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Figure 270e-2

Three-dimensional (3D) probe and 3D image.

of the flow of the red blood cells. The velocity of blood flow between
two chambers will be directly related to the pressure gradient between
those chambers. A modified form of the Bernoulli equation,
p = 4v2
where p = the pressure gradient and v = the velocity of blood flow in
meters per second, can be used to calculate this pressure gradient in the
majority of clinical circumstances. This principle can be used to determine the pressure gradient between chambers and across valves and has
become central to the quantitative assessment of valvular heart disease.
There are three types of Doppler ultrasound that are typically used
in standard echocardiographic examinations: spectral Doppler, which
consists of both pulsed wave Doppler and continuous wave Doppler,
and color flow Doppler. Both types of spectral Doppler will display a
waveform representing the velocity of blood flow, with time on the
horizontal axis and velocity on the vertical axis. Pulsed wave Doppler
is used to interrogate relatively low velocity flow and has the ability
to determine blood flow velocity at a particular location within the
heart. Continuous wave Doppler is used to assess high-velocity flow
but can only identify the highest velocity in a particular direction and
cannot interrogate the velocity at a specific depth location. Both of
these techniques can only accurately assess velocities that are in the
direction of the ultrasound scan lines, and velocities that are at an
angle to the direction of the ultrasound beam will be underestimated.
Color flow Doppler is a form of pulsed wave Doppler in which the
velocity of blood flow is color encoded according to a scale and superimposed on a two-dimensional grayscale image in real time, giving the
appearance of real-time flow within the heart. The Doppler principle
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can also be used to assess the velocity of myocardial motion, which is
a sensitive way to assess myocardial function (Fig. 270e-3). A standard full transthoracic echocardiographic examination consists of a
series of two-dimensional views made up of different imaging planes
from various scanning locations and spectral and color flow Doppler
assessment.
Transesophageal echocardiography is a form of echocardiography
in which the transducer is located on the tip of an endoscope that
can be inserted into the esophagus. This procedure allows closer,
less obstructed views of cardiac structures, without having to penetrate through chest wall, muscle, and ribs. Because less penetration
is needed, a higher frequency probe can be used, and image quality
and spatial resolution are generally higher than with standard transthoracic imaging, particularly for structures that are more posterior.
Transesophageal echocardiography has become the test of choice for
assessment of small lesions in the heart such as valvular vegetations,
especially in the setting of a prosthetic valve disease, and intracardiac
thrombi, including assessment of the left atrial appendage, which is
difficult to visualize with standard transthoracic imaging, and for
assessment of congenital abnormalities. Transesophageal echocardiography requires both topical and systemic anesthesia, generally conscious sedation, and carries additional risks such as potential damage
to the esophagus, including the rare possibility of perforation, aspiration, and anesthesia-related complications. Patients generally need to
give consent for transesophageal echocardiography and be monitored
during and subsequent to the procedure. Transesophageal echocardiography can be carried out in intubated patients and is routinely
used for intraoperative monitoring during cardiac surgery.
Stress echocardiography is routinely used to assess cardiac function
during exercise and can be used to identify myocardial ischemia or to
assess valvular function under exercise conditions. Stress echocardiography is typically performed in conjunction with treadmill or bicycle
exercise testing, but can also be performed using pharmacologic stress
most typically with an intravenous infusion of dobutamine (see section
on stress imaging below).
Whereas typical echocardiographic equipment is large, bulky, and
expensive, small hand-held ultrasound equipment developed over the
last decade now offers diagnostic quality imaging in a package small
enough to be carried on rounds (Fig. 270e-4). These relatively inexpensive point-of-care devices currently lack full diagnostic capabilities
but represent an excellent screening tool if used by an experienced
operator. As these units become even smaller and less expensive,
they are being increasingly used not just by cardiologists, but also by
emergency medicine physicians, intensivists, anesthesiologists, and
internists.
RADIONUCLIDE IMAGING
Radionuclide imaging techniques are commonly used for the evaluation
of patients with known or suspected coronary artery disease (CAD),
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Figure 270e-3 Three types of Doppler ultrasound. A and B. Pulsed and continuous wave Doppler waveforms with time on horizontal axis
and velocity of blood flow on vertical axis. C. Color flow Doppler, where velocities are encoded by colors according to scale on right side of
screen and superimposed on a two-dimensional grayscale image.

