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CASE REPORT

Echocardiographic Fea tures of Adult Tetralogy of Fallot with Nat u ral Pal lia tive
Cor rec tion by Pat ent Ductus Arteriosus

Ivan Sokol, Josip Vincelj, Marijan Kirin1

In sti tute of Car dio vas cu lar Dis eases; and 1In ten sive Care Unit, Dubrava Uni ver sity Hos pi tal, Zagreb, Croatia

A thirty-year-old man with the di ag no sis of the tetralogy of Fallot and pat ent ductus arteriosus was ad mit ted to our hos -
pi tal be cause of a syn cope. He re ported no pre vi ous symp toms. We di ag nosed adult tetralogy of Fallot, which in cluded 
all four char ac ter is tic anom a lies: ven tric u lar septal de fect, over rid ing aorta, pul mo nary ar tery ste no sis, and right ven -
tric u lar hy per tro phy. The as so ci ated per sis tent ductus arteriosus and the pres ence of com pen sa tory arterio venous com -
mu ni ca tions pro duced a con tin u ous flow load on the left ven tri cle, which re sulted in mod er ate left ven tric u lar hy per -
tro phy, but with out symp toms of pul mo nary con ges tion or car diac decompensation. An a tomic di ag no sis and
hemodynamic as sess ment were es tab lished by transthoracic and transesophageal echocardiography, with in ci den tal
find ing of a quadricuspid aor tic valve. To the best of our knowl edge, our case of the adult form of Fallot’s tetralogy as so -
ci ated with both pat ent ductus arteriosus and quadricuspid aor tic valve is the first one ever de scribed. It is well known
that pa tients with tetralogy of Fallot who do not un dergo op er a tion in child hood have short sur vival, which de pends
pre dom i nantly on the de gree of pul mo nary ar tery ste no sis and early de vel op ment of col lat eral cir cu la tion to the lungs.
Long-term per sis tence of nat u ral aortopulmonary anas to mo sis with sys temic col lat eral cir cu la tion to the lungs and re -
mod el ing of the heart, with better hemodynamic bal ance as well as the pres ence of mild pul mo nary ar tery ste no sis
prob a bly en hanced the sur vival of our pa tient.
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The tetralogy of Fallot is a con gen i tal heart dis -
ease with a de vel op men tal de fect due to antero- ce -
pha lad de vi a tion of the out let sep tum, which re sults
in four an a tomic fea tures: 1) right ven tric u lar out flow
tract ob struc tion, which may be infundibular, val vu -
lar, or a com bi na tion of both; 2) non re stric tive ven -
tric u lar septal de fect; 3) over rid ing aorta; and 4) right
ven tric u lar hy per tro phy. Ac com pa ny ing fea tures can
in clude ad di tional ven tric u lar septal de fects, anom a -
lous cor o nary ar ter ies, right-sided aor tic arch, aor tic
root di la ta tion, aor tic re gur gi ta tion, per sis tent left su -
pe rior vena cava, and pat ent ductus arteriosus. When
the tetralogy of Fallot is as so ci ated with atrial septal
de fect, the anom aly is re ferred to as the pentalogy of
Fallot (1). In most cases, tetralogy of Fallot is cyanotic
heart dis ease, but it can be acyanotic as well. Since
the ven tric u lar septal de fect is usu ally large, with the
area as great as that of the aor tic valve, both ven tri cles
and aorta have about the same sys tolic pres sures. The
most im por tant hemodynamic fac tor is the ra tio be -
tween the re sis tance to flow into the aorta and re sis -
tance to flow across the stenotic right ven tric u lar
infundibulum. In the acyanotic form of the tetralogy
of Fallot, pul mo nary ste no sis is mild, the re sis tance to

the right ven tric u lar flow is not large, the pul mo nary
flow may be twice the sys temic flow, and ar te rial ox y -
gen sat u ra tion may be nor mal. Con versely, in the
cyanotic form, pul mo nary ste no sis is very se vere and
the re sis tance to the pul mo nary flow is sig nif i cantly
in creased, caus ing right-to-left shunt ing, with ar te rial
desaturation and sub se quent polycythemia (2). Al -
though the av er age life span of a pa tient with tetralogy 
of Fallot who does not un dergo op er a tion is 12 years,
it has been es ti mated that nearly 11% sur vive to the
age of 20,6% to the age of 30, and only 3% to the age
of 40 (3-5). Sur vival to the sev enth de cade has been
de scribed, but out come and life span of an unope -
rated pa tient is poor be cause the nat u ral course of the
dis ease is de ter mined by the se ver ity of the ob struc -
tion of the right ven tric u lar out flow tract and pul mo -
nary vasculature (6,7). Pro longed sur vival is pre sum -
ably re lated to the an a tomic de fects, which re sult in
com par a tively mild hemodynamic al ter ations or re -
mark able phys i o logic compensatory responses in the
patient’s pulmonary circulation, or both. We describe 
a case of acyanotic adult tetralogy of Fallot with
patent ductus arteriosus and quadricuspid aortic
valve.
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Case Re port

A 30-year-old man was ad mit ted to our hos pi tal
for syn cope af ter phys i cal ef fort, which was greater
than usual. Tetralogy of Fallot and pat ent ductus arte -
riosus were di ag nosed by car diac catheterization,
right and left ven tric u lar angiography, and aorto -
graphy at the age of 6. He had reached the third de -
cade of life with out pre vi ous pal lia tive or cor rec tive
op er a tion and with out any symp toms. On the phys i -
cal ex am i na tion, he was of nor mal body growth,
acyanotic, with blood pres sure of 110/80 mm Hg and
dis crete fin ger club bing. On auscultation, con tin u ous 
mur mur with peak in ten sity at S2, there af ter grad u ally 
fad ing to ter mi na tion be fore S1, was best heard in the
sec ond left in ter cos tal space and was re lated to the
pul mo nary ar tery ste no sis and pat ent ductus arterio -
sus. Hematologic find ings were nor mal, in clud ing he -
mo glo bin, hematocrit, and platelet count. The to tal
heart size was nor mal on chest ra di og ra phy, with con -
cave pul mo nary ar tery seg ment and el e vated apex,
giv ing a “boot shaped” con tour. The mea sure ment of
ar te rial par tial ox y gen pres sure in di cated O2 sat u ra -
tion near 88%. Cya no sis was not de tect able. Elec tro -
car dio gram showed si nus rhythm with a mean
QRS-axis +80° and biventricular hy per tro phy (Fig.
1A). Con tin u ous am bu la tory ele ctro cardiographic ex -
am i na tion was not di ag nos ti cally help ful. With M-
 mo de and two-di men sional mea sure ments per fo -
rmed from the left parasternal and apical views of the
long axis of the heart, we ob tained the fol low ing
echo cardiographic vari ables: aor tic root di men sion
(Ao) 3.8 cm, left atrial di men sion (LA) 5.0 cm, right
atrial di men sion (RA) 5.1 cm, right ven tric u lar end-di -
a stolic di men sion (RVDD) 2.2 cm, left ven tric u lar

end-di a stolic di men sion (LVEDD) 5.6 cm, left ven tric -
u lar end-sys tolic di men sion (LVESD) 3.8 cm, inter -
ventri cular septal thick ness (IVST) 1.4 cm, right ven -
tric u lar free wall (RVFW) 1.4- 1.8 cm, left ven tric u lar
pos te rior wall (LVPW) 1.5 cm, di am e ter of ven tric u lar 
septal de fect (VSDd) 1.9 cm (Fig. 1B), and LV ejec tion
frac tion 61%. Com pre hen sive Dopp ler echocardio -
gra phy as sess ment re vealed mild mi tral and sig nif i -
cant tricuspid re gur gi ta tion as well as nor mal aor tic
valve flow. Infundibular and unicuspid val vu lar pul -
mo nary ar tery ste no sis with a right ven tric u lar out flow 
or i fice di am e ter of 0.86 cm, de ter mined on the
subvalvular level, was re vealed on transesophageal
basal trans verse view of the main pul mo nary ar tery
(8). Post-stenotic di la ta tion was also dem on strated in
the prox i mal pul mo nary ar tery (Fig. 2A). The ve loc ity
time in te gral of 18.6 cm, right ven tric u lar ac cel er a tion 
time of 95 ms, and in creased pul mo nary valve peak
ve loc ity of 1.2 m/s were as sessed by pulsed wave
Dopp ler sig nal, with the sam ple vol ume placed at a
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Fig ure 1. Biventricular hy per tro phy in the pa tient with tetra -
logy of Fallot and pat ent ductus arteriosus. A. Bi ven tri cular
hy per tro phy re corded by 12-lead elec tro car dio gram. B. Bi -
ventricular hy per tro phy re corded by two-di men sional echo -
cardiographic tis sue har monic im ag ing from an api cal 5-
 cham ber view.

A

B

Fig ure 2. Pul mo nary ar tery ste no sis im age and hemody na -
mic mea sure ments in the pa tient with tetralogy of Fallot and 
patent ductus arteriosus. A. Transesophageal im age of the
right ven tric u lar out flow tract with infun di bular and unicus -
pid val vu lar pul mo nary ar tery ste no sis and post-ste notic di -
la ta tion. The di am e ter of the pul mo nary ar tery or i fice, de -
ter mined on subvalvular level, was 0.86 cm. B. Pulsed-
 wave Dopp ler as sess ment of the pul mo nary ar tery ob tained 
by multiplane transesophageal echocardiography in basal
trans verse plane po si tion. MPA – main pul mo nary ar tery;
PV – pul mo nary valve; PAd – pul mo nary ar tery di am e ter;
RVOT – right ven tric u lar out flow tract; VTI – ve loc ity time
in te gral; AT – ac cel er a tion time.

B

A



pre cise point just prox i mal to the pul mo nary valve
(9,10) and in the same plane (Fig. 2B). The stroke vol -
ume and flow per min ute of the main pul mo nary ar -
tery were ob tained by the fol low ing mea sure ments
and for mu las: pul mo nary ar tery di am e ter (PAd) =
0.86 cm; ve loc ity time in te gral (VTI, dis tance a col -
umn of blood trav els with each stro ke)=18.6 cm;
cross-sec tional area of pul mo nary ar tery an nu lus
(CSA)=0.785×(PAd)2=0.58 cm2; stro ke vol ume
(SV)=CSA×VTI=0.58×18.6=10.8 mL; heart rate
(HR)=74 beats per min ute; pul mo nary ar tery flow/
min=PA-SV×HR/1000=10.8×74/1000 = 0.8 L/
min; right ven tric u lar ac cel er a tion time (RV-AT)=95
ms; mean pul mo nary ar tery pres sure (MPAP)=90 -
(0.62×RV-AT)=31 mm Hg.

These pa ram e ters in di cated re duced rel a tive pul -
mo nary ar tery stroke vol ume and flow per min ute
(Dop p ler-de rived cal cu la tions across a stenotic valve
pro duce a “false” in crease in the cal cu lated in te gral
be cause of in creases in ve loc ity in the vi cin ity of an
ab nor mal valve; ref. 11), which dem on strated mild
pul mo nary ar tery ste no sis with mild pul mo nary hy -
per ten sion (10,11). Right ven tric u lar sys tolic pres -

sure, es ti mated by sum ming the peak pres sure of
tricuspid re gur gi ta tion (DP=4V2) and right atrial pres -
sure was 112 mm Hg. Non re stric tive and mostly peri -
membranous large ven tric u lar septal de fect and over -
rid ing aorta wider than nor mal were op ti mally as -
sessed by use of multiplane transesophageal echocar -
diography, ro tat ing the scan ning an gle to 120° (Fig.
3A). Us ing transthoracic and Dopp ler echocardio -
graphy in parasternal long-axis view, we were able to
as sess the flow through a large ven tric u lar septal de -
fect pro duc ing a fairly low ve loc ity jet dur ing the sys -
tole (Fig. 3B). This in di cated near equal iza tion of the
right and left ven tric u lar pres sures, with biventricular
hy per tro phy. Oc ca sion ally, pa tients with adult tet -
ralogy of Fallot have been treated by aortopul monary
shunt as a pal lia tive mea sure (2), which was in this
case nat u rally solved with a pat ent ductus arteriosus,
well vi su al ized on the two-di men sional echocar dio -
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Fig ure 3. Pa tient with tetralogy of Fallot and patent ductus
arteriosus A. Transesophageal echocardiogram of pe ri me -
m braneous ven tric u lar septal de fect, with over rid ing aorta.
B. Con tin u ous-wave Dopp ler as sess ment of flow through
the large ven tric u lar septal de fect re vealed a fairly low ve -
loc ity jet dur ing the sys tole, in di cat ing near equal iza tion of
the right and left ven tric u lar pres sures. AO – aorta; IVS –
inter ven tricular sep tum; LA – left atrium; LV – left ven tri cle; 
RV – right ven tri cle; VSD – ven tric u lar septal de fect.

B

A

Fig ure 4. Patient with tetralogy of Fallot and patent ductus
arteriosus. A. Suprasternal two-di men sional echocardio -
gram lon gi tu di nal to the aor tic axis show ing the aorta and
di lated main pul mo nary ar tery. Color flow Dopp ler im age
dur ing sys tole re vealed anterograde flow (col ored blue) in
the main pul mo nary ar tery and a mo saic jet along the aorto -
pulmonary con nec tion. This tur bu lent jet was the re sult of a
pat ent ductus arteriosus. B. Pat ent ductus arteriosus, with
max i mum dis tal ductal or i fice di am e ter of 1.4 cm. AO –
aorta; ASS – arteria subclavia sinistra (left subclavian ar tery); 
MPA – main pul mo nary ar tery; RPA – right pul mo nary ar -
tery; ART. PULM. – main pul mo nary ar tery; PDA – pat ent
ductus arteriosus.

B

A



graphic im ag ing in the suprasternal long-axis view
(Fig. 4A). Color flow im ag ing dur ing sys tole re vealed
anterogra de flow (col ored blue) in the main pul mo -
nary ar tery and a mo saic jet along the aortopulmo -
nary con nec tion (12). This tur bu lent jet was the re sult
of pat ent ductus arteriosus flow, which was best ob -
tained at the dis tal ductal or i fice of 1.4 cm in di am e ter 
(Figs. 4A and 4B).

Car diac catheterization re vealed a net bidirectio -
nal shunt at the ven tric u lar level and ar te rial O2 de -
saturation of 85%, with peak ven tric u lar sys tolic pres -
sure ap prox i mat ing aor tic sys tolic pres sure. Due to
con gen i tal an a tomic al ter ations, the cath e ter could
not en ter the pul mo nary ar tery. Right ven tric u lar
cineangiocardiographic ex am i na tion re vealed si mul -
ta neous fill ing of the aorta and main pul mo nary ar -
tery. Aortography re vealed si mul ta neous fill ing of the
aorta and both pul mo nary ar ter ies at the tho racic
level, with cath e ter-de tected mean pul mo nary ar tery
pres sure of 32 mm Hg. Echocardiographic find ings
cor re lated well with the car diac catheterization find -
ings. Coronary arteriography revealed normal cor o -
nary arteries.

A cu ri os ity in this pa tient was a co in ci den tal
quadricuspid aor tic valve (13,14), with a fourth leaf let 
be tween the right and left cor o nary cusps, al low ing
for an echocardiographic X-shaped pat tern of closed
po si tion of the valve in a short axis view (Fig. 5).

Dis cus sion

An unoperated pa tient with tetralogy of Fallot
has be come a rar ity in de vel oped coun tries be cause
al most all pa tients un dergo pal li a tion or re pair in
child hood. The rea son for avoid ing op er a tion of the
anom aly in our pa tient was prob a bly poor mo ti va tion
of the pa tient’s par ents dur ing his child hood be cause
of the absence of symptoms.

In a se ries of 403 pa tients aged from 3 months to
41 years, who un der went intracardiac re pair of tetra -
lo gy of Fallot, the ma jor as so ci ated anom a lies in -

cluded atrial septal de fect in 24%, pul mo nary atresia
in 7%, left su pe rior vena cava in 4.5%, and pat ent
ductus arteriosus in 2.5% of the pa tients (15). In our
case, sig nif i cant nar row ing oc curred at the level of the 
pul mo nary infundibulum and an nu lus, which were
nar rower than the pul mo nary trunk and could be vi -
su al ized in transesophageal view but not in para -
sternal short axis and subcostal view be cause of dis -
turbed and com plex ge om e try of the re gion (8). As the 
sur vival of an unoperated pa tient is de ter mined by the 
se ver ity of ob struc tion of the right ven tric u lar out flow
tract and pul mo nary vasculature (7), mild infundi bu -
lar and val vu lar ste no sis in our pa tient with acyanotic
adult tetralogy of Fallot in di cated a less pro nounced
re sis tance to right ven tric u lar outflow, with con se qu -
ent moderate right ventricular hypertrophy.

The ven tric u lar septal de fect was al most as large
as the aor tic valve and Dopp ler echocardiography re -
vealed right ven tric u lar peak sys tolic pres sure es sen -
tially equal to aor tic sys tolic pres sure. These two phe -
nom ena im pli cated si mul ta neous fill ing of the aorta
and pul mo nary ar tery. As mild pul mo nary ob struc -
tion causes right-to-left shunt, ven tric u lar septal de -
fect by it self causes left-to-right shunt, re sult ing in a
hemodynamically neg li gi ble bidirectional shunt.
Large pat ent ductus arteriosus sup plied with blood
from both ven tri cles through a large over rid ing aorta
pro vides an al ter nate path way for blood to reach the
lungs, cre at ing pul mo nary cap il lary flow that greatly
ex ceeds pul mo nary ar te rial flow. The flow across the
pat ent ductus arteriosus went from the left (aorta) to
the right (pul mo nary ar tery) shunt, with pul mo nary
cir cu la tion re turn ing to the left ven tri cle and sys temic
cir cu la tion re turn ing to the right ven tri cle at di as tole.
Ow ing to these hemodynamic al ter na tions in our
acyanotic case of adult form of tetralogy of Fallot, pul -
mo nary blood flow should prob a bly be twice the sys -
temic flow, with nor mal ar te rial ox y gen sat u ra tion.
Per sis tent ductus arteriosus and the pres ence of com -
pen sa tory arteriovenous com mu ni ca tions pro duced a 
con tin u ous flow load on the left ven tri cle, which re -
sulted in mod er ate left ven tric u lar hy per tro phy, yet
with out the symp toms of pul mo nary con ges tion or
cardiac decompensation. Right ventricular failure
was prevented by the ability to “decompress” into the
left ventricle.

On the ba sis of the clin i cal pre sen ta tion and di -
ag nos tic find ings, the pos si ble mech a nism of syn cope 
in our pa tient could be a shunt wors en ing on phys i cal
ef fort. If we pre sume that sys temic re sis tance de -
creased with phys i cal ef fort of the pa tient, the mag ni -
tude of the flow through the right-to-left shunt might
have in creased, since the right ven tric u lar out flow
tract ob struc tion was fixed. This shunt ing could re sult
in sig nif i cant ar te rial hypoxia, which in turn might
have pre cip i tated a syncopal ep i sode.

Intracardiac re pair of tetra logy of Fallot can be
per formed with a rea son able risk at any age. How -
ever, most au thors’ ex pe ri ences sug gest the op ti mal
age for elec tive sur gery to be be tween 6 and 10 years
(16). No case of sur gi cal pal li a tion or to tal cor rec tion
of adult tetralogy of Fallot with pat ent ductus arte -
riosus has been re ported in the last 40 years and none
with ad di tional quadricuspid aor tic valve. Only two
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Fig ure 5. Pa tient with tetralogy of Fallot and patetent ductus
arteriosus. Transesophageal short axis view of the quadri -
cus pid aor tic valve (AV) in di a stolic closed po si tion, with a
char ac ter is tic “X” con fig u ra tion of the cusps (1-4). LA – left
atrium.



cases of adult tetralogy of Fallot ef fec tively sat u rated
by a pat ent ductus arteriosus as a nat u ral pal lia tive
event have been de scribed, one with dextrocardia,
bronchiectasis, and pul mo nary tu ber cu lo sis at the age 
of 24 and an other at the age of 77 years (17,18). In the
lat ter case, how ever, the di ag no sis was made post-
 mor tem. In the sense of these em pir i cal and clin i cal
as pects, our pa tient was ad vised to un dergo sur gi cal
op er a tion, which would in volve clo sure of ven tric u -
lar septal de fect with a patch and pat ent ductus
arteriosus li ga tion and su ture clo sure as well as pos si -
ble re lief of the right ven tric u lar out flow tract. The op -
er a tive mor tal ity of tetralogy of Fallot is less than 5%
in children and it can be sig nif i cantly higher in adults
(19-21). Our patient has not yet accepted surgical
operation.

In con clu sion, the life his tory and clin i cal man i -
fes ta tions in this pa tient with tetralogy of Fallot and
pat ent ductus arteriosus, who has reached adult hood
with out the ben e fit of sur gi cal pal li a tion or to tal cor -
rec tion, sug gest that life ex pec tancy pri mar ily de -
pends on the de gree of pul mo nary ste no sis, pat ent
ductus arteriosus, and an early de vel op ment of col lat -
eral cir cu la tion to the lungs. These nat u ral aortopul -
mo nary anas to mo ses were ef fi cient in al low ing ad e -
quate pul mo nary blood flow, func tion ing as a sur gi -
cal palliative aortopulmonary shunt.
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