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Sound and Wave Theory:

· Frequency=number of cycles per second (Hz=1/s)

· Wavelength=length of one complete cycle (measurable distance)

· Velocity of sound is constant for a given medium (330 meters/s in air; 1500 meters/s in water)

· Velocity=Frequency X Wavelength

· Sound waves are a series of repeating mechanical pressure waves that propagate through a medium

· Sound travels through tissues, causing molecules to vibrate

· Human hearing:  20 Hz to 20,000 Hz

· Ultrasound: >20,000 Hz

· Diagnostic ultrasound: 1 MHz to >20 MHz

· Most EM Ultrasound: 2.5-10 MHz

Sound and Wave Theory in Emergency Ultrasound:

· V = frequency (f) X wavelength (λ)

· So if V is constant, then…..if frequency increases, wavelength must decrease…..which means that with increased frequency, the distance the sound waves travel decreases (i.e. less penetration into tissue)

· Piezoelectric (“Pressure-Electricity”) effect: Transmission and Detection 
· There is crystalline material in the probe

· Electrical current-->High frequency vibration-->Vibrations transmitted to adjacent tissues as ultrasound waves

· This pulse travels at a relatively constant speed until it encounters a reflective surface, at which time a portion of the sound is reflected back toward the source

· Sound waves in the tissues bounce back (echo) toward the probe>>Waves cause the crystals to vibrate>>Vibration generates an electrical current>>The current is then presented as the grayscale you see on the ultrasound screen
What You See:

· Images formed by properties of the returning echoes: Depth and Direction
· Depth: distance from the probe; calculated by the time elapsed between signal pulse and the received echo

· Direction: the crystals precisely differentiate the direction of the returning echoes

· The ultrasound crystals are arranged in an array, creating a plane of ultrasound waves; it is similar to a hand-held CT scanner

· The sound wave is calculated to be traveling through human tissue at body temperature (approx. 1540 m/sec) and the system measures the round-trip time and intensity of the returning “echo”

· The returning intensity determines (is proportional to) the grayscale assignment of the pixel (dot) of information on the screen

· The surface area of a transducer in contact with the patient is referred to as the “footprint” of the probe (small probes=small footprint; e.g. cardiac probe)

· In general, organized molecules=better image

· So, the liver is great to scan…….

· Also, it is referred to as an “acoustic window”

· In other words, the liver helps to improve visualization of other structures

· We use the liver to see the IVC, the cardiac subxiphoid view, the gallbladder, etc.

· Fluid densities are ideal for imaging (great “through transmission”)

· Gas prohibits scanning due to the randomly distributed molecules in gas (air); signals reflected in different directions

· Air is bad, disrupts propagation of sound waves
· B-mode Ultrasound:

· The gray-scale ultrasound you see on the screen

· Strong echoes represented by white dots

· Absence of echoes represented by black dots

· Everything else is somewhere in-between

· Hyperechoic=bright (white) objects

· Anechoic=dark (black) objects

· Everything else is somewhere in-between=Isoechoic (same echogenicity), hypoechoic (less echoic), etc.

The Probes:

· The arrangement varies between the different types of ultrasound probes/transducers

· Curved array probe: crystals arranged such that the sound waves are fanned out, maximizing the scanning area; resolution is lost with increasing depth

· Linear array probe: rays are parallel, accounting for maintained resolution with increasing depth; scanning area is limited to the size of the probe (probe of choice for vascular access, venous Doppler studies)

Image Orientation:

· Longitudinal=cephalad-caudad (or sagittal) view

· Transverse=cross-sectional view similar to CT

· Oblique=views to keep organs in own axis (still considered a “longitudinal view” when in the long axis, “transverse view” in the cross-sectional axis)

What determines the quality and quantity of an echo?....

Important definitions:

· Impedance

· The resistance to the propagation of sound, resulting in reflection of sound waves (echoes)

· The amount of reflection is proportional to the difference in the acoustic impedance between the two media

· Low impedance: liquid

· Moderate impedance: liver

· High impedance: bone, stones

· The higher the impedance, the greater the reflected signal; this produces a brighter image on the monitor

· If no reflection occurs, the monitor shows BLACK (echo-free)

· In summary: Reflections occur at points where there are changes in the conducting medium’s acoustic impedance

· Attenuation

· The loss of signal energy as it passes through tissue

· Higher impedance=more attenuation

· Affected by tissue impedance and scanning technique (“scatter”)

· Attenuation of ultrasound waves occurs by:

· Reflection=as noted, the amount of reflection is proportional to the difference in the acoustic impedance between the two media; bones, stones reflect the most

· Refraction=redirection of part of the sound wave as it obliquely crosses a boundary of mediums possessing different propagation speeds; especially next to a fluid-filled structure

· Scatter=sound waves reflected away from the transducer (due to gas, skin density, scanning angle, etc.); when the ultrasound beam encounters an interface that is smaller than the sound beam or irregular in shape

· Absorption=energy is contained within the tissue (acoustic energy is converted to thermal energy), and dissipates as heat within the tissue

· Managing attenuation

· Returning echoes, by nature, are weaker than ultrasound pulses

· Need to amplify the signal=GAIN

· The GAIN control amplifies the returning echoes from ALL parts of the screen

· However, echoes from deeper structures are progressively weaker (attenuated)

· Distant structures appear artifactually less echogenic

· Need a way to adjust gain for deeper echoes: Time Gain Compensation

· Angle of insonation (angle of incidence)

· The angle between the incident ultrasound beam and an imaginary line that is perpendicular to the boundary of the object of interest; important for defining the boundaries of a vessel for a vascular study

· Translated: need to scan perpendicular to object of interest to maximize returning echoes, improve image quality

· Resolution

· The ability of the sound waves to discriminate between two different objects and to generate a separate image for each

· Basically, the “quality” of the image being produced

· Axial resolution=parallel to the ultrasound beam (resolving shallower and deeper object)

· The size of the wavelength (shorter, more resolution) is the major determinant of axial resolution; so higher frequency means better axial resolution, but more attenuation and decreased tissue penetration

· Axial resolution is a function of Depth:Time elapsed

· Lateral resolution=perpendicular to the ultrasound beam (resolving objects next to one another)

· The width of the ultrasound beam (array of crystals, distance between individual crystal rays) is the major determinant of lateral resolution, though frequency also plays a role

· The “focus” allows for enhanced resolution at particular depths of the scanning area, improving the lateral resolution

· Lateral resolution is a function of the direction of the returning echoes

· MAIN POINT: maximize your resolution

Ultrasound Artifacts:

· Acoustic shadowing

· Anechoic signal caused by failure of the ultrasound beam to pass through an object (due high attenuation due to reflection, absorption, etc.)

· Anechoic area distal to the reflective or attenuating surface

· Examples are shadowing from gallstones, rib shadows, or shadowing deep to the vertebral body

· Gain artifact

· When there is excessive amplification of the returning echo

· “Black is Black” in ultrasound

· Too much gain may obscure anechoic structures (fluid collections, vessels, etc.)

· Posterior acoustic enhancement

· Certain media allow efficient propagation of ultrasound waves (pleural effusions, abscesses, abdominal free fluid, large vessels, etc.)

· This increased “through transmission” (uniform transmission) causes tissue behind the media to appear more echogenic than the other surrounding tissue

· The back wall of a cystic structure (gallbladder) will appear thicker and brighter than anteriorly: “Posterior” wall enhancement
· Reverberation artifact

· When sound “bounces” between two highly reflective objects that are perpendicular to the direction of the ultrasound beam

· The object is then imaged more than once from these repeated reflections

· Think pinball machine

· Recurrent bright arcs (numerous horizontal lines) are displayed at equidistant intervals from the transducer (based on the time elapsed from signal transmission)

· Commonly occurs at the anterior aspect of the distended urinary bladder or near the layers of the abdominal wall

· Ring-down artifact

· Image artifact created when an object vibrates at a characteristic resonance frequency

· Resembles a comet tail artifact

· Helpful in locating a needle when doing ultrasound-guided venous access procedures

· Mirror artifact

· Objects appear on both sides of a strong specular reflector (e.g. the diaphragm)

· Again, think pinball machine

· Mirror image artifact is created when sound reflects off of a strong reflector and is redirected toward a second structure

· The ultrasound wave does not travel directly back to the transducer (instead may bounce between the two reflective surfaces), and the time from signal transmission to signal reception (at the transducer) is increased

· Thus, the grayscale image is displayed as artifactually deeper on the screen

· A good example is the diaphragm (strong specular reflector), and the mirror artifact of the liver on the pleural side of the diaphragm

· Lateral cystic shadowing (edge artifact)

· Sound waves encountering a rounded or curved structure
· Results in sound waves refracted away from the original line of propagation, generating a shadow
· Occurs with the sides of cystic structures
· Side lobe artifact

· Secondary intensity lobes displaced from the main ultrasound beam that are created by interference
· Ultrasound beams may originate at angles to the primary beam; highly reflective interfaces return echoes via this pathway or side lobes and may introduce an oblique line of acoustic reflection
· Especially around the gallbladder
Other Modes of Ultrasound:

· M-mode:

· Depicts the motion or deflection of the tissue relative to the transducer on the vertical axis only; represents time on the horizontal axis

· Helpful for IVC collapse and fetal heart tones

· Color Doppler:

· Velocity information is coded into colors and superimposed on a 2D grayscale, anatomic image

· Spectral Doppler:

· Allows a quantitative assessment for blood flow analysis consisting of continuous or pulsed wave technology

· Power Doppler:

· Uses a different component of the returning signal and often displays a greater sensitivity for evaluation of reduced flow components, as it may be slightly less angle-dependent than spectral or conventional color Doppler technologies (esp in low flow states: testicular, ovarian torsion)

Other Sono Functions:

· “Zoom” function that allows the operator to magnify an area of interest

· “Cine” memory is the stored frames in a memory bank, usually 8-1000 frames; can freeze an image and go back numerous frames to choose best view

· “Edge enhancement” emphasizes the gray-scale differences between adjacent tissues of different densities

· Tissue harmonics

· The transducer listens for sound waves returning at twice the frequency of the pulse that was emitted from the transducer (the second harmonic)

· This “harmonic frequency” is less susceptible to distortion as compared to the traditional frequency; mainly echoes from deeper structures

· Artifacts due to side lobes and reverberations are greatly reduced

· Especially helpful for cardiac applications (default setting)

· Acoustic power selection refers to the transmit or output power (amplitude) employed to pulse the transducer in all modes of ultrasound

· Dynamic range

· The range of returning echo intensities that the machine processes in forming a grayscale image (typically 30-78 dB)

· Higher dynamic range settings tend to give more uniform-appearing images, with more subtle distinctions between tissues of different density (low contrast)

· Lower dynamic range settings allow for greater contrast (black is blacker, white is whiter—high contrast)

· Higher dynamic range for things like the liver (want to see subtle tissue findings like masses, nodules) versus lower dynamic range for applications like DVT ultrasound (want to see vessels only to assess for compressibility)

