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ABSTRACT 
The cardiac congenital malformations with duct dependent pulmonary circulation are cardiopathies with severe 
neonatal manifestations and quickly progressive hemodynamic degradation. The obvious semeiology at the 
birth requires an appropriate diagnostic and an early therapeutic management through the maintenance of the 
arterial channel permeability.
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GENERAL PAPERS

The cardiac congenital malformations with duct 
dependent pulmonary circulation are affections 
characterized by the obstruction of the ejection 
tract of the right ventricle, at the level of which the 
left-right shunt is needed, in order to ensure the 
pulmonary circulation.

The cardiac malformations with duct dependent 
pulmonary circulation are:

• Pulmonary artery stenosis 
• Pulmonary atresia with interrupted interven-

tricular septum
• Fallot tetralogy – severe form 
• Tricuspid valve atresia
• Ebstein’s anomaly – severe form 
• D-Transposition of the great arteries.

PULMONARY ARTERY STENOSIS 

Within this malformation, one shall perform the 
severe obstruction of the right ventricle ejection 
tract. According to the localization, it can be valvu-
lar, subvalvular (infundibular) or supravalvular.

The critical pulmonary stenosis is associated to 
right ventricle hypertrophy or hypoplasia. The 

presence of a small communication at atrium level 
is needed so as to ensure a right-left shunt through 
the foramen ovale. The right-left shunt at atrium 
level and the arterial hypoxemia depend on the se-
riousness of the pulmonary stenosis and on the 
right ventricle hypoplasia (1).

When the stenosis is severe, the right-left shunt 
at atrium level can be massive, and the adequate 
fl ow at lung level is in accordance with the left-
right shunt through the arterial channel. If the pul-
monary stenosis is moderate, the blood fl ow at lung 
level is infl uenced to a small extent by the arterial 
channel closure (2).

In newborns with critical pulmonary stenosis, 
immediately after the birth appear tachypnea, cia-
nosis and feeding diffi culties. In case of the patients 
with severe pulmonary stenosis, we can notice the 
crowning of the precordial region; upon palpation, 
we can detect a ventricular impulse on the left mar-
gin of the stern and a systolic murmur in the left 
intercostals space II. The sound II is divided into 
two, the pulmonary component being delayed and 
diminished. In the severe forms, the sound II is 
weakly audible, the aortic component being cov-
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ered by the continuous murmur. At the level of the 
left intercostal space II-IV, we can identify an in-
tense, rough, crescendo-decrescendo systolic mur-
mur. 

In the severe pulmonary stenosis, the EKG 
shows a right axial deviation and right ventricular 
hypertrophy. The two-dimension echocardiograph 
in the short axle section highlights the dome open-
ing of the pulmonary valves, but also the measure-
ment of the pulmonary valve ring. The color Dop-
pler model helps at assessing the turbulent fl ow at 
the level of the pulmonary trunk.

PULMONARY ATRESIA WITH INTACT 
INTERVENTRICULAR SEPTUM

The ejection tract obstruction of the right ven-
tricle is caused by the pulmonary valve atresia; 
thus, there is no communication between the pul-
monary artery trunk and the right ventricle. The 
right-left shunt at atrium level depends on the left-
right shunt at the arterial channel level. Therefore, 
the pulmonary arterial perfusion is produced 
through the arterial channel, the bronchial collater-
als and permeable foramen ovale. Once with the 
gradual closure of the arterial channel, the pulmo-
nary fl ow decreases even more and severe hypoxia 
and acidosis appear, which accentuate on a pro-
gressive basis (3,4,5). 

The anoxic crises, dyspnea with effort aggra-
vated polypnea (nurse, cry) and right heart failure 
appear on a frequent basis.

The semeiology is obvious early in the 72 hours 
of life, the cianosis, initially moderate and then ac-
centuated, becoming extreme as the arterial chan-
nel closes (4).

The clinical examination shows the systolic 
murmur, and upon the abdomen palpation, hepato-
megaly. The cardiac auscultation shows that sound 
II is abolished. The following murmurs can appear: 
the aspiration murmur of the tricuspid valve failure 
and the systolodiastolic murmur of permeable arte-
rial channel (3).

The electrocardiograph highlights the right elec-
tric axle (+30˚ up to +90˚), right atrium hypertro-
phy and left ventricular hypertrophy (in case of 
marked hypoplasia of the right ventricle). 

The two-dimensional echocardiograph is the 
election examination in the diagnostic of pulmo-
nary atresia with intact interventricular septum. It 
highlights the atresia pulmonary valve, the tricus-
pid valve morphology, the right ventricle dimen-
sion and morphology. Moreover, color and continu-
ous Doppler echocardiograph allow the tricuspid 

regurgitation, left ventricle pressure and arterial 
channel persistence assessment (16).

FALLOT TETRALOGY–SEVERE FORM

This form of disease belongs to the group of car-
diac malformations with critical obstruction of the 
pulmonary circulation; the pulmonary blood fl ow is 
ensured by the opened arterial channel and/or by 
the aorto-pulmonary collaterals.

The clinical table is similar to the common form 
of Fallot tetralogy, but the cianosis appears in an 
early stage, there are frequent hypoxic bad condi-
tions (the pulse oximetric values are equal in all 
limbs, with values of 70-80%, in atmospheric oxy-
gen). Sound II can be accentuated. The ejection 
systolic murmur is replaced by a left subclavicular 
continuous murmur determined by the presence of 
the permeable arterial channel (6,7).

The electrocardiography highlights the electric 
axle deviated to the right, right ventricular or bi-
ventricular hypertrophy in case of heart failure.

The echocardiography highlights in the para-
sternal section of the long axle the visualization of 
the interventricular septum discontinuity, the deter-
mination of the extent to which the aorta is press-
ing-on the interventricular septum. If the aortic ring 
overlaps less than 50% of the left ventricle, we can 
establish the diagnostic of Fallot tetralogy, if it 
overlaps more than 50%, the diagnostic is that of 
double outlet right ventricle. In the transversal sec-
tions, we can assess the discharge tract of the right 
ventricle and determine obstruction localization 
(subvalvular, valvular obstruction).

FIGURE 1. Patient C.S, 15 years old
Echocardiograph – Fallot tetralogy

TRICUSPID VALVE ATRESIA 

Represents a complex cyanogen congenital mal-
formation characterized by the congenital absence 
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(agenesis) of the tricuspid valve, so that the com-
munication between the right atrium and ventricle 
is not possible.

The survival is possible only when there is a 
right-left shunt at atrium level which allows the 
vein blood from the vena cava to mix in the left 
atrium with the arterial blood came from the pul-
monary veins; the pulmonary fl ow is reduced.

Moreover, the survival is possible when there is 
a left-right shunt which allows blood return in the 
pulmonary circulation through VSD or ACP.

After the vein blood is mixed with the arterial 
pulmonary one (came through the pulmonary 
veins) in the left atrium, it passes into the left ven-
tricle. From the left ventricle, the blood gets par-
tially in the aorta (and from here, by means of the 
permeable arterial channel, in the pulmonary ar-
tery), and partially, through the interventricular 
septum defi ciency, in the right ventricle.

In the course of time, the pulmonary vessels re-
sistance increases, appears the left ventricle volume 
overloading and the pulmonary high blood pres-
sure, then the congestive heart failure (8).

From a clinical point of view, when the pulmo-
nary fl ow is very low, there are hypoxic bad condi-
tions and polyglobulia (1). When the pulmonary 
fl ow is high, appear constant dyspnea, recurrent 
respiratory infections and heart failure signs.

Upon the auscultation, we can notice a very 
strong sound II in the pulmonary focus (in the situ-
ation of the association to the arterial channel per-
sistence); systolic murmur on the left margin of the 
stern (in association with the VSD) or left subcla-
vicular continuous murmur (in the arterial channel 
persistence) (9).

The cardio-pulmonary radiograph highlights an 
increased cardiothoracic index in case of right or 
left ventricle dilatation, the pulmonary circulation 
appearance varying according to the pulmonary 
fl ow. The electrocardiogram shows right atrium hy-

pertrophy (wave amplitude P > 2.5 mm in DII is 
present in 75% of the patients), left ventricular hy-
pertrophy with QRS axle deviation to the left. 

The transthoracic echocardiograph establishes 
the diagnostic, identifying the absence of the right 
atrioventricular connection, atresia type, the local-
ization and dimension of the interatrial and inter-
ventricular communication.

EBSTEIN’S DISEASE – SEVERE FORM

Congenital heart malformation characterized by 
diverse anomalies of the tricuspid valve (low im-
plantation of the septum and posterior laminas), 
with right atrium volume increase and right ventri-
cle volume decrease (most of it being atrialized).

The right-left shunt at atrium level is the one re-
fl ecting the hypoxemia degree. The increased vas-
cular resistances lead to the right ventricle post-
charge increase, as the right-left shunt becomes 
massive and implicitly the hypoxemia becomes 
severe (there are frequent hypoxic crises), with dif-
ferent degrees of cianosis, dyspnea and tachycardia 
(10).

When the communication through the arterial 
channel closes, the hypoxemia is accentuated, de-
termining respiratory acidosis and death. In the ab-
sence of interatrial communications appears the 
right heart failure with hepatomegaly.

From a clinical point of view, in the severe 
forms, cianosis appears early in the fi rst days of 
life; sound II is split into two, 3 or 4-step rhythm; 
pansystolic tricuspid regurgitation murmur, systol-
ic murmur, stasis hepatomegaly (11).

On the electrocardiogram there are signs of right 
atrium supra solicitation: high acute P waves, su-
praventricular rhythm troubles, delta wave pres-
ence indicates the existence of the WPW syndrome 
(Fig. 2) (12). 

FIGURE 2. Patient S.A.G, 11 
days: the electrocardiogram 
in Ebstein’s disease: delta 
wave present in DI, DII, V3, 
V4, V5 (WPW syndrome).
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The transthoracic echocardiograph – apical 4 
rooms is the election section in Ebstein’s anomaly 
diagnostic. We assess the atrialization degree of the 
right ventricle, the displacement and distortion of 
the tricuspid laminas, but also the closeness degree 
of the anterior laminas of the tricuspid valve at the 
right ventricle. By means of color Doppler one can 
determine the presence and size of the interatrial 
shunt (Fig. 3). 

Hemodynamics
The two circulations, systemic and pulmonary 

are not serial, but parallel, namely the systemic ve-
nous blood reaches in the right atrium, then in the 
right ventricle and then in the aorta, and the oxy-
genated blood from the lungs reaches in the left 
atrium, then in the left ventricle, then he passes in 
the pulmonary artery.

The child can survive if there are shunts between 
the two circulations through the arterial channel 
and the foramen ovale. After the birth, the pulmo-
nary resistances decrease and, through the arterial 
channel, the arterial desaturated blood passes from 
the aorta in the pulmonary artery. Therefore, ap-
pears a severe hypoxia with oxygen saturations of 
30-60% and a pulmonary pressure of 15-40 mm 
Hg. Only through the existence of a permeable fo-
ramen ovale, the oxygenated blood from the pul-
monary veins reaches in the left atrium and then in 
the right atrium and then in the systemic circulation 
(bidirectional shunt), preventing therefore cianosis 
occurrence, but leading to the early installation of 
the congestive heart failure (13,14).

Other associated defects needed for the survival 
are the interatrial and interventricular septum de-
fects.

Clinically
Initially, there are signs of early pulmonary atri-

um high blood pressure and cianosis (rebel to oxy-
gen administering), whose intensity depends on the 
communications between the two parts of the heart.

When ACP is large and VSD is associated too, 
the clinical picture is that of congestive heart fail-
ure (stable dyspnea, tachypnea, transpirations, 
grunt, rough cry).

According to the associated heart malformation, 
the systolic murmur can be intense (interventricular 
septum deffi ciency) or systolo-diastolic (arterial 
channel persistence). The ventricular dilatation is 
associated to the protodiastolic gallop (sound III), 
and the atrium dilatation with presystolic gallop 
(15).

Paraclinically
The electrocardiogram shows axle deviation to 

the right, right ventricular hypertrophy (ample R in 
V1 and deep S in V6). The cardio-pulmonary radio-
graph shows a narrowed mediastinum, cardiac sil-
houette with classical ovoid shape of “egg on a 
string” and accentuated pulmonary pattern.

The transthoracic echocardiograph in the para-
sternal section of the short axle at the level of the 

FIGURE 3. Patient S.A.G, 11 days: echocardiography 
apical 4 rooms – Ebstein’s anomaly – severe form 

D-TRANSPOSITION OF THE GREAT 
ARTERIES

Is defi ned by the ventricle-atrium discordance, 
within the meaning that the aorta emerges from the 
morphological right ventricle and the pulmonary 
artery emerges from the morphological left ventri-
cle.

Two elements are particular:
• The aorta is located in anterior position as 

compared to the pulmonary artery
• There is an atrioventricular concordance.
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great arteries highlights the great arteries with par-
allel disposal, the aorta located in anterior position 
and to the right as compared to the pulmonary ar-
tery. The Doppler ultrasound assesses the pulmo-
nary transvalvular gradient.

THE PHARMACOLOGICAL TREATMENT OF 
THE CARDIAC CONGENITAL 

MALFORMATIONS WITH DUCT DEPENDENT 
PULMONARY CIRCULATION

Recommendations
Careful oxygen administering, so as to avoid the 

arterial channel closure, maintaining the satura-
tions in the right hand of more than 75%, in order 
to decrease the pulmonary vascular resistance.

The maintenance of arterial channel permeabil-
ity through the administering of Prostaglandin 
E1: 0.15-0.20 μg/kgc/min with the supplementa-
tion 0.20 μg/kgc/min every 15 minutes until the 
effect is obtained (the half-time is of 30 seconds, so 
the continuous administering of the perfusion is in-
dicated); the careful monitoring of the neuro-psy-
chic status, of the heart rate, of the blood pressure, 
of the respiratory status, the EKG tract during the 
perfusion is very important, because of side effects 
occurrence: convulsions, bradipnea, low blood 
pressure, tachycardia, II-nd degree atrioventricular 
block, supraventricular tachycardia, ventricular fi -
brillation, cardio respiratory arrest (17).

When the pulmonary circulation is overstrained 
(the pressure is normal or high), we recommend an-
giotensin converting enzyme inhibitors – Capto-
pril 1 mg/kgc (18,19).

If the blood pressure is low, we recommend 
phosphodiesterase inhibitors – Sildenafi l 0.5-2 mg/
kgc/dose.

Diuretics are associated – Spironolactone 1 
mg/kgc in 1-3 uptakes; in the severe forms of con-
gestive heart failure Furosemide 1 mg/kgc/dose is 
associated, up to a diuresis higher than 3 ml/kcg/
hour, dose which shall be repeated every 6-12 
hours; in the absence of the effect, the dose shall be 
repeated in 2 hours.

Shall be administered up to the normal volume-
expander (physiological serum 0.9% or lactate 
Ringer) – 10 ml/kgc intravenous.

The severe metabolic acidosis shall be treated 
with sodium hydrogen carbonate 4.2% (in a quan-
tity of 2 mEq/kgc/doză) intravenous, very slowly, 
at adequate ventilation.

The administering of prostaglandin E1 for the 
maintenance of the opening of the arterial channel. 
The initial dose is of 0.05-0.1 mcg/lgc/min.

CONCLUSIONS

The critical semeiology present at birth and the 
progressive deterioration impose an early diagnos-
tic in order to prevent complications. The echocar-
diograph is an important paraclinical examination 
in the diagnostic of the cardiac congenital malfor-
mations with dependent pulmonary circulation, be-
ing compulsory for the child hospitalization and the 
cardiac deterioration monitoring. Therefore, a care-
ful clinical examination, diagnostic confi rmation 
through paraclinical methods as accurate as possi-
ble, the maintenance of the arterial channel perme-
ability and the referral to a specialized center for 
the surgical intervention are essential in managing 
these cases.
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