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Types of Doppler sonography

Introduction

All types of Doppler sonography are widely used in medicine for tissue diagnoses (especially vascular) due to it’s
noninvasive nature, accessibility, high accuracy in measurements and practically no biological harmful effects. It's
clinical use is rooted in 1952 when B-mode was discovered and later in 1960 when spectral mode was discovered,
but it originates much earlier, in fact 1842, when Austrian physicist Christian Doppler described the "Doppler
effect" in his publication: Uber das farbige Licht der Doppelsterne und einiger anderer Gestirne des Himmels.
Doppler sonography/physical principle is based on propagating ultrasound through tissues. Today, there are two
main types (systems):

= CW - Continuous Wave system
» PW - Pulsed Wave system

And two modes which combine multiple ultrasonography elements:

= Duplex mode
= Triplex mode

Continuous wave system!!!
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Pulsed Wave system!?!

PW's use one piezoelectric element, which alternately transmits and receives ultrasound. The probe measures the
distance between a probe and a volume sample (an artery) and it is defined by the time between transmitting
impulse and beginning receiving impulse. The time for how long the signal is received, determines the axial size of
a volume sample, which is very useful. All of the modern sonographers use Pulse system. There is a downside to
this system and that is a velocity limit of the blood flow. High velocity leads to aliasing, which is calculating error.
On the other hand, precise localisation of the source of frequency shifts (flowing blood cells) in axial direction is
possible.
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Duplex model3!

First device using this principle was assembled in 1974. This mode incorporates 2D-imaging (also known as B-mode
or brightness mode or Grayscale) and Pulsed wave system. The image consists of both grey and color scale - the
gray scale gives the morphological values and the color scale represents velocity values. This allows observing two
elements simultaneously: morphology of the tissue (width of artery or vein) and velocity of the blood flow in it.

Triplex mode!*!

An alternative of usage of the Color Doppler is Triplex mode, which combines B scan, color, and spectral Doppler
mode.

The outputs of doppler sonography [°!

The outputs of doppler sonography are in principle the images obtained by the doppler devices and its high
frequency. That works on the basis that the high frequency ultrasound waves will reflect from the inside of the
body, wherever the devices is directed at, back to its source, hence, providing an image of blood flow in the
patient. Little or no preparation is needed, unless it is being done on a urgent basis. The results obtained can give
valuable insight of the condition of the patient,not only in terms of blood flow.

Uses in clinical medicine [61[7]

Doppler ultrasound is can be used differently, depending on the physician and what he tries to measure. Most
common users of doppler ultrasonography can be cardiologists, who, as mentioned before, can use it to detect
problems in the valves of the heart. Another branch of medicine which can find it useful is for instance the trauma
centre, which can use it to detect disturbances in the blood flow in order to assess shock or to analyze the amount
of blood loss that the patient has suffered. The test is first initiated by taking a look at the arteries and veins of the
patient. Doppler ultrasonography can be used to diagnose: arteriosclerosis of the arms and legs, which is a
condition in which the patient's arteries clog up and can hardly dilate and hence the patient's extremities can be
depleted of its needed oxygen and nutrients, blood clot, deep vein thrombosis and venous insufficiency, which is a
condition in which the veins can hardly send blood back to the heart which results in cramping and pain standing.
Many more branches of medicine are using Doppler sonography, here are helpful links: Doppler
sonography/medical applications, Fetal doppler sonography and Transcranial Doppler.

There are several types of doppler measurements, outputs.

TIs00 IO Harmonic power doppler

Harmonic power Doppler imaging (HPDI) is a novel technique
for assessing myocardial perfusion by contrast
echocardiography in humans.

Tissue
doppler
imaging
(Upper right
image) (8!

The tissue
doppler, is
using the same
principles as the others but uses lower velocity to detect motions
and signals in the myocardial tissue motion

Colour flow mapping (CFM) (Upper left image)

The results obtained are an array of pictues. The colour vizualization is combined with the standard ultrasound
picture of blood vessels to show the speed and direction of blood through the vessels. In the image, the column bar
serves as a legend which shows the velocity and direction of blood flow. The red colour indicated flow toward the
transducer and blue colour indacated flow away from the transducer. If handled properly, when the transducer is
aimed at an artery, the colour should be red and if it is aimed at a vein, the colour should therefore be blue. Most
vessels have a laminar blood flow, which means that the velocity is higher in the middle of the vein rather than
towards the border.

Spectral Imaging (Lower left image)

Is a form of ultrasound in which the DISTRIBUTION of velocities is displayed on a y-axis and time on a x-axis. Both
pulse wave and continuous doppler wave are represented this way. The horizontal axis represents time while the
vertical axis represents the doppler frequency.
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Power

doppler
(Lower right
image)

Power doppler
is a relatively
new technique
which displays
the strength of
the doppler
signal in
colour rather
than in speed Renal Power Doppler

and direction

information. It

has 3 times the strength of a conventional doppler and is
particularly useful for small, low velocity vessels. It can be
also used for showing potential areas of ischemia in the kidney, brain and prepubertal testis.

Risks

The disadvantages could possibly be that it needs to be handled with skilled hands only in order to obtain an
image, it cannot evaluate the the lungs or bowels. Doppler sonography is generally considered a very safe method
of examination, even during pregnancy, the procedure is harmless. The world health organization described it as:
"Diagnostic ultrasound is recognized as a safe, effective, and highly flexible imaging modality capable of providing
clinically relevant information about most parts of the body in a rapid and cost-effective fashion" The question of
the ethics in this field of medicine raises very few eyebrows. There is little to condemn the practice and since it is
so useful to physicians, we cannot afford to lose this tool. If there are any risks, shortage of epidemiological data
prevents us from finding them and the best possibility is to avoid any foreign influence on the patient's body.

Conclusion

Overall, we can conclude that the doppler sonography tool is more than useful in helping identify the problems the
patient may have. It has grown rapidly in the last decade and will continue to advance as technologies improve,
this includes technologies such as 3 dimensional doppler sonography which has big potential however it's best
medical application is yet to be discovered.
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