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Right Ventricular Structureand Function as Possible
Deter minants of Surgical Outcome 30 Years After Repair
of Tetralogy of Fallot

Sonia FE Mesquita, Raquel Snitcowsky (in memoriam), Antonio Augusto Lopes

Sao Paulo, SP - Brazil

Objective - To identify the variablesthat may bein-
volved in the persistence of symptoms (functional classl|,
I11, or IV vs. 1) in patients being followed up for 30 years
after surgical repair of tetralogy of Fallot.

Methods - Fifty-three patients (27 women), who un-
derwent correctivesurgery for tetral ogy of Fallot between
1960 and 1970, were studied. Their agesranged from 7
monthsto 26 years. At the end of follow-up, 13 patients
wer e asymptomatic and the remaining wer e in functional
classll (N=24), 111 (N=15),and IV (N=1). Todifferentiate
asymptomatic from symptomatic patients, the following
variableswere analyzed: age at surgery, need for wide-
ning the pulmonary ring and trunk, need for a second (2nd
OP) or 3rd operation, residual defect of theinterventricu-
lar septum, residual regurgitation of the pulmonary valve,
systolic gradient through the right ventricular outflow
tract, right ventricular dilation or hypertrophy (RVH),
cardiothoracicindex (CTI), right and |l eft ventricul ar ejec-
tion fraction (RVEF/LVEF), and arrhythmias.

Results- Theunivariateanalysis showed an associa-
tion between the presence of symptoms and the 2nd OP
(P=0.03), anincreaseinthe CTl (P=0.0001), moderateto
severe RVH (P=0.002), and dilation (P=0.0003). In the
logistic regression model, the combination of the 2nd OP
(P=0.008), the RVH (P=0.002), and the reductionin
RVEF (P=0.01) deter mined the presence of symptoms.

Conclusion - Despite the surgical treatment, right
ventricular remodeling and performance were the major
determinantsin the late follow-up of tetralogy of Fallot.

Keywords tetralogy of Fallot, surgery, right ventricular
structure

Instituto de Coracéo of the Hospital das Clinicas - FMUSP

Mailing address: Antonio Augusto Lopes - InCor - Cardiologia Pediétrica e
Cardiopatias Congénitas - Av. Dr. Eneas C. Aguiar, 44

Cep 05403-000 — S&o Paulo, SP, Brazil - E-mail: aablopes@usp.br

English version by Stela Maris C. e Gandour

Received 7/1/02

Accepted 4/14/03

Currently, expectations of good surgical resultsin pa-
tientsundergoing repair of tetralogy of Fallotexist. Thispers-
pectiveismainly related to the evolution of surgical techni-
guesand i ntensive postoperative measures, and the possibi-
lity of correctioninanearly phasein childrenand evenin neo-
nates. However, thisfavorabl e situation may not bethe case
for patients who underwent surgery 4 decades ago.

Postoperative complications have been reported and
related, fromthefirst moment, to theindication of reopera-
tion*2, and, at asecond moment, to the performance of sur-
gical treatment in later phaseswith aconsequent reduction
insurvival ®andinright ventricular remodeling 8, justifying
systolic and diastolic dysfunctionsin late outcome. The
present study analyzed the clinical features of patientsun-
dergoing repair of tetral ogy of Fallot between 1960 and 1970
whoremained alive 30 yearsor moreafter surgery.

Our major objectivewastoidentify possiblepredictive
variablesthat could hel pin differentiating between asymp-
tomatic patients and those with persistent symptoms.

M ethods

The study comprised patients being treated in the de-
partment of pediatric cardiol ogy and congenital heart disea-
sesinthe adult at the Instituto do Coragado between 1995
and 2001. All patientswith at least 30 years of postoperati-
veevolution werestudied. Their medical recordsincluded
systematic annual clinical evaluations during the period
studied. The patientswith pulmonary atresiaand interven-
tricular septal defect wereexcluded. For 4 patients, who had
undergone reoperation, the date of the first operation was
considered to be the beginning of the study (March 1960 -
November 1970). Itisworth noting that many patientsrefer-
redtothelnstituto do Coragdo comefrom distant regionsof
the country, and social reasons made their foll ow-up diffi-
culttocontinue. Therefore, the patientsincludedin thisstu-
dy were not consecutive, and they were assumed to repre-
sent the population of patients operated on between 1960
and 1970whowerealive 30 yearsafter the operation.
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The patients were assessed annually by the same me-
dical team during the period of at least 30 yearsfollowing
surgical repair of tetralogy of Fallot. The patients under-
went acompl eteseriesof noninvasiveexaminationsat theti-
meof thelast clinical assessment. Datafromthe postopera-
tive period longer than 30 years, including examinations
and surgical reports, were obtained from the medical re-
cords of the patients.

Of the surgical information, age at surgery and the
type of the procedure performed for right ventricular out-
flow tract correction werewritten down, mainly theneed for
widening thetrunk of thepulmonary artery anditsbranches
andthering of the pulmonary valve. Clinical complications
and the eventual need for a second or third operation for
correction of theresidual defectswerealso analyzed.

At the end of the follow-up, the following datawere
obtained: functional capacity according to the criteria of
the New York Heart Association (NYHA), complaints of
pal pitations, and the occurrence of syncopes. Inadditionto
conventional electrocardiography, electrocardiographic
monitoring (24-hour Holter) was used to identify arrhy-
thmias. The cardiothoracic index was calculated using
chest radiography and right and left ventricular ejection
fractionsobtai ned on radioi sotopi ¢ ventricul ography. Dop-
pler echocardiography wasused to assesstheresidual intra-
cardiac defects and to estimate the systolic gradient in the
right ventricular outflow tract, the degree of regurgitati on of
the pulmonary and tricuspid valves, and the degree of hy-
pertrophy and dilation of theright ventricle. The 2 | atter va-
riableswerequalitatively assessed by 2 independent obser-
verswho ignored the other clinical data. Theinformation
wasclassifiedinto categories: 0=absent or mild; 1I=modera-
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teor severe. In caseswhere aconsensuswas not reached, a
third opinion was obtained.

Theresultsareshown asmeans+ standard deviations,
or asmediansand their respectivevariation range. Theva-
riableswere nonparametrically tested, using the chi-square
test or the Fisher exact test. For the continuous variables,
the Student t test was used. The possible associ ations of
the variables and the presence of symptoms were tested
using, initially, univariate analysis (chi-square test and
Fisher test or Student t test), and, later, themultivariateana-
lysis(logisticregression). Thesignificancelevel of 0.05was
adopted in all tests.

Results

Thestudy comprised 53 (27 women) patientsfollowed
upfor amean period of 32.5(30-39.7) years, withamean age
a surgery of 6 years(7 monthsto 26 years). Attheend of the
follow-up, the patients’ agesranged from 31.2to 60 years,
and 13 patients were asymptomatic and 40 werein thefol -
lowing NY HA functional classes: |1 (N=24), 111 (N=15),and
IV (N=2).

Themajor symptomsreported by the patientswereas
follows: dyspneaon exertionin 40 patients, pal pitationsin
19, and syncopein 4. Thromboembolismandinfectiveendo-
carditiswererare eventsin thisgroup of patients (1 and 2
episodes, respectively). Cyanosisnot related toresidual in-
tercavitary communication and associated with the deve-
lopment of pulmonary arteriovenousfistulaswasobserved
in2 patients.

Of the 19 patientscomplaining of pal pitations, 18 had
relevant atrial or ventricular arrhythmiasonthe el ectrocar-

Fig. 1 - Echocardiographic analysisin the postoperative evol ution of a38.7-year-old man operated upon at the age of 10.9 years, with postoperative evol ution of 49.5 years. The patient
was reoperated upon for pulmonary valve replacement, tricuspid valve plasty, and closure of aresidual interventricular septal defect. Although the results regarding the correction of
RVOT (A, patch) weresatisfactory, the patient remainssymptomatic (FC111) withaCT! of 65and RV EF of 27%. LA- leftatrium; LV - left ventricle; RA- right atrium; RV-right ventricle;
PA- pulmonary trunk; RPA- right pulmonary artery; L PA- left pulmonary artery; RVOT- right ventricular outflow tract.
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Table| - Functional class at the end of follow-up

Tablell - Probability of dyspnea on exertion in an arbitrary condition

Cardiothoracic RV/PA gradient  RVEF LVEF

index (%) (mmHg) (%) (%)
Mean + standard 56+5 30+ 20 42+9 51+9
deviation
Variation 46 - 68 4-114 13-58 28-69
Median 56 23 42 51

LVEF and RVEF- left and right ventricular gjection fraction; PA- pulmonary
artery; RV- right ventricle.

diogram or on Holter (specificity of 95%, P=0.0004). Howe-
ver, thedetection of the symptom was not sensitive enough
tojustify the arrhythmias detected, because that symptom
wasreported by only 18 of the 34 patientswho had signifi-
cant arrhythmias.

During follow-up, 26 patients underwent a second
surgery, and 4 of them underwent athird. Reoperation was
performed mainly to treat the residual obstruction of the
right ventricular outflow tract (N=19), to closeaninterventri-
cular septal defect (N=7), tocloseaninteratrial septal defect
(N=4), toreplacethepulmonary valve(N=8), andto perform
tricuspidvalveplasty (N=3) (fig. 1).

At the end of follow-up, the most significant findings
inregardtoresidual defectswereinterventricular septal de-
fect (N=2); systolic gradient betweentheright ventricleand
thepulmonary artery, rangingfrom4to 114mmHginall pa-
tients; moderateto severe pulmonary (N=23) and tricuspid
(N=7) regurgitation.

Thevaluesof the cardiothoracicindex and of theright
and | eft ventricul ar gjection fractionsobtained at theend of
follow-up are shownintablel. Moderate to severe hyper-
trophy and dilation were observed in 28 and 27 patients,
respectively.

Aiming at identifying thefactorsthat could berelated
to the presence of dyspneaon exertion in the late postope-
rative evolution, thefollowing variableswere analyzed: 1)
age at surgery; 2) need for widening thering of the pulmo-
nary valve or the pulmonary artery; 3) need for asecond or
third operation; 4) residual systolic gradient in theright
ventricular outflow tract; 5) moderateto severe pulmonary
or tricuspid val veregurgitation; 6) residual interventricular
septal defect; 7) cardiothoracicindex; 8) moderateto severe
right ventricular hypertrophy or dilation; 9) right and left
ventricular gjection fraction; 10) presence of significant
arrhythmias on Holter monitoring, such as sustained or
nonsustained atrial tachycardia, nonsustained ventricular
tachycardia, and the number of extrasystoles.

Theunivariateanaysisshowed agreater preval ence of
dyspnea on exertion in the patients undergoing a second
operation (88%) ascompared withthosewhowerenot reope-
rated upon (63%) (P=0.03). Compared withtheasymptomatic
patients, the symptomatic ones had greater cardiothoracic
index values (52+2% and 57%+4%, respectively, P=0.0001)
andagreater prevalenceof moderateto severeright ventricu-
lar hypertrophy (15% and 65%, respectively, P=0.0002) and
dilation (8% and 65%, respectively, P=0.0003). Theassocia
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Second operation RVH RVEF (%) Probability
Yes Yes 35 99.9%
No Yes 35 99.6%
Yes Yes 45 99.7%
Yes No 45 70.1%
No Yes 45 95.1%
No No 45 11.8%

RVEF - right ventricular gjection fraction in late postoperative evolution;
RVH - moderate to severe hypertrophy.

tion of severeright ventricular hypertrophy and dilation was
observedin 17 patients. However, no correl ation was obser-
ved between right ventricular hypertrophy and the residual
systolicgradient of theright ventricular outflow tract. Howe-
ver, thepatients ageat surgery (withnodirect relationtothe
symptoms) was significantly more expressivein patients
who remained with agreater degree of right ventricular hy-
pertrophy onlateevolution (10.1+7.5and 6.1+3.8 years, res-
pectively, P=0.01).

Based on multivariate analysis (logistic regression),
themodel that better estimated the probability of the patient
being symptomatic on late postoperative evolution wasthe
one that included the second operation (P=0.008), right
ventricular g ectionfraction (P=0.01), and moderateto seve-
reresidual right ventricul ar hypertrophy (P=0.002) asinde-
pendent variables. Theregression model wasasfollows:

@ 9:279+2.866 (2nd OP) - 0.251 (RVEF) + 4978 (RVH)

P=

1+ @ 9279+ 2866 (2nd OP) - 0.251 (RVEF) + 4978 (RVH)

Where: thevaluesof 2ndOPand RVH are0or 1, depen-
ding on the occurrence of asecond operation and the pre-
senceof residual right ventricul ar hypertrophy, respective-
ly; RVEFistheright ventricular gjectionfractioninlatefol-
low-up; Pisthe estimated probability of acertain patient
being symptomatic.

One potential use of the regression model isshownin
tablell, wheretheprobability of having symptomswasesti-
mated for arbitrary values of independent variables. Resi-
dual right ventricular hypertrophy appeared asanimportant
determinant of persistent symptoms.

Discussion

Previous studies have focused onlife expectancy and
causes of death in the late postoperative evolution 8, This
study analyzed only the patients who remained alive 30
yearsafter correction of tetralogy of Fallot, aiming atidenti-
fying thefactorsthat could define the patients as asympto-
matic or symptomatic. Inthe population studied, theage at
surgery ranged from 7 monthsto 26 years, and theinciden-
ceof reoperations(40%) for correction of residual obstruc-
tion in theright ventricular outflow tract was high. In our
case series, atered right ventricular morphol ogy and func-
tionwere, onlateevolution, factorsrelatedtoareductionin
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thepatients’ functional capacity. However, themajor limita-
tion of the present study wastheimpossibility of aquantita-
tiveanalysisof the right ventricular hypertrophy and dila-
tionvariables.

Becausethis study includes only the survivors, theana
lysisof the arrhythmias as a cause of sudden death was not
considered. As previously reported 12, changesin cardiac
rhythm and the detection of relevant arrhythmiaswere sig-
nificant findings present even in the absence of palpitation.

Anunexpected finding wasthat neither themagnitude
of theresidual gradientintheright ventricular outflow tract
nor the presence of moderateto severepulmonary valvere-
gurgitation allowed differentiating between symptomatic
and asymptomatic patients. Thisfinding, however, should
be carefully analyzed, because, in this study, neither infor-
mation about the physical exercise capacity **¢ nor quanti-
tativedataabout pulmonary valveregurgitation!’ wereavai-
lable for most patients. On the other hand, the presence of
marked right ventricular hypertrophy and dilation and the
reduction in theright ventricular gjection fraction, closely
related to dyspneaon exertion, were observed. These data
allow ustobelievethat factors, such asresidual lesions, are
associated with symptomsonly inthe case of right ventricu-
lar remodeling or significant dysfunction, or both. Age at
surgery did not directly correlate with the persistence of
symptoms, but was closely associated with the devel op-
ment of right ventricular hypertrophy.

Another interesting finding was the influence of ase-
cond operation onthepersistence of dyspneaon exertion. It
is known that for many patients undergoing correction of
tetralogy of Fallot inthe 1960s at our institution, the
attemptsto relieve the obstruction of theright ventricular
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outflow tract involvedinfundibul ectomy with careful resec-
tion of themuscle, but not opening of thering of the pulmo-
nary valve®®, |nfact, thetransannul ar patch wasperformed
inonly 19 patientsin this study. Consequently, the persis-
tenceof theobstruction of theright ventricular outflow tract
wasthemajor reason for referring the patientsfor reopera-
tion. The need for asecond operation may have been asso-
ciated withmyocardial damage consequent to the presence
of residual lesions, which may explain the persistence of
symptoms in these patients.

Finally, aright ventricular restrictive (vs. nonrestricti-
ve) physiology, persistinglong after the correction of tetra-
logy of Fallot, wasreported to be associated with alesspro-
longed QRS, alower risk of deleterious consequences of
chronic pulmonary regurgitation, and a better tolerance to
exercise 32, Although apparently in disagreement with our
findings of worse resultsin patients with significant right
ventricular hypertrophy, thisis not the case. Infact, inthis
study, hypertrophy wasfrequently associated with dilation,
and, therefore, may havereflecteda“remodeled” (and some-
timesdysfunctional) ventricleand not arestrictive pattern,
which has been associated with a better prognosis.

Inconclusion, thelong-termresultsafter correction of
tetralogy of Fallot, particularly in patients who underwent
correction 30 to 40 years ago, seem to be morerelated to
right ventricular remodeling and function than to residual
defects. In this context, although excellent resultswith the
early correction of tetralogy of Fallot currently exist, a
referral for surgical treatment at alate age and residual
lesionsarefactors of potential impact on right ventricular
remodeling, becoming a concern in the case of some
patients.
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