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RESUMO

Introdugdo: A correcgdo cirtrgica da
Tetralogia de Fallot (TF) permitiu obter uma
excelente sobrevivéncia. A longo prazo apés
cirurgia, a maioria dos doentes tem dilatagdo

do ventriculo direito (VD) e =10 %
necessitam de re-opera¢do do tracto de saida
do VD, por baixa capacidade funcional,
arritmias ventriculares ou sintomas de
insuficiéncia cardiaca (IC).

Procuramos analisar os preditores de eventos
adversos: dilatacdo moderada ou severa
(mod-sev) do VD, IC e re-operagdo e morte
cardiovascular.

Meétodos: Oitenta e oito doentes adultos com
TF efectuaram correcgdo cirtirgica entre 1977
e 2001; 22 foram perdidos para seguimento;
66 foram seguidos em média 18 + 6 anos,
com anélise de varidveis clinicas,
electrocardiogréficas e ecocardiograficas. A
dilatagdo do VD existia quando o didmetro
por via apical, ao nivel do anel tricispide, era
superior a 35 mm, sendo de grau moderado
quando 50 e <60 mm e de grau severo
quando 60 mm.

Resultados: De 66 doentes, 25 (37,9 %) foram
submetidos a shunt sistémico-pulmonar (SP)
aos 4+ 5 anos. A idade da correcgdo foi

10+ 8 anos (<1 até 38 anos, mediana: 6,5
anos); 65 % com patch transanular; 91 % com
patch no VD; 53 % com comissurotomia
pulmonar. Registou-se 1C classe II-11I em 3
doentes; apenas um foi re-operado com
implanta¢do de valvula pulmonar biolégica
com sucesso. A prevaléncia de dilatagéo do
VD foi de 97 % (n=57/59), sendo mod-sev
em 69 % (n=36/52). Nos doentes com

ABSTRACT

Tetralogy of Fallot: Prognostic Factors
after Surgical Repair

Introduction and Objective: Corrective surgery
for tetralogy of Fallot (TF) has led to
excellent survival. However, several years
after surgery, the majority of patients have
right ventricular (RV) dilatation, and 10 %
will need reoperation of the RV outflow tract
due to limited exercise capacity, ventricular
arrhythmias or symptoms of heart failure
(HF). Our aim was to identify predictive
factors of adverse outcome: moderate to
severe RV dilatation, HF, reoperation of the
RV outflow tract and cardiac death.

Methods: Eighty-eight adult patients with TF
were operated between January 1977 and
July 2001; 22 were lost to follow-up and 66
were followed for 18 + 6 years. We analyzed
clinical, electrocardiographic and
echocardiographic variables. RV dilatation
was considered to exist if the inlet
measurement at end-diastole in 4-chamber
apical view was more than 35 mm, being
classified as moderate when 50 and <60
mm and severe when 60 mm.

Results: Of the 66 patients, 25 (37.9 %) had
undergone previous palliative shunt (PS) at
the age of 4+ 5 years. Mean age at surgical
correction was 10+ 8 years (range: <1 to 38
years; median: 6.5 years). Transannular
patching was used in 65 % of patients, patch
closure of a right ventriculotomy in 91 %, and
in 53 % of patients a pulmonary
commissurotomy was performed. At the end
of follow-up, 3 patients were in NYHA class
ITI-1V and one patient was successfully
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dilatacdo mod-sev do VD foi mais frequente o
shunt SP prévio (18,8 vs 50,0 %; p=0,03), o
uso de patch transanular (37,5 vs 75,0 %;
p=0,01) e existéncia de QRS alargado

(> 160 ms) (6,7 vs 45,7 %, p<0,01). Estes
doentes referiram com maior frequéncia
palpitacdes (0 vs 22,2 %; p =0,05), sem maior
nidmero de eventos arritmicos documentados
(18,8 vs 33,3 %; p=0,28). A frequéncia
cardiaca médxima no esforgo foi inferior
(86,2+10,9 vs 79,9+ 8,6; p=0,04), mas o
tempo de prova e a capacidade funcional
foram semelhantes entre os grupos. O tempo
de seguimento e o uso de patch no VD
também foi semelhante. A colocagdo de paich
transanular esteve associada a realizac¢do de
shunt SP numa idade mais tardia (0,9 0,7 vs
4,9+ 5,7 anos; p=0,01). O seu uso originou
um maior grau de insuficiéncia pulmonar
(II-1V) (22,7 vs 57,5 %; p=0,01), QRS muito
alargados (> 160 ms) (9,5 vs 41,0 %, p<0,01),
para além de maior dilata¢do do VD. Nao
houve mortes.

Conclusao: O paich transanular e a realizagio
de um shunt SP prévio sdo preditores de
dilata¢do grave do VD no adulto, parecendo
ser a insuficiéncia pulmonar o seu
mecanismo fisiopatolégico. Apesar disso o
prognéstico é bom e os doentes tém hoa
capacidade funcional a longo prazo.

Palavras-Chave
Tetralogia de Fallot; Prognéstico; Cirurgia

INTRODUCAO

Atetralogia de Fallot é a cardiopatia congé-
nita cianética mais comum detectada apés
a infincia, caracterizada por uma grande comu-
nicagfo interventricular, uma aorta que cavalga
o septo interventricular, obstrucéo da cAmara de
safda do ventriculo direito (VD) (obstru¢do que
pode ser subvalvular, valvular, supravalvular ou
dos ramos das artérias pulmonares) e hipertro-
fia ventricular direita®.

Desde a existéncia da cirurgia de correcgdo
e com os progressos da técnica cirtirgica e dos
cuidados pés-operatérios, atingiu-se uma exce-

reoperated with implantation of a biological
pulmonary valve. Prevalence of RV dilatation
was 97 % (57/59), being moderate to severe in
69 % (36/52). In patients with moderate to
severe RV dilatation we found previous PS
(18.8 vs. 50.0 %; p =0.03), transannular
patching (37.5 vs. 75.0 %; p0.01) and wide
QRS (160 ms) (6.7 vs. 45.7 %, p=0.01) to be
more frequent. These patients reported more
palpitations (0 vs. 22.2%; p0.05), but there
were no differences in arrhythmic events
(18.8 vs. 33.3 %; p=0.28); maximal heart
rate on exercise was lower (86.2+10.9 vs.
79.9 + 8.6; p=0.04), but exercise time and
functional capacity were similar between the
groups. Follow-up time and use of RV
patching were similar.

Transannular patching was associated with
previous PS at an older age (0.9+0.7 vs.

4.9 £5.7 years; p=0.01), a higher grade of
pulmonary regurgitation (III-IV) (22.7 vs.
57.5%; p=0.01), wide QRS (160 ms) (9.5 vs.
41.0%, p=0.01), and greater RV dilatation.
No mortality was reported.

Conclusion: Transannular patching and
performance of previous PS were predictive
factors of severe RV dilatation, and
pulmonary regurgitation seems to be its
physiological mechanism. Despite this, long-
term prognosis is favorable and patients have
good functional capacity.

Key words
Tetralogy of Fallot; Prognosis; Surgery

INTRODUCTION

Tetralogy of Fallot is the most common form
of cyanotic congenital heart disease detec-
ted after infancy and is characterized by a large
ventricular septal defect, an aorta that overrides
the ventricular septum, right ventricular (RV)
outflow chamber obstruction (which may be
subvalvular, valvular, supravalvular or of the
pulmonary artery branches) and right ventric-
ular hypertrophy .

The introduction of surgical repair and im-
provements in surgical technique and postop-
erative care have led to excellent survival @ ?.




lente sobrevivéncia ®?. Os avancos recentes,
como o uso de condutos do VD para a artéria
pulmonar e o encerramento por via transauricu-
lar da comunicag@o interventricular, tém permi-
tido alterar a evolugfo clinica da tetralogia de
Fallot cldssica e também permitem uma correc-
cdo bem sucedida das suas formas mais com-
plexas . No entanto, a longo prazo apés cirur-
gia, a maioria dos doentes tém dilatagdo do VD
e cerca de 10 % necessitam de uma re-operagao
do tracto de saida do VD por baixa capacidade
funcional, arritmias ventriculares ou sintomas
de insuficiéncia cardfaca (IC)®.

Os objectivos deste trabalho foram a analise
da sobrevivéncia e o estudo dos factores pre-
ditores de prognédstico apés a cirurgia de cor-
rec¢io da tetralogia de Fallot, nomeadamente:
dilata¢do moderada ou severa do VD, IC e reo-
peracdo do tracto de saida do VD.

MATERIAL E METODOS

Estuddmos 88 adultos com tetralogia de Fal-
lot, seguidos na consulta de Cardiopatias Con-
génitas do Adulto da nossa institui¢do, que
efectuaram correccéio cirtrgica entre 1977 e
2001. Destes, 22 foram perdidos no seguimento
e 66 foram seguidos em 18 +6 anos. Foram ex-
cluidos os doentes com colocacdo de conduto
na altura da reparacfio, atrésia pulmonar, de-
feito do septo auriculo-ventricular, situs inversus
ou sindromas com anomalias congénitas multi-
plas.

Foram revistos, retrospectivamente, os da-
dos clinicos, electrocardiograficos, ecocardio-
graficos e cirtirgicos dos 66 doentes seguidos
nesta consulta.

No ecocardiograma considerou-se existir di-
latagdo do VD quando o didmetro por via api-
cal, ao nivel do anel tricispide, era superior a
35 mm, sendo de grau moderado quando 50
mm e <60 mm e de grau severo quando 60
mm ®. As insuficiéncias pulmonar e tricispide
foram classificadas de I-1V (trivial, leve, mode-
rada e severa) de acordo com os critérios esta-
belecidos na literatura ©.

Todos os dados sdo expressos em médias +
desvio padrio e percentagens. As varidveis ca-
tegoricas foram comparadas com o teste (* e as
varidveis continuas foram comparadas com o
teste ¢ de Student ou o teste de Mann-Whitney,
quando apropriado. O programa estatistico uti-

lizado foi o SPSS versdo 10.0.

SANDRA AMORIM, et al
Rev Port Cardiol 2005 ;24.:845-55

Recent advances, such as the use of conduits
between the RV and the pulmonary artery and
transatrial closure of the ventricular septal de-
fect, have changed the clinical evolution of
classic tetralogy of Fallot and also enabled suc-
cessful correction of more complex forms @.
However, several years after surgery, the major-
ity of patients have RV dilatation and around
10 % need reoperation of the RV outflow tract
due to limited exercise capacity, ventricular
arrhythmias or symptoms of heart failure (HF)®.

The aims of this study were to analyze survi-
val and adverse outcome after surgical repair of
tetralogy of Fallot, namely moderate to severe
RV dilatation, HF and reoperation of the RV

outflow tract.

METHODS

We studied 88 adults with tetralogy of Fal-
lot, followed in the Adult Congenital Heart
Disease unit of our institution, who were opera-
ted between 1977 and 2001; 22 were lost to fol-
low-up and 66 were followed for 18+6 years.
Patients with conduit placement at the time of
the repair, pulmonary atresia, atrioventricular
septal defect, situs inversus or syndromes with
multiple congenital anomalies were excluded.

We retrospectively reviewed clinical, elec-
trocardiographic, echocardiographic and surgi-
cal variables of the 66 patients.

Right ventricular dilatation was considered
to exist if the inlet measurement at end-diastole
in 4-chamber apical view was more than 35
mm, being classified as moderate when 50
mm and <60 mm and severe when 60 mm ©.
Pulmonary and tricuspid regurgitation were gra-
ded from I-1V (trivial, mild, moderate or severe)
in accordance with established criteria®.

All the results are expressed as means =
standard deviations and percentages. Categori-
cal variables were compared using the chi-
square test and continuous variables using the
Student’s t test or the Mann-Whitney test when
appropriate. The statistical program used was

SPSS version 10.0.

RESULTS

The 66 patients, 62.1 % male, with a mean
age at last follow-up of 26 +9 years, were diag-
nosed with tetralogy of Fallot at 6.6 +7.6 years
(range: 18 days to 35 years). With regard to
associated anomalies, right aortic arch was de-
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RESULTADOS

De 66 doentes adultos, 62,1 % do sexo mas-
culino, com idade no dltimo follow-up de 26 +9
anos, tiveram o diagnéstico de tetralogia de Fal-
lot aos 6,6 + 7,6 anos (minimo: 18 dias, maximo:
35 anos). Como anomalias associadas, detectou-
-se a existéncia de arco aértico direito em 10
doentes e de veia cava superior esquerda em
trés doentes.

Vinte e cinco (37,9 %) doentes foram sub-
metidos a um shunt sistémico-pulmonar (SP)
aos 5,6 £6,8 anos, quando este foi realizado an-
tes de 1986 e aos 2,2 + 1,8 anos quando este foi
efectuado depois de 1986. O shunt SP efec-
tuado foi do tipo Blalock-Taussig em 12 doen-
tes, do tipo Blalock-Taussig modificado em 12
doentes e do tipo Waterston num doente.

A idade da correcgdo cirtrgica foi de 11,2 +9,0
anos, quando realizada antes de 1986 e de
7,8+6,2 anos, quando realizada depois de
1986. A cirurgia realizou-se via ventriculotomia
direita em todos, excepto num, em que foi efec-
tuada uma abordagem transauricular. O alarga-
mento da cimara de saida do VD efectuou-se
através de miotomia dos musculos parieto-sep-
tais e parieto-parietais. Sessenta e cinco por
cento dos doentes colocaram um paich transa-
nular; 91 % colocaram patch no VD e 53 % fo-
ram submetidos a comissurotomia pulmonar

(Quadro 1).

tected in 10 patients and left superior vena
cava in three.

Twenty-five (37.9 %) patients had under-
gone previous palliative shunt (PS), at age
5.6 6.8 years for those performed before 1986
and at 2.2+ 1.8 years when performed after
1986. The type of PS was Blalock-Taussig in 12
patients, modified Blalock-Taussig in 12 pa-
tients and Waterston in one patient.

Mean age at surgical correction was 11.2+90
years for those performed before 1986 and
7.8+6.2 years when performed after 1986. Sur-
gery was by right ventriculotomy in all but one
patient, in whom a transatrial approach was
used. Enlargement of the RV outflow chamber
was achieved through myotomy of the parieto-
septal and parietoparietal muscle. Transannular
patching was used in 65 % of patients, RV pat-
ching in 91 % and in 53 % of patients a pulmo-
nary commissurotomy was performed (Table I).

At the time of the last follow-up, four pa-
tients were in NYHA class II and three in class
[T (Table II). Only one patient was reoperated
with implantation of a biological pulmonary
valve. Two patients are awaiting reoperation of
the RV outflow tract. Other reoperations were
ventricular septal defect closure in five pa-
tients, associated with annuloplasty of the tri-
cuspid valve in three cases. No mortality was
reported. Fifteen per cent of the women had
pregnancies, with congenital heart disease

Quadro 1 Table 1
Caracteristicas da populacao Population characteristics
n=66 n=66

Sexo masculino 62,1 Male (%) 62.1
Idade de diagnéstico (anos) 6,6+7,6 Age at diagnosis (years) 6.6+£7.6
Idade de realizag@o de shunt SP (anos) Age at PS (years)

— antes de 1986 5,6+6,8 — before 1986 5.6+6.8

— depois de 1986 22+1,8 — after 1986 22+1.8
Idade de cirurgia de correcgao (anos) Age at surgical repair (years)

— antes de 1986 11,2+£9,0 — before 1986 11.2+£9.0

— depois de 1986 7,8+6,2 — after 1986 7.8+6.2
Arco aértico direito % 15,2 Right aortic arch (%) 15.2
Realizagao de shunt SP prévio (%) 37,9 (n=25) Previous PS (%) 37.9 (n=25)

- BT (12) - BT (12)

— BT modificado (12) — Modified BT (12)

— Waterston (1) — Waterston (1)
Cirurgia de correcgao (%) Corrective surgery (%)

Paich ventriculo direito 90,9 Right ventricular patch 90.9

Patch transanular 65,2 Transannular patch 65.2

Comissurotomia valvular 53,0 Pulmonary commissurotomy 53.0

Abordagem transpulmonar-transauricular 1,5 Transpulmonary-transatrial approach 1.5

SP: sistémico-pulmonar; BT: Blalock Taussig.

PS: Palliative shunt; BT: Blalock-Taussig.
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Quadro 11 Table 11
Eventos no final do seguimento Events at end of follow-up
n=66 n=66

NYHA classe 1I-1V (%) 10,6 NYHA class II-1V (%) 10.6
Gravidezes (%) 15,2 Pregnancy (%) 15.2
Defeitos congénitos nos descendentes (%) 3.0 Congenital defects in children (%) 3.0
Mortalidade (%) 0,0 Mortality (%) 0.0
Eventos arritmicos (%) 30,3 (n= 20) Arrhythmic events (%) 30.3 (n= 20)

— Extrassistolia ventricular frequente (5) — Frequent ventricular extrasystoles (5)

— Flutter auricular (4) — Atrial flutter (4)

— Taquicardia auricular (4) — Atrial tachycardia (4)

— Taquicardia complexos largos/TV (3) — Wide QRS complex tachycardia/VT (3)

— Ritmo juncional alternante 2) — Alternating junctional rhythm 2)

—BAV 2. grau 2) — 2nd degree AVB (2)
Dilata¢do VD 96,6 (n = 57/59) RV dilatation 96.6 (n = 57/59)

— grau ligeiro 26,3 — mild 26.3

— grau moderado 50,9 — moderate 50.9

— grau severo 12,2 — severe 12.2
Reoperacoes (%) 9,1 (n=6) Reoperation (%) 9.1 (n=6)

— Substitui¢ao valvula pulmonar (1) — Pulmonary valve replacement (1)

— Encerramento CIV residual (2) — Residual VSD closure (2)

— Encerramento CIV + anuloplastia trictspide 3) — VSD closure + tricuspid annuloplasty 3)

TV: taquicardia ventricular; VD: ventriculo direito; CIV: comunicagéo
interventricular; BAV: bloqueio aurfculo-ventricular.

A data do dltimo follow-up, quatro doentes
estavam em classe Il e trés estavam em classe
1T da NYHA (Quadro II). Apenas um doente
foi re-operado com implanta¢do de vdlvula pul-
monar biolégica. Dois doentes aguardam cirur-
gia no tracto de saida do VD. Outras reopera-
¢coes foram o encerramento de comunicacio
interventricular em cinco doentes, associado a
anuloplastia da vdlvula tricispide em trés ca-
sos. Ndo ocorreram mortes durante este segui-
mento. Quinze por cento das mulheres tiveram
gravidezes, documentando-se a existéncia de
cardiopatia congénita nos descendentes em 3%
dos casos (Quadro II).

No final do seguimento, apenas em 59 doen-
tes foi possivel obter dados ecocardiogréficos. A
prevaléncia de dilatagdo do VD foi de 97 %
(n=57/59), quantificada em moderada ou se-
vera em 69 % (n=236/52). Observou-se disfun-
¢do do VD em seis doentes, sendo de grau li-
geiro em trés, moderado em dois e severo num
doente. Treze (22,0 %) doentes apresentaram
insuficiéncia pulmonar grau I, 18 (30,5 %) grau
I1, 19 (32,2 %) grau 111 e nove (15,3 %) grau IV.
Registou-se insuficiéncia tricaspide em 94,4 %
(n=51/54) dos doentes, quantificada em grau |
em 21 doentes, grau Il em 22 doentes e grau 111
em 7 doentes (n=50). Oito doentes apresenta-
ram estenose pulmonar moderada, sendo em
dois casos de localiza¢do supravalvular e dois
de localizagéo valvular.

VT: Ventricular tachycardia; RV: Right ventricular; VSD: Ventricular
septal defect; AVB: Atrioventricular block.

being documented in 3 % of their children (7a-
ble II).

At the end of follow-up, it was possible to
obtain echocardiographic data in only 59 pa-
tients. The prevalence of RV dilatation was
97 % (57/59), being moderate to severe in 69%
(36/52). RV dysfunction was found in six pa-
tients, being mild in three, moderate in two and
severe in one. Thirteen patients (22.0 %) pre-
sented grade I pulmonary regurgitation, 18
(30.5%) grade 11, 19 (32.2 %) grade 111 and
nine (15.3 %) grade 1V. Tricuspid regurgitation
was found in 94.4 % (51/54) of patients, classi-
fied as grade I in 21, grade Il in 22 and grade
IIT in seven (n=>50). Eight patients had mod-
erate pulmonary stenosis, supravalvular in two
cases and valvular in two.

The most common rhythm disturbances were
frequent ventricular extrasystoles, found in five
patients, asymptomatic in all but one, who was
medicated with amiodarone. Atrial flutter or fi-
brillation occurred in four patients, and was
successfully treated by radiofrequency ablation
in one. Atrial tachycardia was documented in
four patients, wide QRS complex tachycardia in
three and alternating junctional rhythm in two.
Second-degree atrioventricular block occurred
in two patients, one of whom required implanta-
tion of a pacemaker.

Predictive factors of moderate to severe RV
dilatation (Table II]) were: performance of
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A perturbagéo do ritmo mais frequentemente
encontrada foi a extrassistolia ventricular fre-
quente assintomética em cinco doentes, excepto
num, que foi medicado com amiodarona. O flut-
ter/fibrilhacdo auricular ocorreu em quatro
doentes, tratado por ablagdo por radiofrequén-
cia num doente, com sucesso. Surgiu taquicar-
dia auricular em quatro doentes, taquicardia de
complexos largos em trés doentes e ritmo jun-
cional alternante em dois doentes. O bloqueio
aurfculo-ventricular do segundo grau ocorreu
em dois doentes, tendo um deles necessitado de
implantagdo de pacemaker.

Os factores preditores de dilata¢cdo mode-
rada ou severa do VD (Quadro 1), foram o uso
do shunt SP prévio (18,8 vs 50,0 %; p=0,03), o
uso de patch transanular (37,5 vs 75,0 %;
p=0,01), maior grau de insuficiéncia pulmonar
(IH-1V: 25,0 vs 58,3 %; p=0,02) e a existéncia
de QRS alargado (>160 ms) (6,7 vs 45,7 %,
p<0,01). Os doentes com dilata¢des moderadas
ou severas do VD referiram mais frequente-
mente palpitagdes (0 vs 22,2 %; p=0,05) sem,

Quadro 11
Factores preditores de dilatacao
do ventriculo direito

previous PS (18.8 vs. 50.0 %; p=0.03), trans-
annular patching (37.5 vs. 75.0%; p=0.01), a
higher grade of pulmonary regurgitation (I1I-1V:
25.0 vs. 58.3%; p=0.02) and wide QRS (>160
ms) (6.7 vs. 45.7%, p<0.01). Patients with
moderate to severe RV dilatation reported more
palpitations (0 vs. 22.2%; p=0.05) but there
were no differences in arrhythmic events (18.8
vs. 33.3%; p=0.28). Maximal heart rate on
exercise was also lower (86.2+10.9 vs.
79.9£8.6; p=0.04), but exercise time and
functional capacity were similar between these
patients and those without or with mild RV di-
latation. Follow-up time and use of RV patching
were similar between the groups.

Transannular patching (Table IV) was associ-
ated with previous PS at an older age (0.9+0.7
vs. 4.9+5.7 years; p=0.01), a higher grade of
pulmonary regurgitation (I11-1V) (22.7 vs.
57.5%; p=0.01) and wide QRS (>160 ms) (9.5
vs. 41.0 %, p<0.01), as well as greater RV di-

latation, as mentioned above.

Table 111

Predictors of right ventricular dilatation

Without With
Sem Com moderate to moderate to
dilatacao dilatagao severe severe
mod-sev mod-sev dilatation dilatation
n=16 n=36 P n=16 n=36 P

Sexo masculino (%) 56.3 60,7 0,47 Male (%) 56.3 66.7 0.47
Idade de diagnéstico (anos) 8,5+9,8 5,0+6,2 0,12 Age at diagnosis years) 8.5+9.8 5.0+6.2 0.12
Tempo de seguimento (anos) 19,6+4,8  19,7+4.8 0,94 Follow-up (years) 19.6+4.8  19.7+4.8 0.94
Cirurgia Surgery

Idade de shunt (anos) 1,1+1.4 4,3+6,0 0,38 Age at shunt (years) 1.1+1.4 4.3+6.0 0.38

Idade de cirurgia (anos) 10,5+2,1  10,0£8,3 0,87 Age at surgery (years) 10.5+2.1  10.0£8.3 0.87

Shunt SP prévio (%) 18,8 50,0 0,03 Previous PS (%) 18.8 50.0 0.03

Patch no VD (%) 93,8 88,6 0,55 RV patch (%) 93.8 88.6 0.55

Patch transamular (%) 37,5 75,0 0,01 Transannular patch (%) 37.5 75.0 0.01

Comissurotomia pulmonar (%) 50,0 60,6 0,50 Pulmonary commissurotomy (%)  50.0 60.6 0.50
Sintomas (%) Symptoms (%)

NYHA II-1V 6,3 16,7 0,28 NYHA II-1V 6.3 16.7 0.28

Palpitagdes 0,0 22,2 0,05 Palpitations 0.0 22.2 0.05
ECG de esforco Exercise ECG

QRS >160 ms (%) 6,7 45,7 <0,01 QRS >160 ms (%) 6.7 45.7 <0.01

Eventos arritmicos (%) 18,8 33,3 0,28 Arrhythmic events (%) 18.8 33.3 0.28

FC maxima (bpm) 86,2+10,9 79,9+8,6 0,04 Maximal HR (bpm) 86.2£10.9 79.9+8.6 0.04

Tempo de prova (min) 11,0+2,1 9,7#2,1 0,11 Exercise time (min) 11.0+2.1 9.7#2.1 0.11

METS 11,6£2,7  11,1x2,1 0,65 METS 11.6+2.7  11.1£2.1  0.65
Ecocardiograma Echocardiogram

Insuficiéncia pulmonar Pulmonary regurgitation

M-IV (%) 25,0 58,3 0,02 -1V (%) 25.0 58.3 0.02
Gradiente VD/AP (mmHg) 19,4+5,3  24,8+9.8 0,00 RV/PA gradient (mmHg) 19.4+5.3  24.8+9.8 0.00
Insuficiéncia trictspide Tricuspid regurgitation
HI-1V (%) 6,3 13,9 0,65 HI-1V (%) 6.3 13.9 0.65
Gradiente VD/AD (mmHg) 30.2+7,2  29,6+9.2 0,84 RV/RA gradient (mmHg) 30.2+7.2  29.6+9.2 0.84
CIV residual (%) 25,0 16,7 0,48 Residual VSD (%) 25.0 16.7 0.48

SP: sistémico-pulmonar; VD: ventriculo direito; FC: frequéncia cardfaca;
AP: artéria pulmonar; AD: aurfcula direita; CIV: comunicagfo interven-
tricular.

PS: Palliative shunt; RV: Right ventricular; HR: Heart rate; PA: Pulmonary
artery; RA: Right atrial; VSD: Ventricular septal defect
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Quadro IV Table 1V
Factores associados ao uso de patch transanular Factors associated with transannular patching
Sem patch  Com parch Without TA  With TA
TA TA patching patching
n=16 n=36 P n=16 n=36 P

Idade de diagnéstico (anos) 8,5+9,5 5,6+6,3 0,19 Age at diagnosis (years) 8.5+9.5 5.6+6.3 0.19
Cirurgia Surgery

Idade aquando shunt (anos) 0,9+0,7 4,9+5,7 0,01 Age at shunt (years) 0.9+0.7 4.9+5.7 0.01

Idade aquando cirurgia (anos) 11,1+9,1 9,5+7,9 0,47 Age at surgery (years) 11.1£9.1 9.5+¢7.9 047

Shunt SP prévio (%) 26,1 44,2 0,14 Previous PS (%) 26.1 44.2 0.14
ECG ECG

QRS >160 ms (%) 9,5 41,0 <0,01 QRS >160 ms (%) 9.5 41.0 <0.01

Eventos arritmicos (%) 31,8 32,5 0,95 Arrhythmic events (%) 31.8 32.5 0.95
Ecocardiograma Echocardiogram

Dilatacdo VD (%) 90,5 1000 0,05 RV dilatation (%) 90.5 1000 0.05

— Dilata¢do moderada-severa 47,4 81,8 0,01 — Moderate/severe dilatation 47.4 81.8 0.01

Disfuncao VD (%) 5.9 14,3 0,64 RV dysfunction (%) 5.9 14.3 0.64

Insuficiéncia pulmonar Pulmonary regurgitation

HI-IV (%) 22,7 57,5 0,01 HI-1V (%) 22.7 57.5 0.01
Gradiente VD/AP (mmHg) 22,7493 24,7+12,1 0,63 RV/PA gradient (mmHg) 22.7£9.3  24.7+12.1 0.63
Insuficiéncia tricdspide Tricuspid regurgitation
11V (%) 13.6 150 088 11V (%) 13.6 150 088
Gradiente VD/AD (mmHg) 31,2+11,1 29,556 0,58 RV/RA gradient (mmHg) 31.2+11.1  29.5+#5.6 0.58

TA: transanular; SP: sistémico-pulmonar; VD: ventriculo direito; AP: arté-
ria pulmonar; AD: aurfcula direita.

no entanto, terem sido documentados maior nu-
mero de eventos arritmicos (18,8 vs 33,3 %;
p=0,28). Nestes doentes, a frequéncia cardiaca
médxima no teste de esforco foi também mais
baixa (86,2+10,9 vs 79,9+ 8.,6; p=0,04), mas
ndo se traduziu num menor tempo de prova ou
numa menor capacidade funcional, relativa-
mente aos doentes sem dilata¢do ou com dilata-
¢do ligeira do VD. O tempo de seguimento e o
uso de patch no VD foi semelhante em todos os
doentes.

A colocacio de patch transanular (Quadro
1V) esteve associada a realiza¢do de shunt SP
numa idade mais tardia (0,9+0,7 vs 4,9+5,7
anos; p=0,01), a um grau maior de insuficién-
cia pulmonar (ITI-1V) (22,7 vs 57,5 %; p=0,01),
a QRS alargados (>160 ms) (9,5 vs 41,0%,
p<0,01) para além de, como anteriormente re-
ferido, um grau maior de dilatagdo do VD.

DISCUSSAO

O nosso estudo consistiu na anélise da evo-
lugdo clinica dos doentes adultos apés cirurgia
de correcgdo de tetralogia de Fallot. A nossa
populagédo, com follow-up completo de 11+9
anos, teve uma sobrevivéncia de 100 %, dos
quais 89 % com boa capacidade funcional
(classe I de NYHA) e uma incidéncia de re-ope-
racdo de 9 %.

Na literatura, a sobrevivéncia actual aos 30
anos, nas cirurgias realizadas entre 1955-1984

TA: Transannular; PS: Palliative shunt; RV: Right ventricular; PA: Pulmo-
nary artery; RA: Right atrial.

DISCUSSION

This study analyzed the clinical evolution
of adult patients following surgical repair of
tetralogy of Fallot. With a complete follow-up of
119 years, survival in our population was
100 %, of whom 89 % had good functional
capacity (NYHA class I), with a 9 % incidence
of reoperation.

In the literature, current survival at 30 years
for surgery performed between 1955-1984 is
86 + 5 %, compared to 96 % survival in the gen-
eral population®?. Murphy et al.® report 92%
survival at 10 years, with 77 % of patients in
class I at 30 years and a reoperation rate of
10 %.

The prevalence of pulmonary regurgitation
in our sample was 98 %, being moderate to se-
vere in 48 %. The prevalence described in the
literature varies, with d’Udekem et al. (3) repor-
ting moderate to severe pulmonary regurgitation
in 76 % of patients, while Murphy et al.®
reported only 55 %, mild in 96 %.

Our study suggests that RV dilatation is
associated with transannular patching and the
presence of significant pulmonary regurgitation.
Pulmonary commissurotomy was not related to
severe pulmonary regurgitation or RV dilata-
tion. Some authors therefore suggest that pul-
monary regurgitation is not the only factor con-
tributing to RV dilatation. Excessive resection
of RV outflow chamber muscle appears to de-
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é de 86+5 9%, comparativamente a uma sobre-
vivéncia de 96 % na populagdo normal @ .
Murphy et al ® descreveram uma sobrevivéncia
aos 10 anos de 92 %, com 77 % dos doentes em
classe | ao fim de 30 anos e uma taxa de re-
operagéo de 10 %.

A prevaléncia da insuficiéncia pulmonar, na
nossa amostra, foi de 98 %, sendo de grau mo-
derado ou severo em 48 %. A prevaléncia des-
crita tem sido varidvel: d’Udekem et al ® des-
crevem uma prevaléncia de insuficiéncia
pulmonar moderada ou severa de 76 %, en-
quanto que Murphy et al® descrevem uma pre-
valéncia de apenas 55 %, sendo ligeira em 96%
desses doentes.

O nosso estudo sugere que a dilatagdo do
VD parece estar associada ao uso de patch tran-
sanular e a existéncia de insuficiéncia pulmo-
nar significativa. A comissurotomia pulmonar
ndo teve relacdo com o aparecimento de
insuficiéncia pulmonar grave nem com a dilata-
¢do do VD. Por isso, alguns autores referem que
a insuficiéncia pulmonar ndo é o tnico factor
que contribui para a dilatagdo do VD. A ressec-
¢lo excessiva dos misculos da cAmara de saida
do VD parecem desestabilizar o suporte muscu-
lar da vélvula pulmonar e provocam dilata¢ao
do infundibulo, o que por sua vez altera a forma
e a contractilidade do VD, e isto, por sua vez,
origina insuficiéncia pulmonar ®. Pensa-se
ainda que esta s6 tem efeitos deletérios na fun-
cdo do VD quando hd estenose pulmonar resi-
dual, shunts residuais ou quando existe um
grande patch transanular associado®. De referir
que nos doentes com um maior gradiente
VD/AP houve uma tendéncia para uma maior
dilatagdo do VD (p=0,06), mas ndo existiu re-
lagdo entre dilatagdo do VD e a existéncia de
shunt residual (p=0,48) (Quadro III).

A dilata¢do do VD por si s6 origina insufi-
ciéncia trictispide e um ciclo vicioso entre
insuficiéncia valvular e dilatacdo do VD. A
constelacdo entre insuficiéncia pulmonar e in-
suficiéncia trictspide compromete o débito car-
dfaco do VD e d4 origem a IC. Por isso, a im-
plantacdo da védlvula pulmonar dever ser feita
antes do aparecimento de sintomas ®. Adicio-
nalmente, a dilatacdo do VD pode originar dis-
fungdo do ventriculo esquerdo, ndo s6 por efei-
tos na didstole, devido a alteracdo da geometria
do septo interventricular, mas também por dis-
funcdo sistélica no exercicio, por alteragdes da
reserva contrictil a nivel do septo®. No nosso
estudo, o desempenho dos doentes com dilata-

stabilize the muscular support of the pulmonary
valve and to cause dilatation of the infundibu-
lum, changing the shape and contractility of the
RV, which in turn gives rise to pulmonary re-
gurgitation ©. It is also thought that this only
has a deleterious effect on RV function in the
presence of residual pulmonary stenosis, a resi-
dual shunt or a large transannular patch @. It
should be noted that patients with a larger
RV/pulmonary artery gradient tended to have
greater RV dilatation (p=0.06), but no relation
was found between RV dilatation and the pres-
ence of a residual shunt (p=0.48) (Table III).

RV dilatation by itself causes tricuspid re-
gurgitation, leading to further regurgitation and
dilatation in a vicious circle. The combination
of pulmonary and tricuspid regurgitation com-
promises the output of the right ventricle and
gives rise to HF. Pulmonary valve replacement
should therefore be performed before the onset
of symptoms @. RV dilatation can also cause left
ventricular dysfunction, not only through its
effects in diastole caused by changes in the
geometry of the ventricular septum, but also
through systolic dysfunction on exercise due to
changes in the contractile reserve of the septum ©.
In our study, the performance on exercise tes-
ting of patients with significant RV dilatation
was no worse than the other patients, except in
maximal heart rate achieved.

The predictive factors of mortality described
in the literature are previous PS and a higher
ratio between right and left ventricular pressure
after surgery ®?. The use of transannular and RV
patching, as well as previous PS, are reported
as predictors of adverse outcome (death, re-
operation for RV dilatation and class 1I-I11 HF)®.
We did not analyze factors predicting mortality,
reoperation, arrhythmias or HF in view of the
small number of these events, limiting the study
to factors that triggered significant RV dilata-
tion.

Published studies have indicated that the
reduced survival in patients with previous PS
may be explained by pulmonary artery distor-
tion or the fact that these patients probably had
smaller pulmonary arteries ®?. Palliative sur-
gery also appears to cause pulmonary valve
dysplasia, secondary to retrograde blood flow,
making it more difficult to preserve the valve
and increasing the use of transannular patching
at the time of corrective surgery, leading to pul-
monary regurgitation and RV dilatation; antero-




¢oes significativas do VD no teste de esforco
ndo foi inferior & dos restantes doentes, excepto
na frequéncia cardiaca maxima atingida.

Os factores preditores de mortalidade des-
critos na literatura sdo o shunt SP prévio e uma
maior razdo entre as pressdes dos ventriculos
direito e esquerdo depois da cirurgia®?. Como
factores preditores de eventos adversos (morte,
reoperacgiio por dilatagdo do VD, IC classe II-
III) est@o descritos o uso de patch transanular e
patch no VD, para além do shunt SP prévio @.
Nao analisamos os factores preditores de morta-
lidade, reoperacdo, arritmias ou de apareci-
mento de IC dado o reduzido nimero destes
eventos, tendo-nos, por isso, limitado ao estudo
dos factores desencadeantes de dilatagdo signi-
ficativa do VD.

Em estudos descritos na literatura, a expli-
cacdo para a diminuicfo da sobrevida nos doen-
tes com shunt SP parece estar relacionada com
a distor¢do das artérias pulmonares ou porque
estes doentes tinham, muito provavelmente, ar-
térias pulmonares de menor didmetro®?. A ci-
rurgia paliativa parece ainda originar displasia
das vélvulas pulmonares, secunddria ao fluxo
sangufneo retrégrado, que contribui para a nfio
preservacio da vdlvula pulmonar e para o uso
de patch transanular na altura da correc¢do ci-
rirgica, com consequente insuficiéncia pulmo-
nar e dilatacdo do VD; o fluxo anterégrado nas
vélvulas semilunares parece ser fundamental
para o desenvolvimento normal das vilvulas
pulmonares "”. Adicionalmente, o shunt SP au-
menta o fluxo no ventriculo esquerdo e causa
IC por disfuncdo do ventriculo esquerdo, contri-
buindo para um mau prognéstico .

A sobrecarga crénica de volume do VD estd
correlacionada com o prolongamento do QRS e
este parece ser um indice (quando maior de
180 ms) de arritmias potencialmente malignas
@ Contudo, a ectopia ventricular é a arritmia
mais frequente apés a cirurgia. Os seus factores
de risco sdo a idade avancada na altura da ci-
rurgia, a sobrecarga de pressdo e de volume do
VD e a existéncia prévia de uma anomalia do
ritmo documentada ou induzida a nivel electro-
fisioldgico. A correccéo cirtirgica pode reduzir
ou eliminar a ectopia ventricular®. Considera-
mos, contudo, que a nossa amostra foi insufi-
ciente para efectuar uma andlise de factores
preditores do aparecimento de arritmas.

Nas tdltimas décadas, ocorreram modifica-
¢des substanciais no tratamento da tetralogia de
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grade flow in the semilunar valves appears to
be essential to the normal development of the
pulmonary valves '". Moreover, PS increases
left ventricular flow and causes HF due to left
ventricular dysfunction, further contributing to
poor prognosis @.

Chronic RV volume overload is associated
with wide QRS, which when longer than 180 ms
is an indicator of potentially malignant arrhyth-
mias M. However, ventricular extrasystoles are
the most common arrhythmia following surgery.
Risk factors are advanced age at the time of
surgery, RV pressure and volume overload and
pre-existing rhythm disturbances documented
or induced during electrophysiological study.
Corrective surgery may reduce or eliminate
ventricular extrasystoles ”. However, we felt
that our sample was too small to perform an
analysis of factors predicting arrhythmias.

Recent years have seen substantial changes
in the treatment of tetralogy of Fallot. These in-
clude performing corrective surgery at younger
ages (between three and eleven months) and in-
creased use of a transatrial approach, with sub-
sequent improvement in prognosis "?. Monocus-
pid valves (as an alternative to transannular
patching) appear to be useful in the immediate
postoperative period, but there is no evidence
of long-term benefit ™. The ideal would be pre-
servation of the pulmonary valve with resection
of subvalvular stenosis. Rao et al., in a study of
28 patients aged 69 months in whom the pul-
monary valve was preserved, concluded, con-
trary to expectations, that a certain degree of
pulmonary obstruction was perfectly tolerable,
since the increased flow in the RV outflow
chamber would stimulate growth of the pulmo-
nary annulus, with regression of the RV outflow
chamber obstruction over time. The authors es-
timated that when the pulmonary annulus/
weight ratio was greater than 0.08 cm/kg, the
pulmonary annulus could be preserved .

CONCLUSIONS

Transannular patching and performance of
previous PS are predictive factors of severe RV
dilatation in the adult, and pulmonary regurgi-
tation seems to be its pathophysiological mech-
anism. Following surgical repair of tetralogy of
Fallot, some patients present problems such as
pulmonary regurgitation, RV dilatation and
dysfunction, arrhythmic events and HF. We
therefore feel close monitoring is essential for
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Fallot. Estas alteracdes envolveram a modifica-
clo da realizacdo da cirurgia de correccéo para
uma idade mais precoce (entre os trés e os 11
meses ) e um aumento das abordagens transau-
riculares, com melhoria do prognéstico ™. O
uso de vdlvulas monocispides (como alternativa
ao patch transanular) pareceu ser ttil no pés-
operatério imediato. No entanto, nfio se regista-
ram evidéncias de beneficio a longo prazo ™. O
ideal seria a preservac¢do da vélvula pulmonar
com ressec¢do da estenose subvalvular. Rao V
et al, num estudo de 28 doentes (de 629 meses)
em que foi efectuada a preservacdo da védlvula
pulmonar, concluiram, ao contrdrio do que se
pensava, que era perfeitamente possivel tolerar
um certo grau de obstrugdio pulmonar, pois o
aumento do fluxo na cAmara de saida do VD es-
timularia o crescimento do anel pulmonar, com
regressdo da obstru¢do da cdmara de saida do
VD ao longo dos anos. Os autores estimaram
que quando a razdo anel pulmonar/peso era su-
perior a 0,08 em/kg, seria possivel a preserva-
¢éo do anel pulmonar .

CONCLUSOES

O uso de patch transanular e a realizagio de
um shunt SP sdo preditores de dilatagéo grave
do VD no adulto, parecendo ser a insuficiéncia
pulmonar o seu mecanismo fisiopatolégico.
Apés a cirurgia de correccéo da tetralogia de
Fallot alguns doentes apresentam alguns pro-
blemas, como: insuficiéncia pulmonar, dilata-
cdo e disfuncdo do VD, eventos arritmicos e IC.
Consideramos, por isso, essencial um segui-
mento apertado para a detecgdo precoce de le-
sdes residuais minimizando o aparecimento de
sintomas. Apesar disto, o prognéstico é bom e
os doentes tém boa capacidade funcional a
longo prazo.
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early detection of residual lesions, thus minimiz-
ing the appearance of symptoms. Despite this,
long-term prognosis is favorable and patients
have good functional capacity.
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