 0.603
SP >60; DP >8 (n = 157) 95 (61) 45 (29) 50 (32) 62 (39) 0.264 0.269 0.100 0.604
Normal (n = 144) 77 (54) 30(21) 47 (33) 67 (46)
* p value on stepwise logistic regression analysis.
Complex = couplet or multiform VPC; simple = uniform VPC; syn /presyn = syncope or presyncope; other abbreviations as in Table I.

I). The mean age at repair was higher (5.8 £ 3.1 years)
in patients with systolic hypertension compared to those
with normal pressures (4.3 £ 3.3 years) (p <0.01). Dia-
stolic hypertension did not relate to age at repair.

Ventricular premature complexes on 24-hour
monitoring: VPCs on 24-hour ambulatory electrocar-
diographic monitoring were present in 48%; they were
complex in 21% and simple in 27% of patients (Table I).
Age at surgical repair, follow-up interval and symptoms
of syncope or presyncope were greater in patients with
VPCs compared to those with normal ambulatory mon-
itoring results (p <0.01) (Table II). Right ventricular
systolic hypertension was more frequent in patients with
VPCs (p <0.05), but right ventricular diastolic hyper-
tension was not related. Stepwise logistic regression
analysis related delayed age at repair and increased fol-
low-up interval to VPCs on 24-hour ambulatory electro-
cardiographic monitoring (p <0.01), while symptoms of
syncope or presyncope and right ventricular systolic hy-
pertension were not related to VPCs on 24-hour ambu-
latory electrocardiographic monitoring.

Complex VPCs on ambulatory monitoring were
more common with later age at repair and increased
follow-up interval (Figure 1). The age at surgical repair
was delayed, the follow-up interval was longer and the
symptoms of syncope or presyncope were greater in pa-
tients with complex VPCs on 24-hour ambulatory elec-
trocardiographic monitoring compared to those with
simple VPCs or no VPC on monitoring (p <0.01) (Ta-
ble II). Similarly, the age at surgical repair and follow-
up interval were greater in patients with simple VPCs
compared to those with normal 24-hour ambulatory
electrocardiographic monitoring (p <0.01). Right ven-
tricular hemodynamic status did not relate to complexi-
ty of VPCs on ambulatory monitoring.

Induced ventricular tachycardias at electrophysio-
logic study: Sustained or nonsustained VT (all VT com-
bined) was induced in 60 patients (17%) (Table I). In-
duced VT (all VT combined) (Table III) was sig-
nificantly related to delayed age at repair, increased fol-
low-up interval (Figure 2), symptoms of syncope or pre-

syncope and VPCs on 24-hour ambulatory electrocar-
diographic monitoring (p <0.01). Right ventricular
systolic hypertension (p <0.05), but not diastolic hyper-
tension, was frequently found in patients with induced
VT. With stepwise logistic regression analysis, delayed
age at repair, symptoms of syncope or presyncope
and VPCs on 24-hour ambulatory electrocardiographic
monitoring were related to VT induction (p <0.05).
Follow-up interval and right ventricular systolic hyper-
tension were not related.

Induced VT (all VT combined) (Table III) did not
differ in patients with complex (34%) or simple (22%)
VPCs on 24-hour ambulatory electrocardiographic
monitoring (p = 0.07), but induction was increased in
both complex and simple groups when compared to
those with normal recordings (9%) (p <0.01). The fre-
quency of VT induction (all VT combined) in patients
with various VPCs on ambulatory monitoring is shown
in Figure 3. This frequency was similar in patients with
uniform VPCs or couplets and multiform VPCs (19 to
24%), and was increased to 47% in patients with VT on
24-hour ambulatory electrocardiographic monitoring.
Significantly, no VT was induced in asymptomatic pa-
tients who had normal 24-hour ambulatory electrocar-
diographic monitoring (no VPC) and normal right ven-
tricular systolic pressure.

Sustained ventricular tachycardia: Sustained VT
was induced in 33 patients (9%) (Table I). The relation
of induced sustained VT to various categories—delayed
age at repair, longer follow-up interval, symptoms of
syncope or presyncope, right ventricular systolic hyper-
tension and VPCs on ambulatory monitoring—was sim-
ilar to that for combined VT (p <0.05) (Table III). The
induction of sustained VT did not differ in patients with
complex (20%) or simple VPCs (11%) on 24-hour am-
bulatory electrocardiographic monitoring (p = 0.1), but
was higher in both complex and simple groups com-
pared to patients with normal recordings (4%) (p
<0.05).

Nonsustained ventricular tachycardias: Nonsus-
tained monomorphic VT was induced in 24 (7%) and
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nonsustained polymorphic VT in 8 (2%) patients. The
induction of nonsustained VT was related to delayed
age at repair, increased follow-up interval, symptoms of
syncope and presyncope, and VPCs on ambulatory
monitoring (p <0.05) (Table III). Induction of nonsus-
tained VT did not relate to right ventricular systolic or
diastolic hypertension.

The induction of nonsustained monomorphic VT
was increased in patients with complex or simple VPCs
on 24-hour ambulatory electrocardiographic monitoring
(10%) compared to those with normal monitoring (5%).
The induction of nonsustained polymorphic VT was
particularly related to complex VPCs on 24-hour ambu-
latory electrocardiographic monitoring. Six of 8 patients
with induced nonsustained polymorphic VT had com-
plex VPCs on 24-hour ambulatory electrocardiographic
monitoring; however, the small number in this group
precludes strong conclusions.

Electrophysiologic stimulation protocols: The stim-
ulation protocol varied among different centers. Stimu-
lation was performed in the right ventricular apex in
358 patients (99%) and right ventricular outflow in 196
patients (55%). Single extrastimulation (S;S,), in apex
or outflow, was performed in 356 (99%), double ex-
trastimuli (S;S;S3) in 272 (76%), triple extrastimuli
(S1S555S,) in 54 (15%) and burst pacing in 246 (69%)
patients. VT was induced in 60 patients (17%): in 48
(13%) on apex stimulation and in 15 (8%) on outflow
stimulation. S;S; induced VT in 12 (3%), S$;S,S; in 34
(13%), S1S,S; Sy in 8 (15%) and burst pacing in 18
(7%) patients.

The stimulation protocols were comparable in pa-
tients with VT or complex VPCs, simple VPCs or
no VPCs on 24-hour ambulatory electrocardiographic
monitoring (Table IV). VT (all VT combined) was in-
duced in 58 of 303 patients who had 24-hour ambulato-
ry electrocardiographic monitoring. (There were 2 addi-
tional patients with induced VT who did not have moni-
toring.) In patients with VT on 24-hour ambulatory
electrocardiographic monitoring, S;S, induced VT in
3%, S1S,S; in 28%, S;S,S;S, in 33% and burst pacing
in 30%. Aggressive stimulation also increased the fre-
quency of induction of VT in patients with simple VPCs
or no VPC on ambulatory monitoring, but to a lesser
degree.

Sudden death: Seven patients died of cardiac causes;
1 patient died of chronic heart failure with no arrhyth-
mia and | during a repeat surgical procedure. Five pa-
tients (1.4%) died suddenly. In these S patients, the age
at surgical repair ranged from 1 to 7 years, and the age
of death ranged from 12 to 22 years. VT in 1 and ven-
tricular fibrillation in another patient were documented
at death. Retrospective review of 24-hour ambulatory
electrocardiographic monitoring showed VT in 1, cou-
plets in 2 and uniform VPCs in 1 patient. Right ventric-
ular diastolic pressure was >8 mm Hg in 4 and right
ventricular systolic pressure was >60 mm Hg in 2 pa-
tients. During electrophysiologic study, VT was not in-
duced in any of these patients, but the stimulation pro-
tocol included double extrastimuli in only 2 and none
had triple extrastimuli.



TABLE IV Electrophysiologic Stimulation Protocols in 303 Patients: Spontaneous and Induced Ventricular Arrhythmias
Induced VT
Stimulation
Protocol/ Attempted All VT Sus VT NsusMVT NsusPVT
Monitoring No. (%) No. (%) No. (%) No. (%) No. (%)
Complex VPCs (n = 77) 26 (34) 15 (20) 8(10) 6(8)
VT {n=32) 15 (47) 9 (28) 5(16) 3(9)
Single 31(97) 13 0(0) 1(3) 1(3)
Double 2991 8(28) 4(14) 3(10) 1(3)
Triple 6(19) 2(33) 2(33) 1(17) 0(0)
Burst 20(63) 6 (30) 4 (20) 1(5) 1(5)
CP/MVPC (n = 45) 11(24) 6(13) 3(7) 3(7)
Single 44 (98) 0(0) 0 (0) 0(0) 0(0)
Double 36 (80) 7(19) 3(8) 1(3) 3(8)
Triple 3(7) 2(67) 1(33) 1(33) 0(0)
Burst 35(78) 4(11) 3(9) 2(6) 0(0)
Simple VPCs (n = 97) 21 (22) 11(11) 10 (10) 1)
UPVC >10/hr (n = 32) 6(19) 4(13) 2(6) 0(0)
Single 32(100) 0(0) 0(0) 0(0) 0(0)
Double 28(88) 5(18) 3 27 0(0)
Triple 4(13) 1(25) 1(25) 0(0) 0(0)
Burst 22 (69) 1(5) 1(5) 0(0) 0(0)
UPVC <10/hr (n = 65) 15(23) 7(11) 8(12) 1(2)
Single 65 (100) 6(9) 2(3) 4.(6) 0(0)
Double 56 (86) 5@ 24 3(5) 1(2)
Triple 12(18) 1(8) 0(0) 1(8) 0(0)
Burst 55 (85) 7(13) 5(9) 24 0(0)
Normal monitoring (n = 129) 11(9) 54 6(5) 1)
Single 129 (100) 4(3) 2(2) 2(2) 0(0)
Double 83(64) 8(10) 3(4) 4(9) (1
Triple 19(15) 2(11) 1(5) 1(%) 0(0)
Burst 80 (62) 0(0) 0(0) 0(0) 0(0)
Burst = burst pacing; other abbreviations as in Tables I, i, and Ill.

DISCUSSION

In this collaborative study of 359 patients with surgi-
cally repaired tetralogy of Fallot, we have identified sig-
nificant relations between VPCs on 24-hour ambulatory
electrocardiographic monitoring and delayed age at re-
pair, longer time interval after repair, symptoms of syn-
cope or presyncope and right ventricular systolic hyper-
tension. Induction of VT by electrophysiologic stimula-
tion correlated with spontaneous VPCs on 24-hour
ambulatory electrocardiographic monitoring. Sudden
death was a rare event. Prognostic indicators for sudden
death could not be determined by statistical analysis.
Nevertheless, there were important features common to
the patients who died, namely, VPCs on ambulatory
monitoring and right ventricular diastolic hypertension.

Right ventricular hemodynamic status: Several in-
vestigators consider the association of right ventricular
systolic or diastolic hypertension and VPCs as a signifi-
cant risk factor for sudden death.10.16.17.20 This associa-
tion, however, was not found in reports by Tamer et al?!
and Friedli et al.® In this study, right ventricular systolic
hypertension was related to VPCs on 24-hour ambula-
tory electrocardiographic monitoring and induced sus-
tained VT on electrophysiologic study, but was not sig-
nificant on stepwise logistic regression analysis. Dia-
stolic hypertension was not significant by statistical
analysis, but was frequently found in patients with sud-
den death.

Ventricular arrhythmias on 24-hour ambulatory
electrocardiographic monitoring: Several investigators
have associated VPCs during electrocardiographic mon-
itoring with late sudden death in patients after repair of
tetralogy of Fallot.3-15 VPCs of variable severity were
found in 20 to 40% of patients with postoperative tetral-
ogy of Fallot by 24-hour ambulatory electrocardio-
graphic monitoring.>!31422 In our study, VPCs were
found in 48% of patients, including VT in 9% on 24-
hour ambulatory electrocardiographic monitoring, but
our selection of patients is biased by the requirement of
an electrophysiologic study.

Ventricular tachycardias induced at electrophysio-
logic study: The use of electrophysiologic stimulation to
identify patients at increased risk for sudden death due
to VPCs has been established in adults.3-27 The report-
ed electrophysiologic stimulation studies in patients with
postoperative tetralogy of Fallot have involved few pa-
tients and the prognostic significance of induced VT has
not been established.*1516.1% Deal et al'® found electro-
physiologic stimulation useful in reproducing clinical
ventricular arrhythmia and for selecting effective anti-
arrhythmic therapy. In our study, VT was induced by
varied stimulation protocols in 45% of patients with syn-
cope or presyncope, in 27% of patients with VPCs
on 24-hour ambulatory electrocardiographic monitoring
and in 47% of patients with VT on monitoring. Con-
versely, there was no induction of VT in asymptomatic
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patients with normal 24-hour ambulatory electrocardio-
graphic monitoring and normal right ventricular systolic
pressure. This combination may be a favorable marker
for the patient at low risk.

Induction of sustained monomorphic VT has been
accepted as an independent marker of increased risk of
sudden death in adult patients.2? The prognostic signifi-
cance of induced sustained VT in children is not known
and has not been answered by this study-—even though
no sudden deaths occurred in patients with induced
sustained VT. The induction of sustained VT by varied
stimulation protocols was related to the presence of
VPCs on 24-hour ambulatory electrocardiographic
monitoring, but did not relate to the complexity of the
VPCs.

The significance of induced nonsustained monomor-
phic VT is not known. In our study, the induction of
nonsustained monomorphic VT was related to symp-
toms of syncope or presyncope and VPCs on 24-hour
ambulatory electrocardiographic monitoring. It did not
differ in patients with uniform VPCs and no VPC on
24-hour ambulatory electrocardiographic monitoring.
Induced nonsustained polymorphic VT is considered a
nonspecific response to aggressive stimulation protocol
in adults.?3-28.29 However, polymorphic VT has been in-
duced in survivors of sudden death.3 Deal et al! sug-
gested that polymorphic VT may be the harbinger of
ventricular fibrillation and sudden death in postopera-
tive congenital heart disease. In our study, induced
nonsustained polymorphic VT was related to com-
plex VPCs on 24-hour ambulatory electrocardiographic

monitoring, although the number of patients in this
group was too small for reliable interpretation. This en-
tity may emerge as a possible risk predictor in patients
with postoperative tetralogy of Fallot.

In adults, the use of an aggressive stimulation pro-
tocol increases the sensitivity for inducing sustained
tachycardia, but decreases the specificity.?42 In our
study, induction of VT was increased with an aggressive
stimulation protocol. Although the stimulation varied,
the protocols were comparable in patients with complex
and simple VPCs or no VPC on 24-hour ambulatory
electrocardiographic monitoring. Hence, the association
of induced VT to spontaneous VPCs on 24-hour ambu-
latory electrocardiographic monitoring is reasonable.

Sudden death: Although the number of patients
with sudden death in this series was too small to identify
a prognostic marker, VPCs on 24-hour ambulatory elec-
trocardiographic monitoring and right ventricular dia-
stolic hypertension were present in most. Electrophysio-
logic stimulation of the right ventricle did not result in
induction of VT in any of these patients, but the stimu-
lation protocol was not aggressive.

In conclusion, we found that delayed age at surgical
repair of tetralogy of Fallot and longer follow-up after
repair were associated with increased spontaneous and
induced ventricular arrhythmias in later years. Electro-
physiologic induction of VT, both sustained and nonsus-
tained, was related to symptoms of syncope or presynco-
pe and spontaneous VPCs. Prognostic significance of in-
duced VT to sudden death could not be determined due
to varied stimulation protocols. Aggressive stimulation

EPS Arrhythmia: il SUS VT

% NON SUS MVT [ NON SUS PVT
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E 601
z FIGURE 2. Age at repair and follow-up in-
- terval are grouped as in Figure 1. EPS =
< 40 electrophysiologic study; NON SUS MVT
w = nonsustained monomorphic ventricular
o) tachycardia (VT). NON SUS PVT = non-
o 201 sustained polymorphic VT; SUS VT = sus-
° tained VT.
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FIGURE 3. VT induced on electrophysio-
logic study. CP = couplets, MVPC = multi-
form ventricular premature complexes,
UVPC = uniform ventricular premature
complexes, V.TACH = ventricular tachy-
cardia; other abbreviations as in Figure 2.
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protocol increased :he sensitivity of VT induction but
was performed in only 15% of patients. The association
of spontaneous VPCs and right ventricular dysfunction
may be a predictive factor for sudden death.

Prospective studies including aggressive and uniform
electrophysiologic stimulation are required to determine
the value of electrophysiologic studies in predicting sud-
den death in postoperative tetralogy of Fallot.
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