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CARDIAC IMAGING

Shunting is the term used to describe the flow of blood in the
heart that doesn't follow the normal flow path and often allows
blood to traverse from one side of the heart to the other,
resulting in a mixture of arterial and venous blood.

Congenital heart diseases are most often diagnosed during
childhood, although some are detected in adulthood. Common
congenital heart defects associated with shunting are Atrial
Septal Defect (ASD, Figure 1)7 Ventricular Septal Defect (VSD,
Figure 1), Patent Ductus Arteriosus (PDA, Figure 2)° and
Partial Arterial Pulmonary Venous Return (PAPVR, Figure 3).
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MRl is a safe and non-invasive method to determine blood
flow within the cardiovascular system using gated phase
contrast pulse sequences.® Phase contrast relies on velocity
induced phase shifts to distinguish flowing blood from
stationary tissue. An RF excitation pulse is applied to the
volume of interest, which incorporates two bipolar gradients.
As blood moves across the applied gradients, phase shifts
are acquired to calculate velocities. By summing the total
velocities within a vessel, MRI can accurately quantify blood
flow in ml/s.

Phase contrast slices are positioned perpendicular to the
ascending aorta (Figure 4) and main pulmonary artery
(Figure 5). Each sequence is scanned and data sets are
analyzed with ReportCARD. Regions of interest (ROls) are
placed around each vessel (Figures 6 and 7). Flow curves and
flow volumes are automatically generated (Figure 8). Flow
measurements from the aorta determine blood volume in the
left side or systemic heart. Flow measurements from main
pulmonary artery (MPA) represent blood volumes in the right
side or pulmonic heart. These values are then compared for
each vessel to determine Qp/Qs ratio.

Sequence

Protocol: Fast 2D
phase contrast

Gating Screen:

Arrhythmia Rejection
Window = 20

TR: Min Full Trigger Delay = min

Flip Angle: 20 Number of Cardiac
Bandwidth: 31 kHz Phases = 30

FOV: 40 cm VPS=4-8

Thickness: 8 mm Vascular Screen:

Gap: 0 mm Collapse = Off

Matrix: 256 x 128 Flow Analysis = On

NEX: 1 Flow Recon = Phase Diff
Pfov: 1 Flow Direction = Slice

VENC = Aorta 250 cm/s,
MPA 150 cm/s

User CVs:CV0=1,CV2=0
Scan Time: ~ 15 s/slice

Imaging Options:
Gating, Sequential, Fast

There are many degrees of shunts associated with congenital
heart defects (CHD). These defects may be asymptomatic or
may produce symptoms that range from mild to severe,
depending on the size, location, and number of shunts present.
Larger shunts may cause the pulmonary vessels to become
congested resulting in more severe symptoms such as
congestive heart failure. In addition, shunting defects are
often present in combination with other defects.® Typically,
blood flows from higher resistance to lower. Shunts are
classified as right-to-left, left-to-right, or bi-directional. Over
time, shunting defects often affect left and right heart
pressures, which may be beneficial or detrimental to the
patient’s condition.?

Cardiac shunts are often initially diagnosed with a combination
of contrast-enhanced angiography, cardiophysiology
techniques, and Doppler echocardiography.* Although very
effective, angiography is invasive and requires follow-up
imaging, exposing patients multiple times to radiation and
iodinated contrast injections. MRI offers assessment of
cardiac morphology, function, and flow without radiation
exposure, which is most important to the pediatric and young
adult population. For adults, the absence of radiation
exposure is important. Because most surgical procedures
performed on adults with CHD are re-operations - modifications
or revisions of procedures that were performed in childhood -
additional operations are often necessary because the original
repair has lost some of its effectiveness as the pediatric

patient grows into adulthood, or because new anomalies
have developed.®
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Location, size, and severity of shunt defects are essential
data points for patient management. Qp/Qs is important
because the possibility of surgery depends partly upon
pulmonic flow results. Location of shunts are typically an
abnormal interrelation at the atrial, ventricular, or aortic
levels. Shunt size depends on the pulmonary vascular
resistance and size of the communication defect. The normal
systemic vascular resistance is always greater than the
pulmonic vascular resistance and the pressures in the left
heart and aorta are always greater than the right heart and
pulmonary artery. Therefore, a non-complicated defect will
have left-to-right shunting and the Qp/Qs > 1.2 Generally, Qp/
Qs < 1.5 is considered a small shunt, Qp/Qs = 1.5t0 2.0 is
considered a moderate shunt, and Qp/Qs > 2.0 is considered
a large shunt.? Asymptomatic patients with a Qp/Qs ratio of <
1.5 are usually managed conservatively, and patients with a
Qp/Qs ratio of > 1.5 are commonly referred for surgical
intervention or correction.!
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Cardiovascular shunts associated with congenital heart
disease are often suspected on echocardiography and
confirmed by cardiac catheterization and oximetry. MR

is emerging as a powerful non-invasive diagnostic tool that
provides a comprehensive evaluation of systemic and
pulmonic blood volumes, cardiovascular morphology and
cardiac function.* Due to the nature of CHD, patients are
repeatedly imaged over their lifetime and so reduction of the
radiation burden on such patients is paramount, particularly
in the pediatric population.

MRl is considered a powerful, non-invasive diagnostic tool for
planning therapeutic management and surgical strategies
for patients with congenital heart disease.* m
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