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SUMMARY
To evaluate the incidence and severity of ventricular arrhythmias 

(VA) in a large group of patients who underwent corrective surgery for 
tetralogy of Fallot (TF) more than 4 years previously (mean age at sur-

gery: 6 years 5 months), cardiac catheterization and cineangiography as 
well as 24 hour ambulatory Holter electrocardiography (HE) were per-
formed in 45 patients.

Fifteen (33%) of the 45 patients had VA of Lown grade 2 or greater. 
Patients with VA (group I) were found to be significantly older at surgery 
than patients without VA (group II) (p<0.05). There were no signi-
ficant differences in the ratio of postoperative right and left ventricular 
systolic pressures (RVSP/LVSP), and also right ventricular ejection frac-
tion (RVEF) between the 2 groups.

As far as we know, none of our patients has suffered a sudden late 
death after repair of TF. Still, the overall incidence of VA was signifi-
cantly high.
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T has been reported that 1 to 6 percent of patients after surgical repair of 

tetralogy of Fallot (TF) have suffered a late sudden death,1)-5) and ven-
tricular arrhythmias (VA) which are common in postoperative TF patients, 

have been considered as a cause.1)-4) However, factors which predispose to 
the high incidence of VA in patients after TF repair remain controversial 

and previous reports suggest that early surgery may reduce the occurrence 
of this late complication.1)-4), 6)-8)

We evaluated cardiac rhythm postoperatively using 24 hour ambulatory 
Holter electrocardiography (HE) in. patients selected from a group who
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underwent corrective surgery of TF at a relatively early age (mean: 6 years 5 

months).

SUBJECTS AND METHODS

The study population consisted of a total of 182 consecutive patients 

with TF, diagnosed at Kyushu University Hospital by cardiac catheterization 

and cineangiography, who underwent intracardiac repair during the 16 year 

period from 1966 to 1982. Those who died within 4 weeks after operation 

were excluded. Their ages at operation ranged from 2 years 2 months to 18 

years 6 months (mean: 6 years 5 months), and their ages at the time of writ-

ing this report ranged from 7 years 5 months to 37 years (mean: 17 years 10 

months). The interval from surgery ranged from 4 years 2 months to 20 

years 9 months (mean: 10 years 11 months). From this group, 176 patients 

(97%) were successfully contacted and confirmed to have been free of serious 

complications, including late death.

In the present study, from among 176 patients HE, was performed in 

45 patients. These patients were being followed mainly at our university 

hospital. No other selection criteria were employed. All patients on whom 

HE was performed underwent postoperative cardiac catheterization and 

cineangiography. No patient was taking cardioactive medication at the time 

of this study. Right and left ventricular volume characteristics were estimated 

from biplane cineangiograms by the area-length method. The incidence and 

severity of VA and its relation to factors such as the age at surgery, the interval 

from surgery, and postoperative cardiothoracic ratio at this study were eval-

uated. The severity of VA by HE was graded according to Lown's criteria.9)

The surgical procedure for correction of TF was similar in each patient 

and used cardiopulmonary bypass with right ventriculotomy for patch closure 

of the ventricular septal defect and resection of infundibular hypertrophy.

A p value of <0.05 was considered to be significant using Student's 

t-test.

RESULTS

Standard 12 lead electrocardiogram: 

All 45 patients were in sinus rhythm. Complete right bundle branch 

block was present in 36 (80%) patients; 4 (9%) had left axis deviation 

(mean frontal QRS axis of <-30•‹). Ventricular premature contractions 

(VPC) were present in 5 (11%) patients.
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Severity of VA by HE (Table I): 
Among the 45 patients evaluated by HE, no VPCs (grade 0) were de-

tected in 20 (44%) patients. Grade 1 VA (occasional VPCs, but no more 
than 30 in any hour of monitoring) was found in 10 (22%) patients; grade 2 

(more than 30 VPCs in any hour of monitoring) in 4 (9%); grade 3 (multi-
form VPCs) in 6 (13%); grade 4-a (couplets) in 2 (4%); grade 4-b (ven-
tricular tachycardia, i.e., 3 or more VPCs in succession) in 3 (7%). In all 3 

patients with grade 4-b, VA appeared at night during sleep. Four of 5 pa-
tients who had VPC on a standard 12-lead ECG had VA of Lown grade 2 or 

greater on HE.
Clinical/hemodynamic characteristics and late VPCs on HE (Table II): 
Of 45 patients evaluated, there were 25 patients with late VA (group

Table I. Severity of Ventricular Arrhythmia by Ambulatory 24 Hour 

Holter ECG in Patients after Repair of TF (n=45)

Table II. Characteristics in Patients with Late Ventricular Arrhythmias (Group I) 
and without (Group II) on Ambulatory 24 Hour Electrocardiogram 

(Holter ECG) after Repair of TF (n=45)

VPC(+)=ventricular premature contraction, present; VPC(-)=VPC, absent; RVSP=right 
ventricular systolic pressure; LVSP=left ventricular systolic pressure; RVEF=right ventricular 
ejection fraction; RVEDV=right ventricular end-diastolic volume; LVEF=left ventricular ejec-
tion fraction; n.s.=not significant.



798 FUKUSHIGE, ET AL.  Jpn. Heart J. N
ovember 1988

I) and 20 patients without VA (group II) on HE. The age at surgery was 
significantly higher in group I (p<0.05). The interval from surgery was also 
longer in group I, but there was no significant difference between the 2 groups. 
Right ventricular end-diastolic volume (RVEDV) was significantly increased 
in group II (p<0.05).

Operative methods and late VPCs: 
According to the operative reports, all of the patients received right 

ventriculotomy, and neither the use of an outflow patch nor reoperation was 
significantly related to VPCs.

DISCUSSION

Earlier studies revealed that 30 to 75% of late deaths in patients after 
repair of TF were sudden, and arrhythmias, especially ventricular arrhyth-
mias (VA), have been considered to be the cause.1)-5) In our series, VPC 
was detected with HE in 25 (56%) patients out of 45 in total, but it was 
found on standard 12-lead ECG in only 5 (11%) patients. Brodsky et al 
detected VA with HE in 25 (50%) of 50 healthy medical students, but they 
reported that the incidence of multifocal VPCs was 12%. In our study, 24% 
had VA of Lown grade 3, i.e., multifocal VPCs or greater (Table I), indicat-
ing a clear difference from healthy subjects.

The fact that all 3 patients with VA of Lown grade 4-b, i.e., short runs 
of VPCs on HE had less than one hundred VPCs per day in total and that 
2 of 3 patients had no VPC on standard 12-lead ECG and were completely 
free from subjective symptoms and complaints, suggests the necessity of care-
ful observation postoperatively, even of patients with few PVCs. Dunnigan 
et al11) also stated that ambulatory ECG monitoring was normal in 2 of 3 

patients and none of them had symptoms of exercise intolerance or congestive 
heart failure before the development of symptoms of life threatening ventric-
ular tachycardia.

The incidence of 33% of VA of Lown grade 2 or greater in our patients 
is slightly lower but still comparable to those reported by Wessel et al12) and 
Kavey et al,13) who noted VA of Lown grade 2 to 4 with HE in 41% and 
42% of their patients after repair of TF, respectively. The incidence is even 
higher in the study by Rosing et al who reported that 67% of their patients 
showed VA of grade 2 or greater after repair of TF.14)

Katz et al15) reported that the age at surgery for TF largely influenced 
the occurrence of arrhythmias after operation, and that the frequency of 
arrhythmias in the patients operated on at 30 years of age was 17 times greater 
than that of patients who were 15 at the time of surgery. Similarly, patients
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who were 5 years of age at surgery had 1.4 times the frequency of arrhythmias 
seen in patients 2 years of age at surgery. Although our patients underwent 
corrective surgery at relatively younger ages compared to the previous re-

ports1)-4), 6), 12)-15) and none of them has succumbed to sudden late death, still 
the overall incidence of VA was significantly higher than normal. Recently, 
Sullivan et al7) reported that VA was already present preoperatively in 8 

(45%) of 18 patients in an older group aged 13 to 43 years at the time of sur-
gical repair and that VA could be part of the natural course of the disease 
and early surgery may reduce the occurrence of this late complication.

James et al16) stated that the average age of patients at surgery for TF 
who showed VA on postoperative exercise testing was 15.6 years and that the 
VA at the exercise test reflected impaired cardiovascular function, i.e., de-

pressed right ventricular function. But Deanfield et al8) stated that late VA 
is related to the timing of surgery rather than to the operation itself or to 
residual hemodynamic abnormalities. In our study, also, there were no sig-
nificant differences in the ratio of postoperative right and left ventricular 
systolic pressures (RVSP/LVSP), and right ventricular ejection fraction 

(RVEF) between the 2 groups.
VA in patients after repair of TF is closely related to the age at the time 

of surgical correction and no subjective symptoms and signs and/or no ar-
rhythmia on a 12-lead standard ECG does not necessarily mean a low risk of 
developing a fatal arrhythmia. The higher the age at surgery and the longer 
the postoperative interval, the more careful a follow-up, especially rhythm 
evaluation, is necessary for all patients after repair of TF, regardless of clinical 
symptoms and signs.
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