Doppler echocardiography

Doppler examination of the mitral valve The essence of Doppler
echocardiography (DE) is the Doppler effect described by Christian Doppler, then
a professor of Prague technology, in 1842.

In medicine, we use two modes of Doppler signal transmission. Either the
ultrasound is continuously transmitted and received - continuous DE, or it does
so at short time intervals - pulsed DE.

Continuous Doppler echocardiography

Doppler examination of the mitral
valve

The ability to accurately capture higher blood flow rates in the heart.

Indications: evaluation of pressure gradients at sites of narrowing (mitral / aortic stenosis, obstructive
cardiomyopathy, etc.) or short circuits (VSV).

In continuous DE, the signal is continuously transmitted and received by one piezoelectric crystal stored in the
probe, while in pulsed DE, both transmission and reception are performed by one crystal, but at time intervals
given by the distances of the adjustable receiving area from the transducer surface.

Pulsed Doppler echocardiography

To sense the character + direction of blood flow at any chosen location in the heart.

Indications: assessment of the nature of diastolic filling of the ventricles (indirect evaluation of the diastolic function
of the ventricles), evidence of valve regurgitation, pathological short circuits in congenital heart defects (VSV).

Pulsed DE uses periodic transmission of short volleys (1-2 microseconds) of ultrasonic oscillations with a
frequency of 1-10 MHz. The transmission rhythm, called the repetition rate, is limited from above by the time
required for the waves to reach the reflectors and return to the inverter. The area in which the actual measurement
takes place is called the sampling volume. It usually has the shape of a drop, the length of which is variable and
at the same time we can move it in the axis of the ultrasound beam to the required depth. The sample volume
range and width may vary slightly in different types of ultrasound devices.

Color Doppler echocardiography

Assigns a certain color to a certain direction and speed of blood flow (red - blood towards the transducer, blue -
from it). The relative flow rate is expressed by the shades of the respective color. The change of laminar flow into
turbulent (stenosis, regurgitation) leads to the formation of a color mosaic with the possibility of quantification by
regurgitation.

Indications: quantification of regurgitations (valve defects), identification + quantification of pathological short
circuits (atrial or ventricular septal defect, myocardial rupture, fistula).

Around the mid-1980s, a qualitatively new Doppler method was developed - color-coded real-time mapping
commonly referred to as color Doppler. The method uses the well-known principle of moving target indicator and
autocorrelation of the transmitted and received phase of the ultrasonic wave. Under these circumstances, this is
not a complete spectral analysis, but the mean velocity of the reflectors, especially erythrocytes, is recorded. The
transmission of the ultrasonic waves takes place in a pulsed mode, in which the sampling of the velocity takes
place in several areas of the beam, which is at the same time rapidly electronically deflected in the selected
angular section. The obtained information is processed by a computer and, after conversion into a color code,
superimposed on a two-dimensional echocardiogram of the amplitudes of the reflected echoes. The image is
created in real time and records the time course of the flow and its changes in a given angular section. The number
of sample volumes and lines varies according to the need and nature of the examination. Also, the display
frequency (frames per second) varies depending on the number of lines in the sector.

The main advantage of color flow mapping is the spatial orientation of the velocity and direction of the prevailing
flow over conventional DE. At the same time, the relationship between anatomical structures and flow direction
stands out better; both information intersect and complement each other in the current two-dimensional
echocardiographic and Doppler image.

Color imaging can also be superimposed on one-dimensional M-mode imaging.

A major limitation of the method is the ambiguity, which when the Nyquist limit is exceeded (which is lower than at
continuous DE) leads to a change to red or vice versa. Therefore, the examiner's experience plays a very important
role in the color Doppler examination. Of course, as with conventional Doppler systems, color mapping also
depends on the correct settings of the instrument's controls. The sensitivity of the individual systems used so far
also differs to some extent.
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After reaching an international uniform agreement, the red color expresses the movement of blood towards the
inverter and the blue color expresses the movement from it. The relative flow velocity (this is the "medium"
velocity) is coded in shades of the respective color (from dark to lightest) and the variance of velocity, ie the
expression of turbulent flow, is created by the admixture of green and yellow to the basic (red and blue). The result
is @ mosaic of all these colors.

There are some general rules for investigating color mapping of blood flow

= The narrower the color sector and the smaller the depth of the measurement, the more accurate and realistic
the color display itself.

= The red color always indicates the flow towards the inverter, the blue from it.

= The lighter the color shade, the higher the flow rate of the reflectors.

= The mosaic of colors with a mixture of green and yellow indicates a greater variance of velocities, ie
turbulence.

We consider information about to be the main benefit of color flow mapping

direction and relative flow rate;

uniformity or disruption of flow;

the number and direction of the flow nozzles;
timing of blood flows (along with M-mode imaging).

Doppler echocardiography methodology

Examination technique: Unlike conventional echocardiography, Doppler examination uses a slightly different
scanning technique.

The following factors play a major role:

= tangential focusing of blood flow with the smallest possible incidence angle;

= the correct size and location of the sampling volume in the direction of the blood flow that we want to
evaluate;

= optimal adjustment of the signal gain so that it is not amplified excessively and thus the signal-to-noise ratio
deteriorates;

= selecting the Doppler converter with the most suitable transmission frequency; Roughly speaking, higher
frequencies (5-7 MHz) are suitable for examining children and newborns, and lower frequencies (1-3 MHz) for
adults. The higher the frequency, the greater the attenuation of the ultrasound energy as it passes through
the tissues;

= selection of an appropriate examination window.

Perspectives of Doppler echocardiography

Zdravé srdee Stendza plicnice

Color Doppler echocardiography

The method still has technical shortcomings in the current design. The
ambiguity in the representation is generally considered to be one of the
most serious. In the long run, the elimination of this disruptive, albeit
experienced, shortcoming is expected.

Stress Doppler echocardiography

The technique is based on the principle of measuring changes in flow rate
and quality during isotonic or isometric loading, or during interventional
drug tests (dipyridamole). It is possible to evaluate both systolic and
diastolic indicators of left and right ventricular function.

Pulmonary stenosis (left: healthy heart;
right: pulmonary stenosis)

Perioperative Doppler echocardiography

It has a practical application. During cardiac surgery, perioperative determination of transprosthetic pressure
gradients, detection of imperfectly removed or even newly formed regurgitations and assessment of ventricular
function before disconnection from the extracorporeal circulation is possible. Technically, the examination of the

exposed heart proves to be the easiest, because with the transesophageal approach it is often not possible to
reach the optimal incidence angle during Doppler measurements.

Links

Related articles

= Echocardiography ¢ Stress examination of the cardiovascular system ¢ Determination of cardiac output
= Doppler ultrasonography ¢ Doppler imaging * Doppler effect
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