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Prikaz slucaja Case report

B Korigirana Fallotova tetralogija u odrasloj dobi — prikaz slucaja i
kratki pregled literature

Repaired Tetralogy of Fallot in Adults — Case Report and a Short
Literature Review

Irena Ivanac Vranesic+, SAZETAK: Bolesnici s korigiranom Fallotovom tetralogijom (ToF), zbog razvoja moguc¢ih komplikacija

upravo u odrasloj dobi, trebaju se redovito kontrolirati u tercijarnom centru za prirodene bolesti srca
(PBS) u odraslih. U sluc¢aju stabilnog tijeka bolesti kontrole su najéesc¢e indicirane u jednogodiSnjem
intervalu. Vazno je, osim detaljne anamneze o eventualnoj pojavi simptoma, uvijek traziti potencijalne
komplikacije. Ako je rije¢ o znac¢ajnoj pulmonalnoj regurgitaciji (PR), Sto je najcescéa kasna komplikaci-
jakorigirane ToF, potrebno ju je kvantificirati te pratiti promjenu u veli¢ini i funkciji desne klijetke (DK).
Vazno je u donosenju odluke o reoperaciji na pulmonalnoj valvuli (PV) ne ¢ekati predugo radi o¢uvanja
funkcije DK, ali i imati u vidu brZu progresiju disfunkcije proteze ako se ugradi u mladoj dobi. Buduéi
da su ovakvi bolesnici u jednoj od najrizi¢nijih skupina unutar populacije odraslih s prirodenim bole-
stima srca za pojavu iznenadne sré¢ane smrti, potrebno je njihov rizik stratificirati za sada dostupnim
metodama i razmotriti postoji li indikacija za implantaciju kardioverter-defibrilatora. Osim navedenih,
potrebno je pri svakoj kontroli tragati i za svim ostalim moguc¢im komplikacijama radi §to boljeg i sve-
obuhvatnijeg prac¢enja i lijeGenja ovih bolesnika.
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SUMMARY: Patients with repaired tetralogy of Fallot (ToF), due to the development of complications in
adulthood, need to attend regular follow-up at a tertiary adult congenital heart disease (ACHD) center.
If disease progression is stable, the follow-up visits are most often indicated on a yearly basis. In addi-
tion to a detailed history of symptoms development, it is important to always look for possible compli-
cations. In case of a significant pulmonary regurgitation (PR), which is the most frequent late compli-
cation of repaired ToF, it needs to be quantified, and changes in right ventricular (RV) size and function
need to be monitored. It is important not to postpone the re-intervention on the pulmonary valve (PV)
for too long in order to preserve the RV function. It is also important to bear in mind the possible faster
progression of prosthesis dysfunction if the operation was done at an earlier age. Since repaired ToF
patients belong to the group of ACHD conditions with the highest risk of sudden cardiac death (SCD), it
s necessary to stratify their risk by using currently available methods and to consider whether there
are any indications for the implantation of a cardioverter defibrillator. In addition to the above, during
each follow-up it is necessary to search for all other possible complications in order to better and more
comprehensively monitor and treat these patients.
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Prikaz slucaja

Dvadesettrogodisnja bolesnica elektivno je pri-
mljena radi dijagnosti¢ke obrade. Rije¢ je o bo-
lesnici kojoj je u drugoj godini Zivota ucinjena
totalna korekcija Fallotove tetralogije (ToF) i koja
se redovito kontrolirala kod pedijatrijskog kardi-
ologa te je cijelo vrijeme bila bez simptoma. Na

Case report

A 23-year-old female was admitted for elective
diagnostic follow-up. At the age of 2, the patient
had undergone a total tetralogy of Fallot (ToF)
repair and had been regularly attending follow-
up visits by her pediatric cardiologist and was
asymptomatic the entire time. During the latest
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zadnjoj pedijatrijskoj kontroli ehokardiografski su opisane
blaga rezidualna pulmonalna stenoza (PS) s maksimalnim
sistoli¢kim gradijentom tlaka (PG) od 20 mmHg, blaga pulmo-
nalna regurgitacija (PR), blago poveéana desna klijetka (DK),
minimalna trikuspidna requrgitacija (TR) i nije naden rezidu-
alni ventrikulski septalni defekt (VSD).

Na prvoj kontroli kod adultnog kardiologa ehokardiograf-
ski se i dalje opisivala blaga rezidualna PS s maksimalnim
sistolickim PG-om od 30 mmHg, a PR se nije spominjala (re-
trogradno je, detaljnijom analizom pohranjenih ehokardio-
grafskih zapisa, utvrdeno da je postojala, no kako se poslije
u tekstu istice, ehokardiografska procjena PR-a izrazito je
kompleksna te se lako moZe podcijeniti). Nadena je i hiper-
trofiéna te blago dilatirana DK (enddijastolicka areja DK od 30
cm?) o¢uvane sistolicke funkcije (TAPSE 20 mm), kao i blaga
TR. U 24-satnom kontinuiranom elektrokardiogramu nisu za-
biljeZeni bitni poremecaji ritma. Nakon godinu dana bolesni-
ca se javila na kontrolu kardiologu iz tima za PBS u odraslih.
I dalje je bila bez simptoma, a u klinickom je statusu naden
¢ujan sistolicki Sum 2 — 3/6 s punctum maximum nad pulmo-
nalnim uséem. U 12-kanalnom EKG-u ustanovljen je sinusni
ritam frekvencije 83/min uz blok desne grane (duljina QRS-a
142 ms) i QTc od 454 ms. Na kontrolnom 24-h holteru EKG-
a zabiljeZene su 2 epizode ventrikulske tahikardije (VT) fre-
kvencije 150-180/min u trajanju od 10 sekundi, ¢ije je ishodi-
Ste, prema izgledu QRS-a, vjerojatno bilo u izgonskom traktu
DK (RVOT). Tijekom ehokardiografske kontrole ustanovljena
je dilatirana, volumno optere¢ena DK s dijastolickim poma-
kom septuma ulijevo (dijastolicka areja DK od 34,7 cm?), jo$
oc¢uvane sistolicke funkcije prema FAC-u koji je iznosio 50 % i
TAPSE od 22 mm, ali ipak reduciranog s’ na 7,6 m/s. Ustanov-
ljena je znacajna (vjerojatno teska) PR (slikali slika 2; PHT od
87 ms, vrijeme bez protoka u dijastoli iznosilo je 150 ms, bio je
prisutan reverzni protok u PA, mlaz regurgitacije iznosio je 60 %
RVOT-a, a VC 0,6 cm), dok je maksimalni sistolicki PG preko
pulmonalne valvule (PV) iznosio 20 mmHg. Nadena je blaga
TR te maksimalni sistolicki tlak u DK od 44 mmHg. Ascen-
dentna aorta bila je grani¢no uveé¢ana na 3,7 cm, bez prisutne
aortne regurgitacije, a lijeva je klijetka bila normalne veli¢ine
1 funkcije i nije bio vidljivog VSD-a. S obzirom na nepostojanu
VT u asimptomatske bolesnice, uvedena je peroralna terapija

FIGURE 1. Continuous wave Doppler across the pulmonary
valve showing severe pulmonary regurgitation.
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pediatric follow-up, the echocardiogram reported a mild resi-
dual pulmonary valve stenosis (PS) with a maximal systolic
pressure gradient (PG) of 20 mmHg, mild pulmonary regur-
gitation (PR), a mildly enlarged right ventricle (RV), minimal
tricuspid regurgitation (TR) and no residual ventricular septal
defect (VSD).

During the first follow-up by an adult cardiologist echocar-
diogram still showed a mild residual PS with a maximal
systolic PG of 30 mmHg; PR was not mentioned (retroactively,
through detailed analysis of the digitally stored echocardio-
gram, it has been established that PR existed, but as the later
text emphasizes, echocardiographic assessment of PRis very
complex and is easily underestimated). Also noted was the
hypertrophic and mildly dilated RV (end-diastolic RV area of
30 cm?) with preserved systolic function (TAPSE 20 mm), as
well as mild TR. During a 24-hour Holter ECG no significant
rhythm disturbances were noted. After one year, the patient
has come to a follow-up by a cardiologist from the adult con-
genital heart disease (ACHD) team. She was still asymptoma-
tic, and among the clinical findings a systolic murmur 2-3/6
with punctum maximum above the pulmonary valve was
observed. A sinus rhythm with a heart rate of 83/min, right
bundle branch block (QRS length of 142 ms) and QTc durati-
on of 454 ms was identified on the ECG. During the follow-up
24-hour Holter ECG, two episodes of ventricular tachycardia
(VT) were noticed with a frequency of 150-180/min lasting 10
seconds whose source, judging by the appearance of the QRS,
was most likely in the right ventricular outflow tract (RVOT).
Echocardiographic follow-up indicated a dilated (diastolic RV
area of 34.7 cm?), volume-overloaded RV with a diastolic septal
shift to the left and still preserved RV systolic function accor-
ding to FAC (fractional area change) of 50% and a tricuspid
annular plane systolic excursion (TAPSE) of 22 mm, but with
reduced s’ to 7.6 m/s. A significant (probably severe) PR was
noted (Figure 1 and Figure 2; PHT of 87 ms, time without flow
during diastole was 1560 ms, present PA reverse flow, regurgi-
tation jet occupied 60% of the RVOT width, and VC was 0.6 cm)
while the maximum systolic PG across the pulmonary valve
(PV) was 20 mmHg. A mild TR and the maximal RV systolic
pressure of 44 mmHg were noted. The ascending aorta was
borderline enlarged to 3.7 cm, without the presence of aortic
regurgitation, and the left ventricle (LV) was normal in size
and function and no visible VSD was noticed. Considering
the non-sustained VT in the asymptomatic patient, a therapy
with sotalol was started in a dosage of 2x20 mg. Follow-up 24-
hour Holter ECG after 6 days showed no ectopic ventricular
activity. Cardiopulmonary exercise testing was performed as
well, but it was stopped in the 6™ minute because of maximal
workload achieved with a satisfactory maximal oxygen up-
take of 31 ml/kg/min, a normal increase in arterial pressure
and pulse, and without the occurrence of arrhythmia. In the
subsequent follow-up period cardiovascular magnetic reso-
nance (CMR) imaging was conducted in another institution.
CMR indicated the following: LV of normal size and preser-
ved systolic function, no VSD, normal morphology of the large
blood vessels, dilated and trabeculated RV (EDVI of 145 ml/
m? ESVI of 69.1 ml/m?) with normal wall thickness and ma-
intained global systolic function (ejection fraction of RV was
44%). CMR also showed a normal morphology of the PV with
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FIGURE 2. Color Doppler and pulsed wave Doppler with the sample volume in the pulmonary artery showing reversed flow in
the pulmonary artery during diastole.

sotalolom u dozi od 2 x 40 mg. Kontrolni 24-satni holter EKG-
a nakon 6 dana bio je bez ektopi¢ne ventrikulske aktivnosti.
Ucinjena je i spiroergometrija koja je prekinuta u 6. minuti
zbog postignutog maksimalnog optere¢enja, uz zadovoljava-
juc¢u vrénu potrosnju kisika od 31 mL/kg/min te uredan porast
arterijskoga tlaka i pulsa, kao i bez pojave aritmija.

U daljnjemu kontrolnom intervalu u vanjskoj ustanovi uci-
njena je 1 magnetna rezonancija (MR) srca u ¢ijem nalazu
je opisano sljedec¢e: normalno velika LK ocuvane sistolicke
funkcije, bez VSD-a, uredna morfologija velikih krvnih Zila
te dilatirana i trabekulirana DK (indeksirani teledijastoli¢ki
volumen 145 mL/m?, indeksirani telesistoli¢ki volumen 69,1
mL/m?), uredne debljine stijenke i odrzane globalne sistolicke
funkcije (ejekcijska frakcija DK iznosila je 44 %). Opisana je
takoder uredna morfologija PV s nesto ubrzanijim protokom,
Sto je oznaceno kao PS srednjega stupnja te PR 2+ Nadena
je dilatirana ascendentna aorta na razini Valsalvinih sinusa
(4,0 cm), a na kasnoj imbibiciji gadolinijem opisana je punkti-
formna zona imbibicije u srednjoj tre¢ini prednje stijenke DK
za koju se zakljucilo da, s obzirom na dimenzije, ne bi treba-
la ¢initi aritmogeni supstrat. S obzirom na navedeno i, medu
ostalim, na procjenu veli¢ine DK primjenom MR-a, za sada
smo se odlucili za daljnje pracenje bolesnice 1 planiranje po-
navljanja MR-a srca u kontrolnom periodu radi bolje definicije
teZzine PR te pracenja eventualne progresije dilatacije i dis-
funkcije DK, kao 1 bolje evaluacije ostalih struktura. Odlucili
smo se prikazati ovaj slucaj jer je to tipi¢an primjer bolesnika
s korigiranom ToF koji u odrasloj dobi mogu razviti brojne pro-
bleme, o cemu c¢e biti viSe rije¢i u nastavku teksta.

U ove je bolesnice ostalo nekoliko otvorenih pitanja koja
¢e zahtijevati odgovor tijekom daljnjega prac¢enja. Neka su od
njih preciznija kvantifikacija PR, odredivanje pravoga vreme-
na za operativni zahvat na PV, pitanje postojanja eventualne
periferne stenoze pluéne arterije, pitanje daljnje dijagnostike
i lijeGenja VT (da li ostati na antiaritmiku, uc¢initi elektrofizi-
olosku studiju ili samo pratiti, utvrditi postoji li indikacija za
kardioverter-defibrilator) i dr. Ono §to se ovim slu¢ajem htjelo
naglasiti jest potreba za boljom edukacijom svih kardiologa,
kako adultnih, tako i pedijatrijskih, ali i radiologa (prije svega
onih koji se bave MR-om) o specifiénostima odraslih bolesni-
ka s prirodenim sré¢anim gre§kama jer ¢e ih u svakodnevnoj

a slightly accelerated flow across the valve which was mar-
ked as moderate PS. A PR of grade 2+ was found as well. The
examination showed a dilated ascending aorta at the aortic
root level of 4.0 cm, and LGE showed a punctiform area of
imbibition in the middle third of the RV anterior wall, which
was concluded not to represent an arrhythmogenic substra-
te considering its dimensions. Bearing in mind all the above
and especially the RV size estimated by CMR, for now we have
decided to monitor the patient and to repeat the CMR in the
follow-up period to better assess the severity of PR and po-
ssible progression of the RV dilation and dysfunction, and to
better evaluate all other cardiovascular structures. We have
decided to present this case because it is an example of a typi-
cal patient with a repaired ToF and problems that can occur
in adulthood, which will be addressed in the section below.

Several questions were left unanswered in this case and
will require an answer during further follow up. They include
a more precise quantification of PR, determination of optimal
timing for PV surgery, the question of possible peripheral pul-
monary artery stenosis, the question of further diagnostics
and treatment of VT (whether we should continue with the an-
tiarrhythmic therapy, conduct an electrophysiological study,
or just monitor and determine whether there are indications
for a cardioverter defibrillator), and others. What we wanted to
emphasize with this case report is the need for better educati-
on of all cardiologists, both adult and pediatric specialists as
well as radiologists (primarily those who perform CMR), about
the specificities of adult patients with congenital heart dise-
ases (CHD) as those will be ever more numerous in everyday
cardiology practice. Finally, these patients should be referred
to tertiary ACHD centers where they will be monitored and
treated by a team consisting of cardiologists, cardiac surge-
ons, radiologists, and other specialists dedicated to this group
of patients.

Literature review

Tetralogy of Fallot is the most common cyanotic CHD*. The
incidence is around 10% of all CHD, and the rate of survival to
adulthood is greater than 85%. In addition to VSD, overriding
aorta, PV/RVOT stenosis (with possible PA stenosis at the le-
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kardioloskoj praksi biti sve vi§e. U konacnici je ipak te bole-
snike potrebno usmjeriti u tercijarne centre za PBS odraslih,
gdje ¢e ih dalje pratiti i lije¢iti tim sastavljen od kardiologa,
kardijalnih kirurga, radiologa 1 specijalista drugih grana me-
dicine usko posvecenih ovoj skupini bolesnika.

Pregled literature

Fallotova tetralogija najce$ca je cijanoti¢na PBS!. Incidencija
iznosi oko 10 % svih PBS-a, a preZivljenje u odraslu dob izno-
si vise od 85 %. Uz VSD, jasucu aortu, stenozu PV/RVOT-a (uz
eventualne stenoze PA na razini debla, bifurkacije ili ograna-
ka) i posljedi¢nu hipertrofiju DK mogu biti prisutne i dodatne
anomalije u gradi srca i velikih krvnih Zila kao §to su atrijski
septalni defekt, perzistentni foramen ovale, desni luk aorte
(u 25% slucajeva), anomalije koronarnih arterija (u 5% sluca-
jeva), perzistentni duktus arteriozus i dr. Stoga je jako vazno
u svakog bolesnika s ToF-om sustavno tragati i za ostalim
popratnim greSkama. Mnogi su od takvih bolesnika u dje-
tinjstvu prije totalne korekcije ToF-a zahtijevali neku od pa-
lijativnih operacija stvaranja sistemsko-pulmonalnog santa
radi povec¢anja protoka u plu¢noj cirkulaciji, Sto je vazno znati
pri evaluaciji odraslog bolesnika. Totalna korekcija ukljucuje
zatvaranje VSD-a zakrpom te rjeSavanje opstrukcije RVOT-a
resekcijom infundibuluma i pulmonalnom valvulotomijom.
Brojni bolesnici zahtijevaju jos 1 RVOT ili transanularnu za-
krpu, Sto se smatra jednim od glavnih uzroka postoperativne
PR koja je jedan od glavnih problema odraslih bolesnika s ko-
rigiranom ToF. Od ostalih komplikacija koje se mogu pojaviti
u odrasloj dobi mogu se naéi rezidualna RVOT opstrukcija, di-
latacija i disfunkcija DK, rezidualni VSD na mjestu zakrpe, di-
latacija korijena aorte s posljediénom aortnom regurgitacijom
(AR), disfunkcija LK, atrijske i ventrikulske aritmije, iznenad-
na sréana smrt (SCD) te endokarditis koji se rijetko pojavljuje.
Zbog svih navedenih problema koji zahtijevaju pomno pra-
¢enje, dodatnu dijagnosticku obradu i pravodobnu terapijsku
intervenciju ove je bolesnike potrebno redovito kontrolirati
u tercijarnom centru za PBS kako bi im se pruzila optimalna
medicinska skrb.

Pulmonalna regurgutacija jedan je od najceséih problema
ToF-a u odrasloj dobi i vrlo ¢esto je klini¢ki znacajna (bilo
da je umjerena ili teska) te zahtijeva reoperaciju. Posljedica
je korektivnog operativnog zahvata uc¢injenog u djetinjstvu,
a on podrazumijeva pulmonalnu valvulotomiju te transanu-
larnu inciziju i zakrpu. Adultni kardiolozi koji nisu dovoljno
upoznati s problemima bolesnika s ToF-om ehokardiografski
Cesto previde PR jer je patologija PV u kardiologiji odraslih
vrlo rijetko zastupljena, a i prikaz PV nije uvijek optimalan.
Dodatni razlog neprepoznavanja veli¢ine problema kod uoce-
ne PR jest ijos uvijek nedovoljno definirana ehokardiografska
procjena teZine PR.

Prema posljednjim preporukama? Europskog udruzenja za
kardiovaskularno oslikavanje, teZina PR-a uglavnom se pro-
cjenjuje kvalitativnim metodama, pri ¢emu na tesku PR upu-
¢uju parametri kao sto je gusti doplerski signal regurgitacije
na kontinuiranom Doppleru, reverzni tok u PA, skra¢en PHT (<
100 ms), rani prekid regurgitacijskog mlaza zbog brzog izjed-
nacivanja tlakova u PA i DK (vrijeme bez protoka u dijastoli >
80 ms) te neki semikvantitavni poput Sirine regurgitirajuceg
mlazauRVOT-u (> 65 %) ili VC koji jo$ nisu dovoljno validirani.
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vel of the trunk, bifurcation or distal branches) and resulting
RV hypertrophy, additional anomalies in the structure of the
heart and large blood vessels can be present, like atrial septal
defect, persistent foramen ovale, right-sided aortic arch (in
25% of the cases), anomalies of the coronary arteries (in 5%
of the cases), persistent ductus arteriosus, and others. This is
why it is important to look for any other accompanying de-
fects in all patients with ToF. During childhood and before to-
tal repair, many of these patients required palliative surgery
creating a systemic-pulmonary shunt in order to increase the
flow in the pulmonary circulation, which is important to note
during the evaluation of the adult patient. Total repair inclu-
des VSD closure and relief of RVOT obstruction with resection
of the infundibulum and pulmonary valvotomy. Many pati-
ents require an additional RVOT or transannular patch, which
is considered one of the main causes of postoperative PR and
which is one of the main problems in adults with repaired ToF.
Other possible complications that can occur in adulthood are
residual RVOT obstruction, RV dilation and dysfunction, re-
sidual VSD at patch location, dilation of the aortic root with
the resulting aortic regurgitation (AR), dysfunction of the
LV, atrial and ventricular arrhythmias, sudden cardiac de-
ath (SCD) and endocarditis, which occurs rarely. Because of
all these potential issues which all require close monitoring,
further diagnostics and timely treatment, these patients sho-
uld attend regular follow-up at a tertiary ACHD center in order
to receive optimal medical care.

Pulmonary regurgitation is one of the most frequent pro-
blems in adult patients after ToF repair and is often clinically
significant (whether it is moderate or severe), and requires re-
operation. It is the consequence of the previous surgery per-
formed in childhood, which includes pulmonary valvotomy
and transannular incision and patch. Adult cardiologists, who
are not sufficiently familiar with the problems of patients
with ToF, can often overlook PR during echocardiographic
imaging because the incidence of PV pathology in general
adult population is low, and the optimal imaging of PV is not
always possible. An additional reason for misinterpretation of
PR severity could be still insufficiently defined echocardio-
graphic assessment of the PR severity.

According to the latest recommendations? of the European
Association for Cardiovascular Imaging, the severity of PR is
usually estimated through qualitative methods where severe
PR is indicated by parameters such as dense Doppler signal
of regurgitation jet with continuous wave Doppler imaging,
presence of reversed flow in PA, short PHT (<100 ms) and early
interruption of the regurgitation jet due to fast equalization
of PA and RV diastolic pressures (time without diastolic flow
>80 ms), and other semi-quantitative parameters such as the
regurgitation jet with in RVOT (>65%) or VC, which have not
yet been sufficiently validated. Quantitative parameters such
as regurgitation volume, regurgitation fraction, and effective
regurgitant orifice area (EROA) have also not been validated.
However, the first indicators of severe PR could be the signs
of RV volume overload (dilated RV and diastolic leftward shift
of the interventricular septum). An assessment of the RV size
and function is therefore necessary for every patient with PR,
using all available echocardiographic methods and parame-
ters usually used in adult cardiology (FAC, TAPSE, TDI s’ and



Kvantitavni parametri poput regurgitiraju¢eg volumena, re-
gurgitirajuce frakcije i efektivne regurgitiraju¢e areje (EROA)
takoder nisu validirani. Medutim, ono $to nas prvo moze upu-
titi na znac¢ajnu PR jesu njezini u¢inci na DK, odnosno znakovi
volumnog optere¢enja DK (dilatirana DK i pomak septuma u
dijastoli ulijevo). U svakog bolesnika koji ima zna¢ajnu PR po-
trebna je procjena veli¢ine i funkcije DK svim dostupnim eho-
kardiografskim metodama i parametrima kojima se i inace
koristimo u adultnoj kardiologiji (FAC, TAPSE, TDIs'idr.). Lon-
gitudinalni 2D ,strain” u takvih je bolesnika reduciran i kore-
lira s dilatacijom DK i tezinom PR. TeZina regurgitacije i ja¢ina
utjecaja na DK povecava se istodobnim postojanjem distalnih
stenoza PA ili pak postojanjem plu¢ne arterijske hipertenzije.
S obzirom na reducirane ehokardiografske moguénosti preci-
zne kvantifikacije teZine PR, potrebno je integrirati sve nave-
dene parametre radi dobivanja §to potpunijeg uvida u stvarnu
tezinu PR. Oslikavanje s pomoc¢u MR-a srca jest ,zlatni stan-
dard" u procjeni stupnja PR-a, kao i veli¢ine i funkcije DK. U
procjeni tezine PR-a najpouzdaniji je parametar regurgitiraju-
¢a frakcija (RF > 40 % = teSka PR). Veli¢ina (indeksirani enddi-
jastoli¢ki volumen > 170 mL/m? 1 indeksirani endsistolicki
volumen > 85 mL/m?nose loSu prognozu) i funkcija DK (EF),
kao i njihova promjena tijekom pracenja kljuéni su parametri
u procjeni trenutka reoperacije PV-a. Osim navedenog, MR je
izvrsna metoda u procjeni veli¢ine i funkcije LK, anatomije
koronarnih arterija, aneurizmi RVOT-a, u dijagnostici stenoza
PA injenih ogranaka, procjeni oZiljno promijenjenog miokar-
da s kasnom imbibicijom gadolinijem, u izra¢unu $anta i dr.
Znacajna PR godinama se dobro podnosi, ali nakon prosjec¢no
20-ak godina dovodi do dilatacije i disfunkcije DK te pojave
simptoma sréanog popustanja i aritmija, prije svega fibrilacije
i undulacije atrija te VT-a. Prvi simptom u ovakvih bolesnika
¢ak moZe biti 1 SCD pa se PR smatra jednim od glavnih ¢im-
benika rizika za SCD u bolesnika s korigiranom ToF. Takoder
je poznato da od svih odraslih bolesnika s PBS, bolesnici s
ToF-om imaju najveci rizik za razvoj sréanog popustanja. Li-
jecenje PR sastoji se u zamjeni pulmonalnog zalistka (PVR),
ali je pitanje optimalnoga trenutka u kojem to treba uciniti jos
uvijek bez jasnog odgovora. Prema smjernicama* Europskoga
kardioloskog drustva (ESC), smatra se da je vaznija progresija
u veli¢iniili disfunkciji DK nego apsolutna veli¢ina navedenih
parametara. Znacajna dilatacija DK na MR-u srca (indeksirani
teledijastolicki volumen > 160 (170) mL/m? ili indeksirani te-
lesistoli¢ki volumen > 85 mL/m? povezana je sa zna¢ajnom
dilatacijom DK nakon PVR-a i loS§ijom prognozom?. Medutim,
operacija u mladoj dobi donosi brze propadanje bioloske PV te
raniju novu reoperaciju, odnosno reintervenciju. Kirurska za-
mjena zalistka u vec¢ini slu¢ajeva ¢ini se bioloskom protezom
ili homograftom. Perioperativni je mortalitet nizak (oko 1 %) u
bolesnika bez uznapredovale disfunkcije klijetke i bez zna-
kova sréanog popustanja, a desetogodi$nje preZivljenje iznosi
92 — 95 %. U odraslih je bolesnika nova reoperacija potrebna
nakon prosje¢no 10 — 15 god. Osim klasi¢noga kirurskog za-
hvata, danas se primjenjuje i perkutana implantacija tzv. Me-
lody valvule koja moze biti indicirana u dijela bolesnika s PR
i korigiranom ToF. Prema smjernicama! ESC-a, indikacija za
zamjenu PV jest simptomatska teska PR, odnosno asimpto-
matska teska PR ako je prisutan jedan od sljede¢ih kriterija:
pad u funkcijskom kapacitetu, progresivna TR, progresivna
dilatacija ili disfunkcija DK, opstrukcija RVOT-a sa sistolickim
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others). In these patients, longitudinal 2D strain is reduced
and correlates with RV dilation and the PR severity. The se-
verity of the regurgitation and its effect on the RV are incre-
ased with the simultaneous presence of distal PA stenosis or
the existence of pulmonary arterial hypertension. Conside-
ring the reduced echocardiographic capabilities of precise
quantification of the PR severity, it is necessary to integrate
all these parameters in order to achieve an insight into the
real severity of PR as much as possible. CMR imaging is the
gold standard for the assessment of the PR severity as well as
for the RV size and function. The most reliable parameter for
the assessment of PR is the requrgitation fraction (RF >40% =
severe PR). The RV size (end-diastolic volume index >170 ml/
m?and end-systolic volume index>85 ml/m? indicate a worse
prognosis) and function (EF) as well as their change during
the follow-up are crucial parameters in the assessment of the
appropriate timing for repeated surgical intervention on PV.
In addition to the above, CMR is an excellent method for the
assessment of LV size and function, the anatomy of the great
vessels, RVOT aneurisms, PA and branch stenosis, the asse-
ssment of the myocardial scar burden on LGE, for the shunt
calculations, etc. Significant PR can be well tolerated for a
long time, but after on average 20 years it leads to RV dilation
and dysfunction and to the appearance of symptoms of he-
art failure and arrhythmias, primarily atrial fibrillation, atrial
flutter and VT. Initial symptom in these patients can even be
SCD, so PR is considered one of the main risk factors for SCD
in patients with repaired ToF. It is also known that of all the
patients with ACHD, patients with ToF have the greatest risk
of developing heart failure. The treatment of PR consists of
pulmonary valve replacement (PVR), but the question of the
optimal timing for reoperation is still unanswered. According
to the guidelines! of the European Society of Cardiology (ESC)
the progression of RV dilation or dysfunction is considered
more important that the absolute values of the stated parame-
ters. Significant RV dilation on CMR (end-diastolic volume in-
dex >160 (170) ml/m? or end-systolic volume index >85 ml/m?)
is associated with persistent RV dilation following PVR and
a worse prognosis®. However, surgical procedures at an early
age lead to more rapid deterioration of tissue PV and an earlier
reoperation or reintervention. Surgical valve replacement is
done in most cases with a tissue prosthesis or a homograft.
Perioperative mortality is low (around 1%) in patients without
advanced ventricular dysfunction or signs of heart failure,
and the 10-year survival rate is 92-95%. In adult patients, a
second reoperation is needed after 10-15 years on average. In
addition to classical surgical procedures, there is also a possi-
bility of percutaneous implantation of the so called “Melody”
valve which can be indicated for some patients with PR and a
repaired ToF. According to ESC guidelines?, indication for the
PV replacement is a severe symptomatic PR or severe asymp-
tomatic PR if any of the following criteria is present: decrease
in objective exercise capacity, progressive TR, progressive RV
dilation or dysfunction, RVOT obstruction with systolic RV
pressure of >80 mmHg (TR velocity >4.3 m/s) or the presen-
ce of sustained atrial or ventricular arrhythmias. Following
PVR, regardless of the method, the functional capacity incre-
ases and RV decreases in size, but the long-term prognosis
and the effect on the survival rate is still unknown.
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Repaired Tetralogy of Fallot in Adults
- Case Report and a Short Literature Review

tlakom u DK >80 mmHg (brzina TR > 4,3 m/s) te prisutnost po-
stojane atrijske, odnosno ventrikulske aritmije. Nakon PVR-g,
neovisno o metodi, dolazi do porasta funkcijskog kapaciteta
i smanjenja veli¢ine DK, ali je pitanje dugoro¢ne prognoze i
utjecaja na prezivljenje jos uvijek nepoznato.

Rezidualna opstrukcija RVOT-a moZe biti na razini infun-
dibuluma, PV-a, PA, bifurkacije, u ograncima lijeve i desne PA
(¢esto posljedica prethodnih palijativnih operacija) te na ana-
stomozama provodnika. Ona pogorsava funkciju DK i poveca-
va PR u slucaju distalnih stenoza. S obzirom na to da je cesto
nemoguce precizno izmjeriti maksimalni gradijent u RVOT-u,
najpreciznija ehokardiografska procjena tlaka u DK je pomo-
¢u prikaza mlaza TR primjenom kontinuiranog doplera. Tera-
pija je kirursko rjesavanje opstrukcije ili perkutana dilatacija
(u slu¢aju stenoze perifernih ogranaka). Operativni zahvat
zamjene PV indiciran je u slu¢aju simptomatske teske PS (si-
stolicki tlak u DK > 60 mmHg, brzina iz TR > 3,5 m/s), odnosno
u slucaju asimptomatske PS ako je prisutan i jedan od slje-
decéih kriterija: pad u funkcijskom kapacitetu, progresivna TR,
progresivna dilatacija ili disfunkcija DK, opstrukcija RVOT-a
sa sistolickim tlakom u DK > 80 mmHg (brzina TR > 4,3 m/s) te
prisutnost postojane atrijske, odnosno ventrikulske aritmije.

Dilatacija i disfunkcija DK moZze biti uzrokovana, kako
je ve¢ opisano, dugotrajnom znac¢ajnom PR i opstrukcijom
RVOT-a zbog volumnog, odnosno tla¢nog opterec¢enja, ali je
Cesto dijelom i posljedica prisutnosti postoperativnih ozilja-
ka. Jedan od uzroka disfunkcije DK moZe biti i disinkronija
zbog prisutnog bloka desne grane pa u nekih bolesnika moze
biti indicirana i resinkronizacijska terapija. Posljedica dilata-
cije DK Cesto je znac¢ajna TR koja onda vodi u zac¢arani krug
daljnje dilatacije i pogor$anja funkcije DK, a to u konac¢nici
vodi razvoju sr¢anog popustanja, pove¢anom riziku od ari-
tmijai SCD.

Jedan od moguc¢ih problema odraslih bolesnika nakon
korigirane ToF moZe biti i rezidualni VSD zbog dehiscijen-
cije zakrpe. Najcesce je mali s restriktivnim Santom (visoki
gradijent), ali, ako je znatan (Qp : Qs = 1,5 : 1), tada dovodi do
volumnog optereé¢enja LK i razvoja pluéne hipertenzije te ga
je potrebno kirurski korigirati. Indikacija za zatvaranje VSD-a
prisutna je i ako se planira operacija na PV.

Smatra se da su uzroci disfunkcije LK u ovakvih bolesnika
viSestruki. Najcesce se u literaturi spominju dugotrajna cija-
noza prije operacije, volumno optereéenje zbog dugotrajnih
palijativnih arterijskih santova, rezidualnog VSD-a ili AR-a,
postojanje koronarne bolesti srca, interventrikulska interak-
cija u sluc¢aju teske PR idr. Ovaj se problem pojavljuje u kasni-
joj fazi bolesti i vazan je prognosticki ¢imbenik za SCD i lo$
klinigkiishod.

Uzrok dilatacije korijena aorte nije potpuno jasan. MozZe
dovesti do razvoja AR-a, a progresivna se dilatacija vida se u
15 % odraslih bolesnika nakon korekcije ToF-a. Smatra se da
je uzrokovana intrinziénom bole§céu aorte, kao 1 pove¢anim
protokom kroz aortu (npr. kod pulmonalne atrezije) te kasnom
korekcijom greske. Veli¢ina je aorte uglavnom manja od 5 cm
i rijetko dovodi do disekcije, a ¢esce je prisutna u muskih bo-
lesnika. Indikacija za zamjenu aortne valvule prisutna je ako
postoji te§ka simptomatska AR, odnosno asimptomatska tes-
ka AR uz znakove disfunkcije LK.
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Residual RVOT obstruction can occur at the level of the in-
fundibulum, PV, PA, bifurcation, in the branches of left or right
PA (often the result of the previous palliative surgery), and at
the conduit anastomoses sites. It impairs the RV function and
increases PR in the case of co-existent distal stenosis. Consi-
dering the fact that it is often impossible to precisely measure
the maximum gradient in RVOT, the most precise echocar-
diographic assessment of the RV pressure is from the TR
velocity acquired from a continuous-wave Doppler imaging.
The therapy is a surgical relief of the obstruction or the per-
cutaneous dilation (for example, in the case of the peripheral
branch stenosis). Surgical PVR is indicated in cases of severe
symptomatic PS (RV systolic pressure >60 mmHg, TR velocity
>3.5m/s) or in case of asymptomatic PS if any of the following
criteria are present: decrease in objective exercise capacity,
progressive TR, progressive RV dilation or dysfunction, RVOT
obstruction with RV systolic pressure >80 mmHg (TR velocity
>4.3 m/s) or the presence of a sustained atrial or ventricular
arrhythmias.

RV dilation and dysfunction can be caused, as described
before, by long-term severe PR and/or RVOT obstruction due
to the volume or pressure overload but it is also often partly
caused by the presence of postoperative myocardial scar for-
mation. One of the causes of RV dysfunction can be dyssync-
hrony due to the presence of a RBBB, thus for some patients
resynchronization therapy (CRT) can be indicated. The con-
sequence of the RV dilation is often significant TR which le-
ads into a vicious cycle of further dilation and deterioration
of RV function, and this eventually leads to the development
of heart failure and to an increased risk of arrhythmias and
SCD.

One of the possible problems for adult patients after the
repair of ToF can also be a residual VSD due to the patch de-
hiscence. Most often VSD is small with restrictive flow (high
pressure gradient), but if it is significant (Qp:Qs= 1.5:1) then it
leads to LV volume overload and development of pulmonary
hypertension, and needs to be surgically corrected. VSD clo-
sure is also indicated if PV surgery is planned.

It is believed that there are multiple causes of LV dysfunc-
tion in these patients. Most often mentioned in the literature
are long-term cyanosis prior to the operation, volume over-
load due to long-term palliative arterial shunts, residual VSD
or AR, the presence of coronary heart disease, interventricu-
lar dependence in the case of severe PR, and others. This pro-
blem appears at a later phase of the illness and is a significant
prognostic factor for SCD and an adverse clinical outcome.

The cause of the aortic root dilation is still not completely
clear. It can lead to the development of AR, and a progressive
dilation is seen in 15% of the adult patients after repaired ToF.
It is believed to be caused by the intrinsic disease of the aorta,
as well asby the increased aortic flow (for example in the case
of pulmonary atresia) and late repair of the defect. The size of
the aorta is usually less than 5 cm and rarely leads to dissec-
tion, and is more often present in male patients. Aortic valve
replacement is indicated if there is a severe symptomatic AR,
or severe asymptomatic AR with the signs of LV dysfunction.

Arrhythmias and SCD are one of the most frequent pro-
blems in this group of patients. Atrial fibrillation/flutter and



Aritmije i SCD jedan su od najc¢esc¢ih problema ove skupi-
ne bolesnika. Fibrilacija/undulacija atrija i ventrikulska ta-
hikardija mogu biti posljedica progresivnih hemodinamskih
problema i/ili stvaranja oZiljka nakon operativnog zahvata u
podruc¢ju RVOT-a i VSD-a. ToF je jedna od PSG s najvisim rizi-
kom za SCD, koji iznosi oko 2% u desetogodi$njem intervalu i
uzrokuje tre¢inu do polovicu svih kasnih smrti u ovoj popula-
ciji. Poznati su neki ¢imbenici rizika za pojavu SCD kao §to su
trajanje QRS-a > 180 ms, volumno optere¢enje DK, disfunkcija
LK i DK, prosirena fibroza klijetke na MR srca, dugotrajni pa-
lijativni Santovi, nepostojana VT u 24-satnom holteru EKG-a
te klini¢ka i inducibilna postojana VT. Bolesnici sa simptomi-
ma (sinkopom, vrtoglavicom, palpitacijama) trebaju detaljnu
hemodinamsku i elektrofizioloSku evaluaciju. U asimptomat-
skih bolesnika s nepostojanom VT potreban je individualan
pristup ovisno o ostalim klini¢kim obiljeZjima (¢imbenicima
rizika za SCD). Buduc¢i da nema jasnih podataka, pristup li-
jecenju ovakvih bolesnika varira od iskljuc¢ivoga pracenja,
preko antiaritmijske terapije do elektrofizioloske studije/abla-
cije 1 ugradnje kardioverterskog defibrilatora (ICD). Primjena
ICD-a svakako je indicirana u sekundarnoj prevenciji SCD
(postojana VT, stanje nakon aresta), ali je stratifikacija rizika
u primarnoj prevenciji SCD vrlo teska i za sada nema potpuno
jasnih smjernica, iako postoje neki prijedlozi pojedinih auto-
ra*. Pri dono$enju odluke o eventualnoj ugradnji ICD-a, ovim
uglavnom mladim osobama, svakako treba uzeti u obzir i po-
znate potencijalne komplikacije koje se mogu pojaviti nakon
ugradnje kao §to su endokarditis ili neadekvatna uklju¢ivanja
uredajaisl. Prema posljednjim smjernicama®ESC-a, ugradnju
ICD-a treba razmotriti u odabranih bolesnika s ToF-om 1 vise-
strukim ¢imbenicima rizika za SCD, ukljucujuc¢i disfunkciju
LK, nepostojanu VT, QRS dulji od 180 ms ili inducibilnu po-
stojanu VT na elektrofizioloskom testiranju. Elektrofiziolosko
testiranje moze se razmotriti u stratifikaciji rizika za naglu
sréanu smrt u bolesnika s ToF-om koji imaju jedan ili vise
¢imbenika rizika kao §to su disfunkcija LK, nepostojana VT
1 QRS dulji od 180 ms.
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ventricular tachycardia can be the consequence of the progre-
ssive hemodynamic problems and/or scar formation after the
RVOT operation and VSD closure. ToF is one of the ACHD with
the greatest risk of SCD of around 2% in the 10-year interval
and causes between one third and one half of all late deaths
in this population. Some risk factors for SCD are known, such
as QRS >180 ms, RV volume overload, LV and RV dysfunction,
large areas of ventricular fibrosis on CMR, long-term palliati-
ve shunts, VT in the 24-hour Holter ECG, and the clinical and
inducible sustained VT. Patients with symptoms (syncope,
dizziness, palpitations) require a detailed hemodynamic and
electrophysiological evaluation. Asymptomatic patients with
non-sustained VT require an individual approach dependent
on other clinical characteristics (SCD risk factors). Since the-
re is no clear data, the treatment approach for these patients
varies from purely monitoring to antiarrhythmic therapy,
electrophysiological study/ablation and implantation of a
cardioverter defibrillator (ICD). ICD implantation is definitely
indicated in secondary prevention of SCD (sustained VT and
after cardiac arrest), but risk stratification in primary SCD
prevention is very difficult and there are currently no clear
guidelines although there are some suggestions from certain
authors*. While considering the possible implantation of ICD
in these usually young persons, one should bear in mind the
known possible complications that can occur after the im-
plantation, such as endocarditis or inappropriate device acti-
vation and similar complications. According to the latest ESC
guidelines®, ICD implantation should be considered for pati-
ents with ToF and multiple SCD risk factors, which include
LV dysfunction, non-sustained VT, QRS duration longer than
180 ms, or inducible sustained VT during electrophysiological
study. Electrophysiological study can be considered for the
SCD risk stratification in patients with ToF who have one or
more risk factors such as LV dysfunction, non-sustained VT,
and QRS duration longer than 180 ms.
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