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A male 29-year-old patient presenting
right ventricular hypoplasia. No therapeu-
tic approach was reported. The patient was
poorly symptomatic, with a normal physi-
cal development, with no limitation to daily
activities. Routine examinations identified

high suspicion of right–left shunt. Trans-
thoracic study by two experienced physi-
cians (more than 20-year experience) had
identified right ventricular hypoplasia and
pulmonary stenosis. However, the diagno-
sis was doubtful in relation to right–left

shunt. The patient was referred to the Unit
of Radiology and Imaging Diagnosis of
Hospital Pró-Cardíaco for investigation of
interatrial septum and shunt.

Figure 1. Cine-MRI (SSFP) with ECG-gat-

ing acquisition (A to F). Four-chamber

scanning.

Figure 2. ECG-gating acquisition (A to C),

short axis view, atrial scanning, (D) right

ventricle output tract, and (E and F) car-

diac flow study by the phase contrast tech-

nique.
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Images description

Figure 1. Cine-MRI (SSFP) with ECG-
gating acquisition (A to F). Four-chamber
scanning. Note the reduced size of the right
cavity and the defect of the interatrial sep-
tum adjacent to the superior vena cava en-
try into the right atrium.

Figure 2. ECG-gating acquisition (A to
C), short axis view, atrial scanning, (D)
right ventricle output tract, and (E and F)
cardiac flow study by the phase contrast
technique. On images A to C, note the ab-
sence of a septum at the upper portion,
measuring 1.5 cm. On D, pulmonary supra-
valvar stenosis is identified, with a visible
anterograde flush. On E and F, flow study
demonstrates that the mean velocity in the
pulmonary trunk 31.5 ml and 63.3 ml in the
aorta, compatible with Qs/Qp = 2.0 and
right–left shunt.

Diagnosis: Right ventricular hypopla-
sia associated with interatrial communica-
tion and pulmonary supravalvar stenosis in
an adult patient.

COMMENTS

The number of patients with congenital
heart disease (CHD) who grow to adult-
hood has gradually increased. Many of
these adult individuals present difficulties
in the clinical and surgical approach. A ret-
rospective study developed in the period
from 1980 to 2000 followed-up 206 adult
patients aged between 18 and 71 years,
with CHD, who were admitted to a tertiary
hospital. The most frequently found con-
genital anomaly was interatrial communi-
cation (53%), followed by ventricular sep-
tal defect (interventricular communication)
(11%) and Fallot’s tetralogy (11%). Many
patients were asymptomatic, and the most
frequent complaints were dyspnea and fa-
tigue. Cyanosis was present in 27 patients
(13%), and 17 of them (63%) underwent
surgical correction. Surgical mortality and
intra-hospital complications were slightly
more significant in adult individuals than
those reported in children with similar car-
diac lesions(1–3).

Transthoracic echocardiography (TTE)
is a study performed on a routine basis to
evaluate heart diseases. However, the limi-
tations of this method are widely known,
one of them is the limited study window.

In a significant number of cases of congeni-
tal disease, especially in the assessment of
adult patients and in the identification of
shunts, TTE does not settle a diagnosis,
with a high number of false-negative re-
sults being observed. The clinical suspicion
plays a significant role in the definition of
the diagnosis and, currently, cardiologists
and clinicians in this area indicate trans-
esophageal echocardiography (TEE) for
the diagnosis(3).

With the technological developments
and the introduction of new radiologic de-
vices, imaging methods such as cardiac
computed tomography (CT) and cardiac
magnetic resonance imaging (MRI) allow
the noninvasive diagnosis of morphologi-
cal and anatomical alterations. In the case
of congenital cardiopathies, magnetic reso-
nance imaging can provide hemodynamic
data with cine-MRI and phase-contrast
(PC) techniques that, if appropriately ap-
plied, can be extremely useful for the diag-
nosis(4,5).

Atrial septal defect and interatrial
communication

Atrial septal defect is the most frequent
congenital cardiopathy, with an incidence
of one per 1,500 live newborns(5). This car-
diopathy is commonly subdivided into five
presentations: 1 – the most frequent one is
known as patent foramen ovale, where the
typical closure by the septum primum does
not occur after birth, in opposition to the
superior limbic band; 2 – the ostium secun-
dum is the second most frequent presenta-
tion and involves the fossa ovalis, usually
related to a defect in the closure of the sep-
tum primum; it may be single or multiple,
in association with several fenestrations; 3
– the third most common presentation is
known as ostium primum and occurs in the
lower third of the inferior interatrial sep-
tum, below the fossa ovalis and above the
malformed leaflets of the atrioventricular
valves, i.e., it may be associated with a cleft
in the anterior leaflet of the mitral valve; 4
– the least frequent one is the venous sinus
type that may be adjacent to the superior
vena cava entry, or inferiorly, adjacent to
the interatrial septum. It is important to note
that the venous sinus type of interatrial
defects generally are found between the
pulmonary vein of the right upper lobe and

the superior vena cava entry; in these cases,
the defect is associated with an anomalous
pulmonary venous return, involving the
pulmonary vein of the right upper lobe and
that may be connected to the superior vena
cava itself or to the azygos vein. However,
these defects may involve any region adja-
cent to the veins of the right middle and
lower lobes; 5 – the coronary sinus type
atrial septal defect is the least frequently
found, and occurs as this portion of the
septum is partially or completely unroofed,
allowing the passage of the flow through
the sinus. In these cases, one must be atten-
tive to the diagnosis of persistent left su-
perior vena cava that apparently is con-
nected to the left atrium (Raghib’s syn-
drome)(2,3,6).

The left–right shunt associated with the
presence of atrial septal defect leads to an
increase in the volume of the right cavities,
with ectasia of the pulmonary trunk and
arteries. Along years, an undiagnosed de-
fect induces to pulmonary arterial hyperten-
sion, with parietal stiffening of the pulmo-
nary arteries in about 5–10% of cases, with
possibility of shunt reversal (right–left) as
a result of the increase in the pressure in the
right cavity (Eisenmenger’s syndrome)(3).

The role of cardiac MRI

Because of its multiplanar capacity and
ability for anatomic, functional and flow
evaluation, the latest, specifically, by the
PC technique, MRI is a noninvasive, clear
and objective method for the diagnosis of
either suspected or unknown CHD in ado-
lescent and adult individuals(5). With the
nationwide availability of the method, it
can be utilized as a substitute for TEE in
some cases.

Cardiac MRI has been used in the plan-
ning of surgical or percutaneous correction
of atrial septal defects. Durongpisitkul et
al.(7) have demonstrated that cardiac MRI
may be useful in the measurement of the
largest diameter of the atrial septal defect
and of its postero-inferior rim, with data
similar to those of cardiac catheterization,
which anatomically indicates the percuta-
neous closure.

Frequently, TTE fails to detect some
atrial septal defects; in these cases, cardiac
MRI plays an alternative and differentiated
role in the characterization of these rare
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atrial shunts, typically represented by le-
sions such as septal defect of venous sinus
type, anomalous pulmonary venous return,
and septal defect of coronary sinus type(5,8).

The pulmonary flow/systemic flow (Qp/
Qs) ratio can be determined by cine-PC, PC
technique, and through the comparison of
the contraction (systolic) volume in the
volume measurements between the right
and left ventricles, and through the correct
measurement of pulmonary artery and aorta
ratios. The Qp/Qs ratio is closely correlated
with the oxymetry performed during the
catheterization(5,8,9).

In practice, as an atrial septal defect is
found, data indicating the necessity of this
defect closure must be informed. Addition-
ally to symptoms, data regarding left–right
shunt are required. The data which corrobo-
rate the necessity of closure are: diameter
> 5 mm, right ventricle dilatation; interven-
tricular septum rectification at diastole
(caused by the hypertension secondary to
hyperflow); Qp/Qs > 1.5–2.0 and associ-
ated cardiac or vascular abnormalities(8).

Based on the above considerations, one
can note that an accurate protocol is re-

quired for evaluation of these patients, with
long-axis, four-chamber and short-axis
scanning of the whole atrial septum, two-
axis PC study perpendicularly to the sep-
tum, besides the study of the pulmonary
artery and aorta, in association with three-
dimensional angio-MRI, T1-weighted se-
quence with gadolinium. Even with these
specific protocols, there is a possibility of
a dubious diagnosis in cases of septum
primum defect, overestimation of the in-
teratrial defect size, false-positive diagno-
sis, and failure in the anatomical quantifi-
cation of multifenestrated defects.

In the present case, the preoperative
evaluation by cardiac MRI demonstrated
right ventricle hypoplasia, venous sinus
type interatrial communication with right-
left shunt, Qs/Qp = 2.0, pulmonary supra-
valvar stenosis and mild dysfunction of the
left ventricle, 45% ejection fraction.

Surgery and postoperative follow-up

In the present case, the patient was pre-
operatively submitted to bleeding until
hematocrit levels reached 50%. The surgi-
cal correction was done under extracorpo-

real circulation, involving atrioseptoplasty
with bovine pericardium patch, pulmonary
stenosis repair and anastomosis of the su-
perior vena cava with the right branch of
the pulmonary artery (Glenn procedure),
with this pulmonary branch banding. The
patient presented a typical peroperative
bleeding and hemoderivative replacement
was not required. The progression in the
immediate postoperative period was satis-
factory, with good arterial saturation and
normal drainage. The patient was extubated
few hours after the surgery.

The patient remained under full antico-
agulation therapy after the drain tubes re-
moval, progressing with mild pericardial
effusion, the full heparin anticoagulation
being suspended. However, the patient
developed pleural-pericardial effusion, re-
quiring surgical drainage, and was treated
with a single daily dose of enoxiparin and
low-dose corticoid (Figure 3A). Ventilation
discomfort with hypoxemia was observed
after the effusions regression. The patient
was submitted to CT-angiography that
identified thrombosis in the right pulmo-
nary artery branch, posteriorly to the anas-

Figure 3. A: Computed tomography angiography demonstrating bilateral pleural effusion, with bibasal compressive atelectasis and pericardial effusion. Note

the intact interatrial septum (asterisk) and the pulmonary artery banding associated with a patent Glenn anastomosis, without stenosis (arrows). B: Eight days

after, imaging study demonstrated regression of the pleural and pericardial effusions, however a large thrombus is observed distally in the right pulmonary

artery. Note the banding and the Glenn anastomosis (arrows).
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Figure 4. ECG-gating acquisitions, cine-MRI (SSFP) (A to E) short-axis atrial scanning, where a surgical patch can be identified closing the interatrial commu-

nication. F: MRI angiography demonstrating the pulmonary artery banding ring (arrow) and the anastomosis (asterisk) of the superior vena cava with the pul-

monary artery at the same side.

tomosis with the superior vena cava that
was patent (Figure 3B).

Intravenous heparin therapy was re-
started, with a strict monitoring of the
thromboplastin time, in association with
antiplatelet aggregation by means of a 100
mg aspirin daily dose, with a good response.
Later, oral coumarin anticoagulation was
introduced, maintaining the association
with acetylsalicylic acid. The follow-up
with angiotomography demonstrated a
complete thrombi resolution and recanali-
zation of the pulmonary arterial tree.

Currently, the patient is under follow-up
on an outpatient basis; is asymptomatic,
with 94% room air arterial saturation, 47%
hematocrit level, using anticoagulation and
antiplatelet aggregation agents and under-
going a program of cardiac rehabilitation.

The postoperative cardiac MRI (Figure
4) allowed the observation of the closure
of the interatrial septum and of the sys-

temic/pulmonary venous Glenn’s shunt,
with a permeable anastomosis and with no
alteration.

Final considerations

Cardiac MRI will be more and more
available for the cardiological practice and
has already become a relevant tool in the
approach of patients with congenital cardi-
opathy, particularly in the evaluation of
shunts that otherwise would hardly be
evaluated by TTE. In many cases, this
method will substitute the TEE in the di-
agnosis of such cardiopathy.
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