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Between 1951 and 1981, 13 adult patients underwent total 
intracardiac repair of tetralogy of Fallot at the Cleveland Clinic. 
Mean age at the time of repair was 29.4 years (range 18—44 years). 
Eighty-five percent of the patients were classified preoperatively 
as New York Heart Association Functional Class III or IV. Three 
of the patients had had no previous palliation. Mean duration of 
follow-up was 49.4 months. There was no early or late mortality. 
Postoperatively all patients experienced a dramatic fall in right 
ventricular systolic pressure with no right ventricular outflow tract 
gradient. Postoperative arrhythmias severe enough to require 
treatment occurred in only two patients. These findings suggest 
that an aggressive surgical approach can be undertaken in adults 
with uncorrected tetralogy of Fallot. 
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Tetralogy of Fallot is the most common form of cyanotic 
congenital heart disease. It is estimated that without sur-
gical intervention, only about 10% of the patients survive 
beyond 21 years of age.1-3 Several studies4- have examined 
the adult with tetralogy of Fallot, but few have documented 
the hemodynamic benefit of surgery. We report our ex-
perience with 13 patients who were over the age of 18 
years at the time of total intracardiac repair at the Cleve-
land Clinic Foundation between 1951 and 1981. 

The 13 patients in our series included eight males and 
five females. Three had had no previous palliation. Of the 
10 who had undergone previous palliation, six had had 
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T a b l e 1. P r e o p e r a t i v e s y m p t o m s 

Symptom No. % 

Cyanosis 11 84.6 
Dyspnea on exertion 11 84.6 
Fatigue 7 53.8 
Restricted activity 3 21.4 
Hemoptysis 2 14.3 
Pneumonia 2 14.3 
Headache 2 14.3 
Syncope 1 7.1 
Subacute bacterial endocarditis 1 7.1 
Cerebrovascular accident 0 0 

T a b l e 2 . P r e o p e r a t i v e p h y s i c a l f i n d i n g s 

Finding No. % 

Cyanosis 11 84.6 
Clubbing 10 76.9 
Right ventricular lift 9 64.3 
Systolic thrill 5 38.5 
Systolic click 3 21.5 
Single S2 8 61.5 
Diminished P2 4 30.7 
S4 1 7.1 
Systolic murmur 13 100.0 
Continuous murmur 4 28.6 
Diastolic murmur 0 0 

T a b l e 3 . P r e o p e r a t i v e h e m o d y n a m i c d a t a 

RVSP RVOG PAP 
Patient (mmHg) (mmHg) (mmHg) 

1 82 57 25/15 

3 130 
4 130 112 18 (systolic) 
5 110 
6 115 90 25/15 
7 110 85 25/20 
8 115 * 85/65 
9 120 100 20 (systolic) 

10 95 75 20 (systolic) 
11 
12 70 50 20/15 
13 125 85 40/25 

PAP = pulmonary artery pressure; RVOG = right ventricular out-
flow tract gradient; RVSP = right ventricular systolic pressure. 
* Previous Potts shunt. 
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Potts anastomoses and three had had Blalock 
shunts. One patient had had an aortopulmonary 
artery graft. Their age at palliation had ranged 
from 5 months to 19 years. The time from pallia-
tion to total repair ranged from 2-30 years with 
a mean of 19.9 years. The age at intracardiac 
repair ranged from 18-42 years with a mean of 
29.6 years. 

Materials and methods 
The charts of all patients were examined. In 

addition to a full clinical evaluation, preoperative 
assessment included echocardiography (8 pa-
tients), right and left ventricular ejection frac-
tions as determined by radionuclide techniques 
(7 patients), exercise stress testing (7 patients), 
and holter monitor recordings (2 patients). All 
patients underwent cardiac catheterization pre-
operatively, although hemodynamic data were 
only available in 12. 

Nine of the 13 patients returned for postop-
erative evaluation between January and June 
1983. Of the five patients who did not return, 
three had moved away from the Cleveland area, 
one patient refused, and one patient was lost to 
follow-up. The evaluation of three patients who 
were unable to return was carried out through 
their local physician. 

Postoperative evaluation included echocar-
diography (11 patients), exercise stress testing (8 
patients), nuclear ejection fraction determina-
tions (8 patients), and holter monitor recordings 
(6 patients). Ten patients underwent repeat cath-
eterization including hemodynamic measure-
ments. 

Results 
Preoperative findings 

Symptoms: Cyanosis (84.6%) and dyspnea on 
exertion (84.6%) were the most common symp-
toms prior to total repair. Other less frequent 
findings are as listed in Table 1. On the New York 
Heart Association Functional classification, one 
patient was Class I, one was Class II, 10 were 
Class III, and one was Class IV. 

Physical examination: The physical findings 
are summarized in Table 2. Cyanosis was apparent 
in 84.6% and clubbing was present in 76.9%. 
None of the patients had congestive heart failure. 
All patients had a systolic murmur. 

Hemoglobin and hematocrit: The preoperative 
hemoglobin level ranged from 12.3-25.8 g/dl 
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with a mean of 19.6 g/dl. Hematocrits ranged 
between 36.5-75.3% with a mean of 58.5%. 

Chest radiography: Cardiomegaly was present 
in five patients (38.5%). Seven (53.8%) patients 
had evidence of right ventricular enlargement, 
while only two (15.4%) patients had evidence of 
left ventricular enlargement. Decreased pulmo-
nary vascularity was apparent in only one (7.7%) 
patient. 

Electrocardiography: Preoperatively, all pa-
tients had normal sinus rhythm. Eleven (84.6%) 
had electrocardiographic evidence of right ven-
tricular hypertrophy. Nine (69.2%) showed right 
axis deviation. Three (23%) of the patients had 
complete right bundle branch block and one 
(7.7%) patient had first-degree atrioventricular 
block. None of the patients were noted to have 
premature ventricular contractions (PVCs) on 
the resting electrocardiogram. 

Echocardiography: Eight of the 14 patients 
had preoperative echocardiography. Seven 
(87.5%) showed evidence of right ventricular 
enlargement. In four patients (50%) overriding 
of the aorta was apparent. Three (37.5%) dem-
onstrated abnormal septal motion. In only one 
(12.5%) patient was this ventricular septal defect 
visualized and this patient also demonstrated an 
atrial septal defect. None of the patients showed 
either left ventricular or left atrial enlargement. 

Radionuclide ejection fraction: Seven patients 
had preoperative radionuclide ejection fraction 
determinations. All seven had first-pass right ven-
tricular ejection fraction (RVEF) studies and six 
had concomitant left ventricular ejection fraction 
(LVEF) studies. RVEF ranged from 22-50% 
(normal >45%) with a mean of 38%, while LVEF 
ranged from 30-70% (normal >50%) with a 
mean of 56%. All studies were performed at rest. 

Exercise stress testing: Seven patients under-
went exercise stress testing according to the 
standard Bruce protocol. Six (85.7%) had normal 
heart rate and blood pressure response to exer-
cise. T h e other patient showed a diminished re-
sponse. Two (28.6%) patients had occasional 
unifocal PVCs during exercise; none had ventric-
ular tachycardia. None of the patients had ST 
segment changes or chest pain during exercise. 

Holter monitor: Only two patients had preop-
erative ambulatory electrocardiographic moni-
toring. One had documented ventricular tachy-
cardia, which was easily inducible during electro-
physiologic study, and the other showed only rare 
unifocal PVCs. 
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Fig. 1. Preoperat ive and postoperative New York Hear t Asso-
ciation functional class in 13 adult patients. 
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Fig. 2. Fall in hemoglobin (Hb) concentrat ion following total 
correction of tetralogy of Fallot. 
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Table 4. Postoperat ive physical f indings 
Finding No. % 

Cyanosis 0 — 

Clubbing 4 30.7% 
Right ventricular lift 8 61.5% 
Thrill 0 — 

Click. 1 7.7% 
Single S2 3 23.0% 
Decreased P2 3 23.0% 
S4 3 23.0% 
Systolic murmur 13 100.0% 
Continuous murmur 0 — 

Diastolic murmur 4 30.7% 

Hemodynamics: Preoperative hemodynamic 
data were available for 11 of the 13 patients 
{Table 3). Right ventricular systolic pressure 
ranged from 70-130 mmHg witb a mean of 109 
mmHg. One patient had no demonstrable com-
munication between the right ventricle and pul-
monary artery and survived because of a previous 
Potts shunt. Right ventricular outflow tract gra-
dient was measured in nine of the patients. The 
gradient ranged from 50-112 mmHg with a 
mean of 76.5 mmHg. Pulmonary artery pres-
sures were measured in 10 patients. Systolic pres-
sures ranged from 18-85 mmHg witb a mean of 
29.8 mmHg, while diastolic pressures ranged 
from 15-65 mmHg with a mean of 28.8 mmHg. 

Surgical procedure: All functioning aortopul-
monary shunts were surgically closed and one 

Table 5. Postoperat ive hemodynamic data 
RVSP RVOG MPAP 

Patient (mmHg) (mmHg) (mmHg) 

2 75 40 55* 
3 45 — 38 
4 31 0 - 4 26 
7 32 — 36 
8 50 — 35 
9 30 — 30 

11 50 — 30 
12 30 — — 

13 30 — 18 
14 34 — 24t 

MPAP — mean pulmonary artery pressure; RVOG = right ventric-
ular outflow gradient; RVSP = right ventricular systolic pressure. 
* Residual ventricular septal defect requiring second operation for 
closure. 
•f Residual ventricular septal defect 8 months postoperatively, trivial 
at 3 years. 
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patient had closure of a patent ductus arteriosus. 
Twelve (92.3%) patients had pulmonary infun-
dibulectomy and all ventricular septal defects 
were closed by a patch. Six patients had excision 
of their pulmonary valve; four of these had pul-
monary valve replacement. Eight (61.5%) of the 
patients required a right ventricular outflow tract 
patch and two of these were extended across the 
pulmonary annulus without valve replacement. 
In two patients, a right ventricular-to-pulmonary 
artery valve conduit was inserted. Three (21.5%) 
of the patients had closure of an atrial septal 
defect. 

Surgical mortality: There was no early or late 
mortality in our series of 13 patients undergoing 
total intracardiac repair for tetralogy of Fallot as 
adults. 

Postoperative findings 
Follow-up after total repair ranged between 2 

months and 11 years with a mean of 49.4 months. 
Symptoms: Following total repair, none of the 

patients were cyanotic and only two (15.4%) com-
plained of dyspnea on exertion. All patients had 
dramatic improvement in their functional capa-
bilities {Fig. 1). Ten of the patients were New 
York Heart Association Functional Class I and 
three (23%) were Functional Class II. 

Physical examination: All patients had a sys-
tolic murmur and four (30.7%) patients had a 
diastolic murmur. Eight (61.5%) patients had a 
palpable right ventricular lift. Clubbing persisted 
in four (30.7%) patients. The remainder of the 
postoperative physical findings are presented in 
Table 4. 

Hemoglobin and hematocrit: Following total re-
pair, a significant fall of hemoglobin and hema-
tocrit levels from preoperative levels was noted 
{Fig. 2). Postoperative hemoglobin levels ranged 
from 8.0-16.4 g/dl with a mean of 13.7 g/dl, 
while hematocrit ranged from 23.6-46.7% with 
a mean of 40.4%. 

Chest radiography: Vascularity was thought to 
be normal in 11 (84.6%) patients. Seven (53.8%) 
had evidence of cardiomegaly, five (38.5%) had 
right ventricular enlargement, and one (7.7%) 
had left ventricular enlargement. 

Electrocardiography: All but one patient 
(92.3%) remained in sinus rhythm postopera-
tively. The one exception had atrial fibrillation. 
Ten (76.9%) patients had a pattern of complete 
right bundle branch block. One patient showed 
incomplete right bundle branch block, one pa-
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Fig. 3. Comparison of preoperative and postoperative right 
ventricular systolic pressures (RVSP). 

Fig. 4. Comparison of preoperative and postoperative right 
ventricular outflow tract gradients (RVOG). 

dent showed first-degree atrioventricular block, 
and one had complete right bundle branch block 
and left anterior hemiblock. None of the patients 
demonstrated ventricular premature beats on 
routine electrocardiography. 

Echocardiography: Eleven of the 13 patients 
were assessed echocardiographically during fol-
low-up. Ten (91%) demonstrated abnormal sep-
tal motion, seven (63.6%) had right ventricular 
enlargement, and three (27.3%) showed evidence 
of left ventricular enlargement. One patient was 
noted to have mitral valve prolapse. 

Radionuclide ejection fraction: Eight of 13 pa-
tients had left and right ejection fraction deter-
minations by radionuclide technique. Postopera-
tive right ventricular ejection fraction ranged 
from 27-53% with a mean of 45%, while left 
ventricular ejection fraction ranged from 41-
63% with a mean of 50.3%. 

Exercise stress testing: Eight patients were as-
sessed postoperatively by exercise stress testing 

according to the standard Bruce protocol. All 
had normal heart rate and blood pressure re-
sponses. Three patients had ventricular prema-
ture beats induced by exercise; of these, two had 
occasional unifocal PVCs and one patient had 
multifocal PVCs with couplets. None of the pa-
tients demonstrated ST segment changes or had 
chest pain during exercise. 

Holter monitor: Of the eight patients assessed 
postoperatively by ambulatory electrocardi-
ographic monitoring, seven demonstrated sinus 
rhythm while one remained in atrial fibrillation. 
Five patients demonstrated ventricular prema-
ture beats, only two of which required treatment. 
One patient had PACs and 1 showed a 20-beat 
run of paroxysmal supraventricular tachycardia. 
One patient had periods of Type II second-de-
gree atrioventricular conduction. 

Hemodynamics: Postoperative hemodynamic 
data were available in 10 of the 14 patients and 
are summarized in Table 5. All but one patient 
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showed a marked reduction in right ventricular 
systolic pressure (Fig. 3) and virtually no gradient 
across the right ventricular outflow tract (Fig. 4). 
One patient demonstrated persistently elevated 
right ventricular systolic pressure postoperatively 
(75 mmHg) with a 40-mmHg outflow tract gra-
dient. This individual was subsequently found to 
have a residual ventricular septal defect and re-
quired a second operation for closure. Another 
patient was thought to have a residual ventricular 
septal defect at 8 months postoperatively, but 3 
years later this was thought to have undergone 
spontaneous closure. 

Discussion 
Controversy exists with regard to the actual 

operative mortality in the adult undergoing total 
repair of tetralogy of Fallot. Previous studies7'9-12 

reported mortalities ranging from 0-29%. In our 
experience with 13 adult patients, three of whom 
had no previous palliation, there was no operative 
mortality. Although no single reason is known, 
previous reports have ascribed this mortality to a 
poor hemodynamic result, endocarditis, pulmo-
nary edema, hemorrhage, and neurologic com-
plications. None of the 13 patients in our series 
had any of these complications. One possible 
explanation for the improved hemodynamics and 
no mortality in our series is the proved dramatic 
fall in right-sided pressures postoperatively. In 
addition, nine patients had a competent pulmo-
nary valve. Of the four patients with a postoper-
ative diastolic murmur, two had had a pulmonic 
valvulotomy at the time of surgery and two had 
the pulmonary valve excised. 

In recent years, sudden death has become a 
recognized late complication in patients undergo-
ing total repair of tetralogy of Fallot. Kulbertus 
et al13,14 were the first to report the association 
between right bundle branch block and left an-
terior hemiblock with intracardiac repair of te-
tralogy of Fallot. Concern was expressed at that 
time about the possibility of late complete heart 
block. Wolf et al15 and Moss et al noted an 
increased incidence of late complete heart block 
and sudden death in these patients. In a report 
by Cairns et al17 75% of patients with late-onset 
complete heart block could be demonstrated to 
have had early transient complete heart block 
postoperatively. However, more recent studies 
suggest that patients manifesting ventricular ar-
rhythmias are at higher risk for sudden 
death.18-21 Garson et al5 noted the association 

between ventricular premature beats and ele-
vated right ventricular systolic or end diastolic 
pressure and their presence in the postoperative 
period, which was thought to represent a poor 
surgical result. Thirty-eight percent of their pa-
tients with documented ventricular premature 
beats in the postoperative period later died sud-
denly. However, Tamer et al22 refuted the asso-
ciation between ventricular premature beats, sud-
den death, and residual right ventricular systolic 
hypertension, and thought that it might reflect 
the poor tolerance of patients with impaired 
hemodynamic function to the circulatory effects 
of arrhythmias. In addition, two studies22'23 

showed ventricular dysrhythmias in patients 
undergoing repair at an older age, possibly re-
flecting progressive fibrotic change in a right 
ventricle previously subjected to a prolonged pe-
riod of systemic level hypertension. The ventri-
culotomy scar itself may well lead to localized 
increased automaticity in the development of a 
re-entrant mechanism for ventricular tachycar-
dia.24-27 Eight of our patients received a right 
ventricular outflow tract patch and this may con-
tribute to the low incidence of postoperative ar-
rhythmias, inasmuch as the patch may interrupt 
any latent reentry mechanism. Three of our pa-
tients demonstrated ventricular dysrhythmias 
preoperatively as assessed by electrocardiogra-
phy, ambulatory electrocardiography, or exercise 
stress testing. Only two of our 13 patients who 
had ventricular premature beats postoperatively, 
detected by ambulatory electrocardiographic 
monitoring, exercise stress testing, or both, re-
quired treatment. Perhaps the low incidence of 
postoperative ventricular premature beats in our 
series reflects the lower right ventricular systolic 
pressures when compared with previous studies.5 

Even in the presence of low right ventricular 
systolic pressures, two of our patients required 
treatment for postoperative ventricular prema-
ture beats. We therefore think that the associa-
tion between postoperative ventricular prema-
ture beats and right ventricular systolic pressure 
is tenuous. If right ventricular fibrosis and scar-
ring are to be implicated as causative factors of 
ventricular irritability, further long-term follow-
up will be necessary. 

Finally, we have demonstrated a significant 
hemodynamic and symptomatic benefit in adults 
undergoing total intracardiac repair of tetralogy 
of Fallot. All of our patients experienced a dra-
matic reduction in right ventricular systolic pres-
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sure and right ventricular outflow tract gradient, 
an improved RVEF, and improved physical work 
capacity. 

We conclude, therefore, that (1) adults can 
safely undergo total intracardiac repair of tetral-
ogy of Fallot with no operative mortality, (2) 
patients demonstrate dramatic improvement in 
symptoms, hemodynamics, and exercise capabil-
ity following such intracardiac repair, and (3) 
postoperative evaluation should include electro-
cardiography, exercise stress testing, and ambu-
latory electrocardiographic monitoring in order 
to identify those patients in whom ventricular 
arrhythmias may develop. Based on our data, 
aggressive surgical therapy in adult patients with 
uncorrected tetralogy of Fallot should be pur-
sued. 

Douglas S. Moodie, M.D. 
Department of Cardiology 
Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 
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