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2  Critical Care Ultrasound Notes 

Ultrasound Physics 

 Limitations of ultrasound: 

 Inability to penetrate deep into tissues 

 Severe attenuation when it encounters air or bone 

 Artefacts 

  = c / f when: 

  = wavelength of ultrasound 

 c = ultrasound propagation speed 

 f = ultrasound frequency 

 Units: 

 Energy: Joules (J) 

 Power: Watts (W) – Joules per sec 

 Intensity: Watts/cm2 

 Typical ultrasound wavelengths are in the range 0.1 – 1.0 mm 

 Decibels: 

 Measure of attenuation between two powers – e.g. surface and at a certain depth 

 Used for units for attenuation, gain and dynamic range 
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Ultrasound in Tissue 

Ultrasound Propagation 

 Diagnostic ultrasound ranges form 2 – 15 MHz (frequency about 1000 times audible sound) 

 Generated by vibration of transducer against the skin surface 

 Amplitude (A) is the maximum variation of the pressure from its mean value in tissue 

 Period (T) is the time between one cycle and the next.  f (frequency) = 1 / T  

 Wavelength () is the physical length of a single cycle (cf top of one ocean wave to the next) 

 Propagation speed (c) = f * .  Typical probation speed in soft tissue is 1540 m/s.  So wavelength varies 

from 0.77 to 0.1 mm for frequencies of 2 to 15 MHz 

Frequency Analysis 

 The higher the frequency the better the resolution 

 Diagnostic ultrasound uses short “pulses” of ultrasound (except for continuous wave Doppler) 

 Pressure of a continuous wave at a point as a function of time: pressure = A * sin(2  f t) 

Ultrasound Interaction with Tissue 

Attenuation 

 Wave becomes progressively weaker as it travels through tissue 

 Calculated at the ratio of input ultrasound intensity to output intensity (I1/I2) 

 Attenuation = (10 * log [I1 / I2] ) db 

 Energy lost as heat from friction as tissue is not perfectly elastic 

 Attenuation =  * L * f where: 

  is the attenuation coefficient for the specific tissue in dB/cm/MHz – for typical soft tissue is 

~ 0.5 

 L is distance travelled in cm 

 Attenuation is a fundamental limitation of ultrasound: 

 Depth of penetration (dmax) is the depth beyond which echoes are not detectable 

 Maximum tolerable attenuation (i.e. ability of the machine to detect reflections) =  * (2 * dmax) * f 

 Factor of 2 accounts for the round trip distance from probe into soft tissues and back again 
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 So the depth of penetration is inversely related to the frequency – double the frequency (to get better 

pictures)  half the penetration 

 So: 

 Low frequencies (e.g. 3 – 5 MHz) used to scan deep regions (e.g. abdomen, obstetrics) 

 Higher frequencies (e.g. 6 – 10 MHz) use to scan superficial regions (thyroid, breast) 

Reflection 

 Interaction of ultrasound with relatively large and smoother surfaces 

 Acoustic Impedance (or characteristic impedance) of a tissue, z = p * c, (Rayls) where 

 p is the density of the tissue (weight per unit volume) 

 c is the ultrasound propagation speed 

 Tissues with the same impedance will “look” the same to the ultrasound – despite potentially 

being very different (e.g. pus and soft tissue) 

 Fraction reflected, or “reflection coefficient”, R = (reflected intensity / incident intensity) 

    = (z2 – z1)2 / (z2 + z1)2 

 Where z1 and z2 are the acoustic impedances of the first and second tissue 

 Transmission coefficient T = 1 – R 

 When the incidence is not perpendicular, the reflected ultrasound does not travel back to the transducer, so 

will not be seen.  The incidence angle is always equal to the reflected angle – i.e. i = r 

Scattering 

 Interaction of ultrasound with relatively small structures (red blood cells, capillaries, etc) 

 Scattered energy is distributed in all directions and is displayed as low to mid-level grey tones in a random 

granular echo texture 

 Speckle is the sum of individual scatterers within the ultrasound pulse.  The size and distribution of echoes 

in the speckle pattern do not represent the actual location of individual scatterers.  Speckle does not directly 

reflect a tissue property 

Refraction 

 Ultrasound is refracted whenever it passes through an interface between tissues with different ultrasound 

propagation speeds (e.g. from liver tissue to fat) 

 Refraction is determined with Snell’s Law: i/c1 = t/c2, where: 

 i = incident angle 

 t = transmitted angle 

 Refraction increases as: 

 The difference between propagation speeds increases 

 The incident angle increases – when the incident angle is 0 (i.e. perpendicular to the interface), the 

transmitted angle is 0 regardless of propagation speeds 

 Critical angle: 

 The value of the incident angle for which the transmitted angle is 90 (when c2 > c1) 

 Ultrasound doesn’t enter the 2
nd

 tissue – it runs along the surface 

 For incident angles greater than the critical angle, total reflection occurs 

 So total reflection can occur when: 

 There is a very large difference in acoustic impedance between two tissues 

 When c2 > c1 and the incident angle exceeds the critical angle 

Pulsed Ultrasound and Imaging 

Pulse duration and bandwidth 

 Pulse = a short “burst” of ultrasound energy 

 Generally the pulse is 3 – 5 cycles in length (i.e. duration is 3 – 5 times the period of a wave) 

 E.g. is pulse has a frequency of 4MHz, a pulse 4 cycles long is 4 * 0.25 µsec = 1.0 µsec 

 The shorter the transmitted pulse, the better the image resolution.  A short pulse can be achieved by: 

 Transmitting only a few cycles, and or 

 Using a higher a frequency as possible 

 Bandwidth:  

 An ultrasound pulse can be broken up into the sum of an infinite number of sinusoidal waves with 

frequencies spanning a defined frequency range 

 The “spectrum” of the pulse is defined by the centre frequency and the bandwidth (the difference 

between the highest and lowest frequency combining to make the pulse) 
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 Bandwidth (B) is related to pulse duration () by B = 1/ (i.e. shorter pulse = higher [i.e. wider] 

bandwidth) 

 An ultrasound transducer inherently has a limited bandwidth – i.e. it can only process electrical and 

ultrasound signals within a defined range of frequencies 

 Pulse Repetition Frequency (PRF): 

 To build up an image the machine transmits a pulse, receives the echoes, and moves the beam to pass 

through a further area of tissues (scanning).  It takes 100 or more pulses scanned across the tissue in 

question, to produce and image 

 If we require 20 frames per second, this implies greater than 2000 pulses per second 

 The number of transmitted pulses per second is the “Pulse Repetition Frequency” (PRF) 

 The depth of penetration limits the number of pulses that can be transmitted each second 

Pulse echo principle 

 The machine calculated the distance between the probe and the structure causing the echo by measuring the 

time between the transmission of the transmit pulse and the reception of a corresponding echo 

 T = round path distance / propagation speed 

 Rearranging this: 

 d = (c * t) / 2 

 The machines assumes a value for c of 1540 m/sec 

 For each centimetre of depth the echo delay is 13 µsec 

 The machine must not transmit again until all detectable echoes caused by the previous transmit pulse have 

been received. If it does, the new pulse will overlap with echoes from the previous pulse causing an 

artefact cause “range ambiguity” 

 The time delay between the transmit pulse and the last detectable echo (tp) is: 

 Tp = (2 * P)/c, where P is the depth to which the probe penetrates (and beyond which echoes 

are not detectable) 

 The maximum number of transmit pulses per second will be the inverse of this: 

 Maximum PRF = c / (2 * P) 

 The machine generally estimates the depth of penetration P and then uses the maximum PRF consistent 

with the depth of penetration 

Frame rate Limitations 

 Frame rate = number of images created each second 

 FR * Penetration (P) * N (Number of images created each second) = c/2 (77,000 cm/sec) 

Image Formation 
 Ultrasound pulse travels along a beam – some of the energy is reflected.  The brightness of the dot on the 

screen is determined by the intensity of the echo 

 Probes: 

 Linear arrays: the beam is stepped from left to right for successive pulses.  It sweeps out a rectangular 

field of view  rectangular image.  Good for flat surfaces.  View is limited by the probe dimensions 

 Curved arrays (aka curvilinear or convex arrays): Curved probe means the beams fan out given a 

wider field of view.  Not limited by probe size or acoustic window 

 Phased array: origin of the beam remains fixed.  Provides a good field of view at depth but no 

information about superficial structures.  Useful when the ‘acoustic window’ into the patient is small 

(e.g. cardiac echo) 

 Invasive probes: transvaginal, transrectal and transoesophageal.  Can get close to structures of interest 

 higher frequency can be used  image resolution improved 

 Modes: 

 B-Mode (brightness mode): standard view 

 M-Mode: Keeps beam in a fixed position with echoes swept form left to right on screen over time.  

The movement of mobile structures can then be viewed as a function of time 

 A mode: now rarely used 

Transducers 
 Must be bi-directional – convert electrical pulses into ultrasound and visa versa 

 Ceramic transducers are the basic ones – but have a limited bandwidth 

 Transducer materials are “piezoelectric” – electrical voltage causes the transducer to change in size 
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 The probe consists of: 

 Thin strip of ceramic material (the transducer), with front and back surfaces coated in a thin metallic 

coating connected to wires, which apply a voltage across the ceramic material 

 Damping layer immediately behind it – stops resonance (continued oscillation after the electrical pulse 

has stopped – which would lengthen the pulse and reduce the resolution).  The downside is damping 

reduces the intensity of the vibration 

 Thin layer of material covering the face of the transducer.  The acoustic impedance of the transducer 

material is very different to soft tissue – which would cause reflection at the boundary.  This plastic 

layer improves the efficiency of energy transfer 

 Even a tiny amount of air between the probe and patient will be a very efficient reflector, meaning very 

little energy will get into the patient.  Coupling gel aims to eliminate air 

Focusing 

 Beam width: 

 Any reflection from the beam will be assumed to be in the midline of the beam  much greater detail 

possible if the beam is narrow 

 The boundary of the beam is (be definition) the points either side where the intensity is 20 dB below 

maximum intensity (i.e. 100 times lower) 

 The ultrasound frequency and the size of the transducer determine the beam width 

 The diffraction limit is the narrowest possible beam width that can be achieved at each depth.  It is 

defined by the divergence angle – which is determined by the transducer aperture (A) and the 

ultrasound frequency 

 The beam narrows down to a beam width equal to half the transducer aperture at the point of transition 

from the near zone to the far zone.  The beam at this transition is A/2 wide.  The distance from the probe to 

the end of the near zone is called the near zone length (NZL).  NZL = A^2/4 

 It is only possible to focus the beam within the near zone, so the NZL must be greater than the depth 

 Most transducers use a lens to control the dimension of the beam: 

 Superposition: the amplitude of the wave at a point, when two or more waves arrive at the same time, 

varies depending on the phase relationship of the waves arriving waves 

 The focal point is the depth where the intensity of arriving waves is greatest and the beam narrowest.  

The beam is actually narrowed over a range of depths referred to as the “focal zone” 

 The lens is made of a plastic with a lower propagation speed than tissue.  It is thickest in the middle, 

so these signals are delayed compared to the edges – the effect is therefore the same as if the 

transducer were concave 

 If the transducer is too strongly focused it will have a short focal zone and the beam will diverge rapidly 

beyond this – so the usual trade-off is to have medium focusing 

Array Transducers 

 A large number of fine parallel cuts are made in the transducer material, transforming it into an array of 

transducer “elements” 

 This makes it possible to focus and steer the beam electronically by introducing a delay in the electrical 

pulse between successive elements – the electronics associated with each element is called a “channel”.  

The user sets the depth, and the machine calculates the necessary delays 

 Different transducers: 

 Linear array.  A typical array contains 256 or more elements.  Each beam is created using a subset of 

these elements – typically 128.  The beam scans by moving along the face of the transducer one 

element at a time (ie first beam from elements 1 to 128, 2
nd

 from elements 2 – 129, etc) – the image 

with contain a total of 129 lines of sight 

 Phased array is shorter and generally square (2 * 2 cm) with 64 or 128 elements.  A phased array 

sweeps through approx 90 degrees using delays which increase in equal increments from one end of 

the transducer to the other to step the beam around the arch in approx 1 degree increments 

 Matrix probes: 2D array probes with elements across the width as well as the length 

 Receiving echoes: 

 An array does the reverse process for receiving echoes – compensating for the delay in receiving 

echoes from the edge of the probe compared to the centre.  This ensures echo strength is maximised so 

the receive beamwidth is minimised 

 If the depth is relatively superficial, only elements in the central part of the array are used to receive 

them so the effective aperture is small 

 Whereas transmit focusing is set by the user setting the depth, receive focussing is dynamic – the 

machine focuses delays so that the beam is correctly focused at the depth from which the echoes are 

coming 
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 Special cases: 

 In colour Doppler mode, all of the colour lines may be steered to achieve an appropriate Doppler 

angle, as shown here.  The direction of the imaging lines is unchanged 

 1½ D arrays – cuts across the width make it 256 elements long and 5 elements wide.  Improves slice 

thickness using the dynamic aperture technique 

 2 D arrays or matrix arrays are 50 elements wide. They can: 

 Focus the beam in the slice thickness direction using both dynamic and aperture and conventional 

beam forming with delays 

 Steer the entire scan plane in a number of different directions, thus sweeping it through a volume 

of tissue 

 Artefacts: 

 Smearing: 

 As the beam steps from one end of the probe to the other, and off centre object will be seen in a 

number of scans and displayed several times in different positions 

 Thus a single object with be “smeared out” laterally by an amount equal to the beamwidth 

 Smearing is perpendicular to the beam direction and hence these lines are not horizontal except in 

the centre of the image 

  beamwidth degrades image resolution 

 Sidelobes: 

 Additional beams that occur either side of the desired ultrasound beam 

 Are generally weaker then the main beam by 20 dB or more.  However, they are still able of 

generating echoes and thus artefacts 

 Reduced by “apodisation” – the machine de-emphasises the contribution of the out transducer 

elements in the aperture on both transmission and reception 

 Grating lobes: 

 Another type of side-lobe – if they occur they are higher in amplitude than normal side-lobes 

 If pulses travelling in a particular direction from two adjacent transducer elements are exactly one 

cycle apart they will add together, creating a grating lobe 

 Grating lobes cannot occur so long as the distance from one transducer element to the next is less 

than half the wavelength – most transducers are designed so that this rule is obeyed 

Doppler Ultrasound 
 Doppler Modes: pulsed Doppler, colour Doppler, continuous wave Doppler 

 Imaging gets information about structure – Doppler gets information about function (flow and motion) 

Doppler Effect and it’s applications 

 Motion of either source of the receiver  change in frequency of wave energy 

 Doppler shift = the change in frequency, which is determined by the speed of movement 

 When ultrasound is reflected by moving blood, the echoes will have a slightly different frequency due to 

Doppler shift 

 E.g. if 5 MHz ultrasound is reflected by blood which is travelling towards the probe at a speed of 100 

m/sec the returning echo will have a frequency of 5.0065 MHz – so the Doppler shift is 6.5 kHz\ 

 If the direction of movement is not directly towards or away from the probe the machine needs to take into 

account the Doppler angle – the angle  between the midline of the beam and the direction of flow: 

 fD = 2 * f ( v * cos )/c 

 where fD = Doppler shift, v = blood velocity, f is the transmitted ultrasound frequency, c is 

the propagation speed [note 2 * f /c are constants known by the machine] 

 By good fortune, as blood flow is rarely > 200 m/sec, Doppler shifts fall within the range of frequencies of 

the human ear 

The Doppler Angle 

 The Doppler angle can often be determines from the grey scale by adjusting the angle marker to tell the 

machine the direction of flow 

 In echocardiography, the Doppler beam is generally almost parallel to the direction of flow and the 

machine therefore assumes  = 0, and cos() = 1, so the term can be ignored 

 Sometimes angel correction is not possible such as angles obtained from small arteries which can’t be seen.  

As Doppler shift is proportional to blood flow, the variation in spectral display accurately represents the 

variation in blood velocity 
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Measurement Accuracy 

 Main sources of error are: 

 Uncertainty in the direction of flow – blood flow is not necessarily parallel to the walls of the blood 

vessel 

 Subjectivity in placement of the measurement callipers on the spectral display 

 Intrinsic spectral broadening 

 Error in velocity is negligible if the Doppler angle is close to 0o, but it increases dramatically as the 

Doppler angle is increased.  60o is usually considered to be the largest “acceptable” Doppler angle for 

velocity measurement.  At 60o, a 5o error in determining the Doppler angle will cause a 15% error in blood 

velocity 

Scattering of Ultrasound by Blood 

 Only RBCs within blood significantly scatter ultrasound 

 Two situations when blood becomes more reflective: 

 When it is stationary or moving slowly, red cells clump together 

 When very small gas bubbles have been introduced (usually intentionally) 

 Echoes from blood are generally of lower amplitude than tissues, so: 

 Ultrasound power must be higher – generally achieved by using a longer transmit pulse, which 

degrades spatial resolution but increases transmitted power without increasing peak pressure 

 Both pulsed and continuous wave Doppler use a single line of sight with the beam stationary  

transmitted ultrasound is concentrated in a small volume of tissue 

 Pulsed Doppler is the mode for which the user must be most vigilant regarding safe levels of exposure 

 Tissues adjacent to blood are almost always moving as well, and will reflect with higher amplitude – 

but they are moving more slowly – so the machine suppresses echoes with a small Doppler shift 

Continuous Wave Doppler 

 Ultrasound is transmitted continuously from a transducer element (or group of elements) with another 

group receiving the echoes 

 The region where the transmit beam and receive beam intersect is termed the “sample volume” 

 The transmitted frequency f can be compared to the received echoes f + fd 

 This is very simple, so can be used in a hand held device such as a foetal heart detector 

 However, it does not accurately define the sample volume (the volume of tissue from which the Doppler 

signals come) 

Pulsed Doppler 

 Can accurately define the location of a small sample volume (typically a few millimetres) 

 Can be used in combination with grey scale imaging, allowing the user to position the sample volume 

 It is possible to angle correct (if the direction of flow is known) 

 The machine waits a fixed time after each transmit pulse (t = 2d/c, determined by the depth of the user 

defined sample volume) then samples the echo signals briefly using a “range gate” 

 The transmit-receive cycle repeats regularly.  The number of cycles each second  is the Doppler PRF (pulse 

repetition frequency) 

 The major disadvantages are the high exposure to US energy, and it’s limited ability to detect high 

velocities 

Spectral Display 

 The sample volume size is determined by the beamwidth, the transmit pulse duration, and the range gate 

duration 

 Blood velocity will vary across the vessel, generally being highest at the centre.  The advantage of the 

spectral display is it shows the detailed distribution of frequencies in the sample volume and how these 

change with time 

 The upper and lower limits of the spectral display determine the maximum  possible Doppler shifts that can 

be correctly measured and displayed.  These are the “Nyquist limits” – their value is equal to ½ * the 

Doppler PRF 

 The user control “velocity scale” increases or decreases the Doppler PRF thus altering the range of Doppler 

shift frequencies that can be displayed 

Colour Doppler 

 CW and pulsed Doppler give detail about the blood flow in a single sample volume 

 Colour Doppler creates a real-time image of Doppler shift and overlays this on the grey scale image.  

Compared to pulsed Doppler, colour Doppler is: 
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 Less able to detect slow moving blood 

 Less successful in removing signals caused by moving tissues 

 Measures the Doppler shift less accurately 

 If the region of interest is deep, the colour Doppler frame rate may be quite low 

 Doppler angle will usually vary though out the colour box, meaning the colours can only be 

interpreted in a quantitative way.  If detailed information is needed, pulse Doppler should be used 

 The colour represents Doppler shift – not flow velocity.  The flow at each point depends on velocity AND 

Doppler angle 

 Colour is displayed only within the colour box and only where flow is found 

 The image is acquired by rapidly alternating between grey scale and colour image acquisition 

 The colour image is obtained by scanned the beam through the tissues within the colour box (which limits 

the amount of extra processing) and collecting Doppler shift information at each point.  It differs from 

pulsed Doppler in that: 

 Only a small number of transmit pulses (e.g. 8) are used for each line of sight (beam position) – 

compared to ~ 128 for each determination of Doppler shift in pulsed Doppler.  This enable fast image 

acquisition 

 A large number of range gates operate, each with a different time delay 

 The result of the 8 pulses is just 3 numbers:  

 mean Doppler shift frequency – this determines the colour, and is proportional to blood flow and 

also depends on Doppler angle (The ranges on the colour bar assume  = 0) 

 the “variance” – usually not displayed – but in echocardiography areas of unusually large variance 

(i.e. increased spectral broadening) are displayed in green – this suggest turbulence 

 The Doppler signal power 

 The Doppler signals from moving tissues are more difficult to eliminate given there are only 8 samples.  

These are therefore suppressed using a tissue/blood discrimination function: 

 The machine uses the strength of the grey scale image, and if greater than a pre-set value assumes it’s 

tissue and suppresses the colour at that point 

 This pre-set value can be adjusted by the user – the value is displayed on the grey scale bar located 

next to the colour bar 

 Power Mode Colour Doppler: 

 A simpler form where displaying Doppler shift does not add value 

 Colour is determined by Doppler signal power (ie how strong it is) rather than mean Doppler shift 

 Is more sensitive than standard colour Doppler so is good when signals are weak 

 Flow is detected when the Doppler angle is 90o and there is no real Doppler sight (eg detecting small 

artery flow in a breast lump or transplanted kidney) 

 Doppler Tissue Imaging: 

 Same as colour Doppler except that wall filtering is reversed – giving a colour coded version of 

moving tissues 

 Moving signals from tissue are retained, and from blood are suppressed 

 If it is reasonable to assume the Doppler angle is 0o then Doppler shift values can be converted into 

velocity values 

Doppler Artifacts 

Frequency aliasing 

 High velocities most commonly occur as a result of arterial and valvular stenosis 

 There is a fixed limit on the trans of Doppler shifts that can be correctly displayed.  This is called the 

Nyquist Limit and equals half of the Doppler PRF 

 If the Doppler shift exceeds this limit, the display is aliased – Doppler information appears to suddenly 

change both its direction and velocity – essentially the processor gets insufficient information to correctly 

determine the Doppler shift 

 For proper calculation of the shift, fD < PRF / 2 [PRF = pulse repetition frequency] 

 Reducing aliasing: 

 Baseline shift is the first way to fix this – at the cost of a reduced range below the line.  If the Doppler 

signal is more than the PRF (ie twice the Nyquist limit) then the aliased signal will cross over the 

baseline and baseline shifting won’t be able to eliminate it 

 Increase the velocity scale (ie the Doppler PRF).  However, the PRF is limited by the depth of 

penetration 

 Use another window which brings the target closer 

 Use a lower frequency: the Doppler shift generated by a given velocity is proportional to the 

ultrasound frequency.  Reducing the frequency will reduce shift and therefore reduce aliasing 
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 Increasing the Doppler angle will reduce shift – but this is often not possible 

 In echocardiography, CW is used instead of Pulsed.  CW measures Doppler continuously so is not 

affects by aliasing – the disadvantage is a large sample volume 

High PFR mode and range ambiguity 

 In pulsed Doppler, the PRF is limited by the machine having to wait for all detectable echoes to be 

received before it transmits again 

 Range ambiguity occurs when it is not clear which transmit pulse gave rise to a given echo 

 When other measure failure to remove aliasing, many machines allow the Doppler PRF to be increased to 

“high PRF” mode, where range ambiguity will occur 

 In “high PRF” mode, the signal will consist of signals from the desired sample volume and a second 

unwanted sample volume closer to the probe 

Intrinsic Spectral Broadening 

 Ideally, we think of a single source of ultrasound.  In reality, a significant area on the face of the transducer 

(the “aperture”) creates the beam, and echos return to all those elements 

 For each of these ultrasound paths, the Doppler angle is different so there will be a different Doppler shift 

 What makes spectral broadening worse: 

 A larger the aperture.  However, a larger aperture is needed to produce a highly focussed beam.  Most 

machines compromise and use a smaller aperture to produce the Doppler beam than for grey scale 

imaging 

 Superficial imaging (eg carotid studies) 

 A large Doppler angle 

 Problems due to spectral broadening: 

 The more pronounced the broadening, the more the blood velocity will be overestimated (vertical 

smearing of the speed leads the eye to the upper limit – which is likely to be above the true value) 

 A sample volume will normally have a range or velocities within it.  In the presence of disease, this 

range of velocities often increases and therefore gives diagnostic clues.  Spectral broadening masks 

this 

Other Doppler artifacts 

 Spectral mirror artifact 

 Appears as a symmetrical Doppler display – which is entirely artifact 

 Occurs when the Doppler angle is 90o – which predicts no Doppler signal at all.  However, spectral 

broadening still occurs 

 Mirror image artifact: If a blood vessel lies in tissues that are mirror imaged, the vessel will be duplicated.  

Identical Doppler images can be obtained from the mirrored vessel 

 Wall thump: If the cut-off frequency of the wall filter is set too low, Doppler shift signals caused by wall 

movement will be displayed.  However, raising the wall filter cut-off eliminates low velocities, which 

might mask low (or zero) end diastolic velocity.  So generally you just put up with wall thump. 

 Improper placement of the sample volume (eg on the wall not in the vessel) or too big a sample volume 

(which will contain a range of velocities) will cause misinterpretation 

 Setting the velocity scale too low will make measuring peak velocities inaccurate 

Colour Doppler Artifacts 

Colour aliasing 

 Abrupt reversal in colour incorrectly suggesting the direction of flow has changed 

 It is an artifact if: 

 Adjacent pixels change from orange to blue-green.  A true effect would pass through blue 

 When  the colour baseline is moved the blue-green colour reduces 

Colour Dropout 

 Colour is not displayed when it should be if: 

 The vessel is too small or too deep 

 The colour Doppler gain is too low – so slow moving blood is not detected 

 To optimise the detection of flow: 

 Use the appropriate preset (not an arterial preset for veins, and visa versa) 

 Increase the colour gain 

 Reduce the probe frequency – this reduces tissue attenuation 

 Reduce the cut-off frequency of the wall filter, since this may suppress signals from slow-moving 

blood 
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 Check the Doppler angle is not too close to 90o 

Colour Bleed 

 Colour information may be displayed where it shouldn’t be 

 Check: 

 Using an appropriate preset 

 Reduce grey-scale priority setting 

 Increase the wall-filter cut-off frequency 

 Reduce the colour gain 

Other 

 Angle effects: Even when the vessel is straight, the Doppler angle will vary across the image 

 Twinkle artifact: Small calcified and crystalline structures can produce echoes which mimic movement – 

typically red and blue colours 

Haemodynamics 
 Relationship between flow, pressure and resistance is expressed by: 

 Q = (Pa – Pv) / R 

 Q = mean or average flow rate 

 P a and Pv are arterial and venous pressures 

 R is resistance to circulation 

 The dominant contribution to resistance is the number and diameter of arterioles 

Velocity Waveform 

 Typical sites are carotid, brachial, iliac and femoral, and renal arteries.  Each has its own distinctive 

“waveform signature” mainly due to the resistance of the region it is supplying blood to: 

 High resistance (e.g. limbs at rest): highly pulsatile waveforms – rapid acceleration and deceleration at 

the start and end of systole, a brief reversal of the direction of flow at the start of diastole, and then 

little or no flow for the rest of diastole 

 Low resistance (e.g. the brain): Less pulsatile waveforms, absence of flow reversal, sustained flow in 

diastole 

 Waveforms that deviate from the expected shape are suggestive of vascular problems 

 A number of indices are used to assess arterial waveforms: 

Index Formula Popliteal Internal Carotid  

Resistance Index (S – D) / S 1.2 0.67  

Pulsatility Index (S – D) / M 9.6 1.1  

Systolic/Diastolic 

Ratio 

S / D -4.4 3.0 No much use as 

D can be zero 

 Where S = peak systolic velocity, D is minimum diastolic velocity (which may be negative), M is the 

mean over a heart cycle 

 Doppler angle has no impact, as all the indices are ratios of Doppler shifts, so the cos cancels out 

Velocity Profile 

 The variation in velocity across a vessel’s diameter 

 “laminar flow” = smoother stable flow with a parabolic velocity profile, fastest at the centre, and with flow 

parallel to the vessel wall 

 Two possible Doppler spectrums will be seen, depending on the relationship between the size of the vessel 

and the sample volume: 

 When the sample volume is small compared to the vessel, and is positioned in the centre of the vessel, 

a limited range of velocities will be “seen” and so the Doppler spectrum will be narrow with a clear 

“window” under the spectrum 

 If the vessel is small and lies completely within the sample volume, the full range of velocities will be 

seen 

 The profile is not parabolic when: 

 The vessel is curved – it follows a helical/corkscrew pattern 

 The vessel branches – can cause “boundary layer separation” – the flow along the wall fails to take the 

bend, separates from the wall, and causes an area of localised swirling (e.g. carotid bifurcation) 

 There is significant stenosis 
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 When blood is strongly accelerated or decelerated – e.g. at the beginning and end of systole.  Causes 

“plug flow” – the velocity profile is flat – blood flow has the same velocity at all points across the 

vessel’s diameter leading to an unusually narrow Doppler spectrum 

Stenotic Disease 

 Initially impact on blood flow is negligible but will reach a point where it becomes “critical” or 

haemodynamically significant 

 Want to detect it early and estimate severity (usually expressed as a reduction in cross-sectional area) 

 But – early stenosis generally has little effect on rate of flow – so need to look for localised changes along 

the entire length of the artery: 

 Localised blood velocity increases at the point of the stenosis 

 There is disturbance of flow just beyond the stenosis – seen as spectral broadening 

Venous Disease 

 Venous flow is driven by: 

 Pulsatile pressure from the heart 

 “Muscle pump” action 

 Changes in intra-thoracic pressure 

 Prevention of backflow by valves 

 Detecting disease: 

 Doppler can detect reverse flow through valves in varicose veins 

 Thrombus is most reliably detected by compressing veins – clot filled veins will not compress 

completely 

Additional Modes and Capabilities 
 Compound imaging: 

 Normal (“simple”) scans only image echos from surfaces perpendicular to the probe – echos from 

surfaces at other angles are reflected elsewhere and so are not captured 

 A compound image captures up to nine images, each with a different beam direction, and these are 

combined: 

 Round structures (eg blood vessels) will be more complete 

 Combing images leads to a more uniform or smooth speckle pattern  ability to see subtle 

variations in tissues 

 A number of artifacts are reduced – eg shadowing, enhancement, edge shadowing, reverberation, 

ring-down, comet tail – all which are caused by a single perpendicular beam 

 Disadvantages: 

 The frame rate and temporal resolution are substantially worse 

 Loss of useful artefacts 

 So – compound imaging is used selectively 

 Tissue Harmonic Imaging: 

 Echoes will be distorted whenever the transmit pulse is distorted.  They will then have a significant 

component of energy at the second harmonic frequency 

 A high intensity pulse causes pressure changes to tissue (eg stiffness) that alter propagation speed  

peaks travel slightly more quickly than troughs  gradual distortion of the pulse as it travels through 

tissue 

 The transmitted pulse is distorted only in those areas where the intensity is relatively high (ie along the 

central axis of the main beam) – so these echoes will have significant energy at harmonic frequencies 

but echoes from side lobes will not 

 A image constructed from the 2
nd

 harmonic frequency will then only have echos from the central 

beam, and therefore a cleaner picture ( great for echocardiography) 

 Artifacts reduced: 

 Harmonics reduces beamwidth, sidelobe and slice thickness artifacts 

 The transmit pulse becomes more distorted the deeper it goes – superficial pulses are therefore 

undistorted and therefore have weak harmonic echoes.  So reverberation artifact from superficial 

structure (the most common place for them to occur) is also reduced 

 Performance is reduced in two ways: 

 The 2
nd

 harmonic is at a higher frequency, so attenuates quicker, and penetration is reduced 

 Generally requires two pulses for each line of site – reducing the frame rate 

 Harmonic frequencies (if broad) may overlap with the fundamental frequency.  To eliminate this a 

second transmit pulse is transmitted which is the inverse of the first.  Echo signals from each are added 
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together, undistorted echos will be equal and opposite, and thus eliminated, leaving the 2
nd

 harmonic 

component of these echos 

 Compound imaging and harmonics together have additive impact on image quality 

 Contrast agents: 

 Blood is a poor scatterer of ultrasound – a real problem in transcranial ultrasound where US is 

significantly attenuated by the skull 

 Bubbles of air, CO2 and perfluorocarbon gases are used – encapsulated in a thin non-toxic shell – 

measuring 3 – 5 microns 

 Helpful in hard to reach areas (transcranial, renal artery), more accurately outlines heart walls, 

visualise blood flow in organs, and shows perfused (and therefore non-perfused) areas of the liver 

 Bubbles resonate when exposed to ultrasound  echoes from bubbles are distorted  energy at the 

2
nd

 harmonic (whether or not the incident pulse was distorted or not) 

 So harmonic imaging is therefore widely used to make contrast agents more visible 

 3D Ultrasound: 

 Initially done by a motor driven probe sweeping back and forth through a volume of tissue.  Now done 

with matrix transducers 

 A volume of data is “rendered” into an image.  This 3D representation can be “re-sliced” to capture a 

virtual scan plan of interest.  However, the slice thickness significantly degrades image quality 

 Types of rendering include maximum projection rendering and surface rendering 

 4D Ultrasound: Real time 3D images 

 Extended field of view: Stitching images together to give a panorama 

 Image manipulation: post-processing, generally to remove speckle and improve boundary enhancement 

Ultrasound Instrumentation 

Front End 

 Probe 

 Transmitter: 

 Generates the electronic transmit signal that is applied to the transducer 

 Amplitude is increased using the Power control  increased patient exposure to ultrasound energy – 

use only if gain and frequency haven’t worked 

 Can often change the frequency (within the limits of the probes bandwidth) to give priority to 

penetration (low frequency) or resolution (high frequency) 

 Beamformer: A series of delay circuits – one for each transducer element – to achieve the desired depth of 

focus and beam direction (if beam steering is being used) 

 Amplifier: amplifies signal to facilitate subsequent processing and minimise the effect of electronic noise 

Signal Processing 

 Time Gain Compensation/TGC ( aka Depth Gain Compensation): 

 A time-varying gain to the signals, beginning with a relatively low gain and increasing steadily with 

time as the echoes come from greater depths 

 E.g. at a frequency of 6 MHz the intensity will reduced by 3 dB each cm of travel, so the TGC 

function will increase the gain by 6 dB for each centimetre of depth, or by 6 dB for each 13 µsec of 

elapsed time 

 Tissues are highly variable in their attenuation, so the user needs to fine tune the TGC to achieve a 

uniform grey scale at all depths.  Each slider changes the gain at a corresponding depth 

 Digitisation: 

 Most machines digitise the ultrasound signal early in processing.  Advantages of digital systems: 

 Software is easily upgraded 

 The performance of analogue equipment changed with time  needed regular recalibration 

 Happens in an analogue to digital converter 

 Filter: 

 All electronic systems produce noise, which if not filtered would appear as “snow” on the image 

 The filter removes all frequencies above and below the bandwidth of the ultra-sound signal – which 

reduces that amount of noise relative to signal 

 Amplitude detection: Determination of the strength of the echo  brightness of that given point in the 

image 

 Dynamic range compression:  

 Dynamic range = ratio of strongest to weakest echo (in decibels) 

   = 10 * log [Imax/Imin] 
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 E.g. ratio of 1,000,000 to 1 would be a dynamic range of 60 dB 

 Human eye can only detect a grey scale variation equivalent to 30 dB (i.e. intensity of 1,000 to 1) 

 This mismatch is addressed by dynamic range compression – a compression curve specifies the grey 

scale value to be displayed for each echo 

 Low level echoes from soft tissue scattering are displayed using the majority of the grey scale range 

and strong echoes occupying the top 30dB of signal range are displayed using just the top 5 dB of the 

grey scale range – the focus is therefore on echoes from scattering 

 In echocardiography, the target organ consists of relatively strong tissue echoes (heart walls, valves, 

etc).  So a different compression curve is used, eliminating low-level echoes and “cleaning up” the 

image 

Image Processing 

 Scan converter:  

 Stores the image in a suitable format in the image memory so it can be displayed – uses depth, zoom, 

etc. settings to place the echo in the correct position in the image 

 Interpolation is used to fill the gaps between scan lines, so that every pixel has a value 

 Pre-processing: 

 Changes made to echo information before it is stored as an image 

 Includes depth, zoom, persistence (average over several images to smooth speckle texture – no use 

with rapidly moving tissues), compound imaging, etc. 

 Provides a better view of tissues of interest without loss of resolution and with increased frame rate 

 Image memory: 

 A common size is 1024 * 768 pixels  786,432 pixels 

 Cineloop: machine retains the last 100 – 200 images, which can be scrolled back through after a 

“freeze” 

 Post-processing: 

 Functions which don’t alter the stored image 

 Includes: post-processing zoom, colour mapping, post-processing curves, measurements (these are 

unlikely to be accurate due to blurring in tissue interfaces leading to material inter-individual 

measurement) 

Image Artifacts 
 Any appearance in an image that does not accurately represent the anatomy being scanned 

 Generally due to “acoustic artefacts: ultrasound is not behaving as the machine assumes 

 They can be misleading – so need to be recognised 

Imaging Assumptions 

 The transmitted beam is a narrow straight line 

 The ultrasound always travels directly from the transducer to a given reflector and the echo travels directly 

back 

 The propagation speed is 1540 m/sec in all tissues – but this is an average for soft tissues 

 Attenuation is the same in all tissues being imaged 

 All echoes detected by the transducer are due to the most recent transmit pulse 

Attenuation Artifacts 

 Attenuation varies significantly with material – from 0.15 dB/cm/MHZ in blood to 40 in lung 

 TGC corrects for the average value in soft tissue (around 0.5 dB/cm/MHz) 

 Shadowing: 

 Darkened line deep to a region whose tissues cause greater attenuation.  Echos from deeper areas will 

be lower amplitude than otherwise. 

 The shadowed region may be echo-free (a “clean” shadow) or contain artifactual echoes (a “dirty” 

shadow) 

 However, if the object is small, a wide beam will create less deep shadowing; a narrow beam will 

create a more pronounced shadow.  If the shadow is being used to detect an attenuating object (eg a 

stone), the transmit focus must be set to the depth of the suspected object. 

 Enhancement: 

 A brightened area deep to a region of lower attenuation than surrounding tissues, eg a fluid filled 

structure 

 Enhancement will be maximised when the beam is focused at the depth of the object 

 Edge shadowing: 
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 Aka Refractive Edge Shadowing 

 Occurs then the ultrasound beam strikes the edge of a circular structure causing reflection and 

refraction  beam is deflected and broadened (ie defocused): 

  reduction in beam intensity in the original direction of the beam  echoes from distant 

structures reduced  shadowing 

  images are displaced as the beam has not travelled in a straight line 

 Of little diagnostic use so generally ignored 

Depth Artifacts 

 Lead to incorrect display of the depth of tissues 

 Propagation speed artefact 

 Depth is calculated on the assumption of a propagation speed of 1540 m/sec 

 Average speed is 1540 m/s.  Fat is 1450 m/sec.  Lung is 650 m/s 

 Regions beyond fat and lung will therefore be displayed deeper than they should be 

 Fluids will be closer 

 Reverberation artifact: 

 Cause structures to be displayed multiple times at equally spaced depths 

 Due to ultrasound being repeated reflected back and forth between two parallel surfaces 

 The surfaces need to have relatively large reflection coefficients 

 Includes the interface between the transducer and skin (especially if not enough coupling gel), tissue 

bone interfaces, calcified, fibrous or air-filled structures 

 Ring-down artifact: 

 A special case of reverberation artifact with small gas bubbles 

 The beam bounces around the bubbles with very little attenuation, so goes on bouncing around for a 

long time, creating a continuous series of echoes returning to the transducer 

 Results in a bright line of echoes deep to the bubbles 

 Comet-tail artifact: 

 Similar to ring-down, but is shorter lived and so has a shorter tail 

 Generally caused by small calcifications (eg gall bladder sludge).  These absorb much more ultrasound 

energy than gas bubbles, so the reverberation is short lived 

Beam dimension artifacts 

 Beamwidth artifact 

 Every point in the image is smeared laterally by an amount equal to the Beamwidth 

 Particularly visible with boundaries (eg soft tissue and fluid in the chambers of a heart)  fuzziness 

 Is eliminated when the interface is perpendicular to the beam.  For a curved structure, the image will 

be fuzzy except where the beam strikes it at 90o 

 Fuzziness increases with depth, as the beam width increases with depth 

 Sidelobe artifact: 

 There are unwanted additional beams symmetrically either side of the main beam, although 

considerably weaker 

 Nevertheless, a strong reflector in a sidelobe beam will create an echo that the machine will assume 

came from the main beam 

 Strong reflectors will therefore be displayed in multiple positions in the image – as a smear 

perpendicular to the probe 

 Most commonly seen in the gallbladder 

 Slice thickness artifact: 

 Most transducers achieve a narrow beam slice with a lens 

 Scanning perpendicular to a structure means all the “potential subslices” within a slice are the same.  

An object at an oblique angle will have fuzzy edges.  Eg an oblique view of a vessel will be elliptical; 

it’s sides will be well-defined but the ends will be fuzzy 

 If the slice thickness is greater than the width of a vessel, the vessel will contain echoes from adjacent 

tissues, especially in superficial regions where the slice thickness is greater 

Beam path artifacts 

 Refraction artifact: 

 Change of direction is more pronounced if the angle of incidence is large (well away from 

perpendicular) and if the difference in propagation speed is large 

 The rectus abdominis muscle is compose of two lens shaped sections and can alter the direction of an 

ultrasound beam causing deeper images to be displaced horizontally or even doubled 

 Mirror image artifact: 
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 A typical reflector is an interface between two tissues with significantly different acoustic impedances 

 Objects outside the beam will appear displaced and appear within the beam 

 If the reflecting interface is curved (eg the diaphragm) the artifact is distorted 

Equipment and electrical artifacts 

 Damage to one or more transducer elements on the probe  dropout, which will be fixed in position 

relative to the transducer face 

 Electrical interference is not a problem outside electrically noisy environments (eg NICUs) 

Measuring Equipment Performance 
 Objective measures of image quality include: 

 Spatial resolution: 

 The sharpness of the image – technically the minimum space between two small objects (“point 

targets”) so that they are still seen as separate objects (ie they are “resolved”): 

 Axial resolution: Minimum separation in depth along the same line of sight which allows them to 

be resolved in the image.  The shorter the transmit pulse, the better the axial resolution.  It is 

independent of depth 

 Lateral resolution: Minimum separation parallel to the probe. It is simply equal to beamwidth.  

Minimised by using as high a frequency as possible and as large a transducer aperture as possible 

(but this is limited by the size of the acoustic window).  It will vary with depth, being best at the 

focal depth 

 Lateral smearing is worse than axial smearing. Lateral smearing is reduced when the beam is 

perpendicular to the beam 

 Bottom line: both are best when using the highest frequency consistent with required depth of 

penetration and perpendicular to the beam 

 Contrast resolution: describes the user’s ability to detect small differences in soft tissue echogenicity (eg a 

mass in the liver or thyroid).  All images are degraded by the presence of artifacts.  Reducing speckle is 

important.  Make sure the TGC, gain, dynamic range and frequency are optimised 

 Temporal resolution: 

 Ability to image moving structures 

 Largely determined by frame rate.  This is compounded by modes that transmit more than one pulse 

for each line of sight (eg colour Doppler, compound imaging, harmonics) 

 Enhanced by multiple beamforming – a broad beam but with several (eg 4) closely spaced receive 

beams detecting echos simultaneously.  This a single transmit pulse provides echo information for four 

lines of sight 

 Frame rate is affected by: 

 PRF, which is in turn limited by depth of penetration 

 The number of lines of sight in each image (increases lead to increase spatial resolution but frame 

rate 

 The number of pulses for each line of sight (1 in basic modes, 2 for pulse inversion harmonic 

imaging…) 
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Assessing Equipment Performance 

 Imaging performance:  Generally use tissue-mimicking phantoms:  

 Using gel with a propagation speed of 1540 m/sec with a variety of point targets, can test vertical and 

horizontal measurement accuracy and axial and lateral spatial resolution 

 They can also test contact with regions of varying echogenicity, targets causing shadowing 

 Doppler performance: Use of a flow phantom with fluid running through a tube in a gel phantom – but the 

scatterers in the fluid tend to clump, so don’t mimic blood well. 

 Most modern machines are well calibrated, reliable, and with inbuilt error checking, but should be 

maintained by experienced technicians 

Bioeffects and safety 
 US is only useful because it interacts physically with the patients tissues which exerts mechanical forces 

 These interactions can be used therapeutically – eg lithotripsy 

 It cannot be proved that ultrasound is completely safe 

 Mechanisms: 

 Thermal effects:  

 Degree of heating is affected by: 

 Intensity of ultrasound exposure 

 Properties of the tissue: fluid absorbs little, fibrous tissue a lot 

 Ultrasound frequency: high is absorbed more 

 Whether the beam is scanned or stationary 

 Well perfused tissues heat less – blood carries excess heat away 

 Pulsed Doppler is the most likely mode to increase temperature 

 A temperature increase of up to 1.5oC above normal can by tolerated by a fetus without harm (ie 

the increase will be less if the patient is febrile) 

 The estimated temperature increase is displayed by the machine as the Thermal Index – an 

estimate of the likely maximum increase in tissue temperature (based on a number of 

assumptions) 

 Mechanical effects: 

 Cavitation: 
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 Describes the behaviour of gas bubbles exposed to ultrasound – of particular relevance to 

lungs and the gut 

 Bubbles expand (with pressure decrease) and contract (with pressure increase).  If they 

contract quickly, they implode causing a shock wave exposing local tissues to high stress 

 Risk is highest at high intensity and low frequencies 

 The Mechanical index is a measure of the risk of cavitation and is displayed by the US 

machine – the maximum acceptable value for MI is generally agreed to be 1.9 

 Radiation force: the force exerted on any object that reflects or absorbs US.  It is the likely 

explanation for bleeding that is observed in lung tissue exposed to high intensities 

 Bottom line: 

 The exposure of the patient to ultrasound should be As Low As Reasonably Achievable (ALSRA) 

consistent with obtaining the necessary clinical information 

 The greatest risk to the patient is from poor quality practice, sub-optimal scans, poor reporting, 

misdiagnosis, etc. 
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General Image Acquisition 

 

 Terminology: 

 Acoustic window: and medium or structure that transmits sound well 

 Anechoic: containing no echoes, no variation in acoustic impedance 

 Echogenicity: brightness of the echoes displayed within a particular tissue 

 Echogenic: containing echoes 

 Echopenic/ hypoechoic: containing only a few low-level echoes 

 Halo, target, bull’s eye: descriptions of metastatic tumours with an echogenic centre and a hypoechoic 

ring 

 Hyperechoic: containing many high-intensity echoes 

 Isoechoic: having the same echogenicity as the surrounding tissues 

 Sonolucent: the sonographic appearance of a fluid-filled structure 

 

 Handling the probe: 

 Wrist and little finger on the skin 

 Hand over the top for subcostal 

 Manipulation: 

 Slide it: 

 Rocking: in plane 

 Tilting: side to side – visualise other planes in the same axis 

 Rotating: turning on the spot – short axis to long axis 

 Compression: push gas out of view, separate structures 

 

 Improving the image: 

 Low light 

 Right position + inspiration/expiration 

 Right settings 

 Overall gain 

 Right focus 

 Plenty of gel 

 Orientate transducer 

 Always check deep to the thing you’re looking at 

 

 Knobology: 

 Overall gain: amplifies received signal 

 Time Gain Compensation: Gain is automatically applied increasingly over the depth.  This control 

adjusts at different depths to create an even image 

 Transmission power: the strength of the incident ultrasound beam.  Keep to a minimum for the 

required depth 

 Focus: Adjust to the area of interest.  Multiple focal zones optimise the image over a greater depth but 

reduce the frame rate 

 Depth: Use the smallest depth necessary – this allows the best frame rate 

 

 Know your clinical question 

 

 Stay safe: 

 Scope of practice must be defined 

 Scope should be limited to Yes/No questions – no fishing expeditions! 
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Diagnostic Scans 

 

Volume Assessment 
 JVP 

 IVC: 

 Scanning: 

 Cardiac setting 

 Can’t see it 20% of the time 

 Usually in longitudinal (some do transverse) 

 Measure 2 -3 cm from the atrium – avoid the hepatic veins (bulge).  Reference diameter is the 

largest diameter 

 Measure in inspiration and expiration – M mode helpful (be careful you’re looking at the centre 

not slicing the side) 

 Assessment: 

 IVC > 2 cm is “well hydrated”.  Best used serially 

 Small IVC (< 1.2 cm) has high specificity and low sensitivity for a RA pressure less than 10 

mmHg 

 Collapse Index = (Max – Min diameter) / Max 

 > 50 % = RA pressure < 10 mmHg 

 < 50% = RA pressure > 10 mmHg 

 Collapse more important than size – beware of relying on absolute measurements 

 In mechanically ventilated patients, IVC respiratory variation is a good predictor of pre-load 

responsiveness 

 In a spontaneously breathing patient IVC > 17 mm and no collapse suggests RA pressure of 20 

 EDLVD  EF% 

 

Heart 

Acoustic Windows 

 Optimise image – depth, gain, inspiration, left decubitus position 

 Marker R on screen, marker to R shoulder 

 Parasternal: 3
rd

 intercostal space, then try 4
th

. Use inspiration/expiration, optimise depth (~16 cm) & gain, 

small movements, record multiple views 

 Long axis (parallel to long axis of the heart) - PSLA: sees IVS (intraventricular septum and posterior 

wall) 

 
 Short Axis - PSSA:  

 Aortic: Shows RA, RVOT and PA clockwise around AV 

http://www.echopedia.org/images/d/d8/Heart_normal_lpla_echo_view.png
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 R = Right coronary cusp (right coronary artery), L = L coronary cusp (left coronary artery), A 

= non-coronary cusp 

 Mitral 

 LV at level of papillary muscles 

 
 Apical: Where apical impulse is strongest – try 5

th
 intercostal space, mid axillary line, beam directed to R 

shoulder 

 A4C - 4 chamber view: marker to the bed.  Used for Doppler studies 

 
 A5C - 5 chamber 

 A2C - 2 chamber – rotated anticlockwise ~ 120o for the trus inferior wall 

 Subcostal 4 Chamber: Subxiphoid position, image index marker at 3 o’clock, probe directed to between 

supra-sternal notch and L clavicle 

http://www.echopedia.org/images/e/e6/Heart_normal_short_axis_echo.png
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 IVC (and fan across to get aorta to check it was IVC to start with) 

 Supra-sternal: LS with marker to chin.  View of top of aortic arch.  (Rule in NOT rule out for dissection 

flap) 

Left Ventricular Function 

 Clinical question: is there significant LV impairment 

 Types: 

 Global dysfunction 

 Regionally impaired 

 Diastolic dysfunction: upper limit of wall thickness is 12 mm.  If thick and large LV then likely to 

have diastolic dysfunction 

 Always get two views 

 Eyeball the LV: 

 Size.  Dilation, under filled 

 Wall thinning, thickness, brightness 

 Change in wall thickness between systole and diastole: 

 Global contractility 

 Regional differences in contractility 

 Quick & dirty: Fractional shortening: (LVEDD – LVESD)/LVESD 

 EF = volume systole * 100 / volume diastole: 

 Simpson’s method: measure LVED and LVES in A4C view.  LVED is the frame after MV closure, 

LVES is the frame before mitral valve opening 

 Calculation of cardiac output: 

 Measure SV: 

 Measure LVOT diameter at the base of the aortic leaflets  in PSLA is mid systole (aortic valve 

fully open).  Any error in this will be squared when calculating SV 

 In A5C place pulsed wave Doppler sample volume in the LVOT just above the aortic valve.  Any 

angle misalignment will underestimate SV.  Using 100 m/s sweep speed, freeze the display.  

Trace the VTI (velocity-time interval). 

 CO = SV * HR 

 Signs of diastolic failure: 

 Thick LV 

 Large LA 

 LA septum bulging into RA throughout the cycle 

Chamber Assessment 

 LA:  Parasternal Long Axis: LA diameter to Aorta < 1.3:1 is normal 

 LV: 

 Chamber size: LVIDd (LV internal dimension diastole: normal female 39 – 53 mm, severe > 62, male 

42 – 59, severe > 69 

 Wall thickness: IVSd (intraventricular septum diastole) and PWd (posterior wall diastole): Normal 

range 6 – 10 mm, severe > 16 

 RV: 

 Dilates quickly, returns to normal quickly 

 Normal RV size < 2/3 LV size.  Difficult to assess due to complex shape.  There are no cut-offs for 

mild/moderate/severe enlargement 

 PE: 

 Needs to be large to be seen.  RV dilation has 60 – 70% sensitivity for PE (doesn’t exclude) 
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 Flattened septum – ‘D’ on short axis through the mitral valve 

 Calculation of RVSP: 

 RVSP = P RV – RA + P RA 

 P RV – RA is calculated from the maximum velocity of the tricuspid regurgitation obtained with 

continuous Doppler (Bernoulli equation P = 4V
2
).  Place the continuous wave Doppler beam in 

the centre of the TR jet.  Measure the maximum velocity on the spectral display 

 PRA is estimated using IVC size and respiratory variations 

 Aorta:  Root measurement: measure from inside edge to outside edge (on LA side).  Normal root < 3.7 cm 

(accept up to 4 cm in valsalva) 

Valves 

 Aortic Stenosis:  

 Clinical question: is there significant AS? 

 Normal leaflets: thin, mobile, coapt in diastole in the middle of the aortic root, snap open freely in 

systole, Mercedes Benz sign in short axis view 

 Abnormal: thickened and calcified leaflets, reduced excursion, bicuspid leaflets, systolic doming of 

leaflets 

 Secondary features: LV hypertrophy, small LV cavity (pressure not volume loaded) 

 Pulsed wave in LVOT  valve area 

 Continuous wave in Aortic outflow for peak gradient 

 Bicuspid valve is most commonly fusion of the left and right coronary leaflets 

 Mitral Regurgitation: 

 Clinical question: is there significant MR? 

 Normal appearance: Anterior leaflet appears longer and larger than posterior, leaflets thin, papillary 

muscles appear as cone-shaped protrusions, 

 Abnormal appearances: valvular or annular calcification, prolapsing or flail leaflets, ruptured chordae, 

failure of coaptation, reduced mobility 

 Secondary features: LA dilation (if chronic), LV dilation (volume not pressure loaded), hyperkinetic 

systolic LV function, elevated RH pressures 

 Look in PSLA, A2C, A4C.  Be ward poor LV function.  Poor forward flow will affect the appearance 

of the valve 

 Pitfalls: 

 Under/over estimation very easy 

 Eccentric jets confound measurements 

 Acute MR may not have secondary features 

 Compounded by LV failure 

Pericardial Effusion 

 Don’t confused with pleural effusion – pericardial will be anterior to descending Ao, pleural will be behind 

  
 

 Size of effusion: 

http://web.stanford.edu/group/ccm_echocardio/cgi-bin/mediawiki/index.php/File:PSL_schema_pericardial_and_pleural_effusion_location.jpg
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 < 0.5 cm small 

 0.5 – 2 cm moderate 

 > 2 cm large 

 Clinical question: is there tamponade? 

 Causes impaired diastolic filing  haemodynamic compromise 

 Best assessed in A4C and subcostal – don’t get good cross section in PLA 

 Earliest sign: RA wall collapse in diastole 

 Later sign: RV collapse in diastole.  Best seen in M Mode (on PLA or Subcostal) 

 Impaired ventricular filling and interventricular dependence: LV filling during inspiration > 25%, 

RV filling during inspiration > 25% 

 IVC dilated with  respiratory variation 

Lung 
 Probes: 

 Curvilinear or phased-array 2 – 5 MHz for lung parenchyma 

 High frequency linear probe for pleura (limited penetration) 

 Looking for: 

 Plural effusion: fluid 

 Pneumothorax: pleural sliding and possible lung point 

 M Mode: 

 Waves on the beach is normal 

 Barcode is abnormal 

 Pulmonary oedema: B lines 

 Consolidation: hepatisation and air bronchograms 

 Bronchi are air filled  white 

 A lines – horizontal to probe 

 B lines – vertical to probe: 

 <= 3 B lines normal 

 > 3 lines  pathology 

 Broaden with curves array 

 Short artifacts are comet tails 

 Ringdown goes all the way down (rockets).  Lots of Rockets think pulmonary oedema.  Check 

bilaterally, multiple zones 

Liver/Gallbladder 
 Scanning: 

 Check with colour 

 Try deep inspiration 

 Don’t normally see hepatic ducts.  If you’re seeing double tubes in the liver you’ve got CBD dilation 

 Common bile duct internal diameter: < 7 mm, or < 10 mm in elderly or post cholecystectomy.  Two hyper-

echoic lines anterior to portal vein, with no flow on colour doppler 

 Gallbladder: 

 Ask if they’ve had a cholecystectomy 

 Starve the patient  gallbladder full 

 Start supine then oblique decubitus.  Try deep inspiration 

 Views: 

 Start in transverse/oblique with deep inspiration – sweep through liver from top to bottom 

 Longitudinal in mid-axillary line at costal margin – sweep through gall bladder 

 Coronal or intercostal may be needed 

 Image: gall bladder neck, body and fundus 

 Use probe pressure to assess for sonographic Murphy’s sign – decompression of the fundus with 

compression and associated pain 

 Stones: 

 Stand them up and see if they move 

 Bright, with shadow 

 Polyps: don’t shadow, don’t move and don’t need follow up 

 Sludge: may be present with prolonged starving and non-ambulatory patients 

 Look for: 
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 Wall thickening (normal < 3 mm) on anterior wall (thickness of posterior wall obscured by 

posterior enhancement) at right angles to the probe (less beamwidth artifact) 

 Gallbladder length (normal < 10 cm) 

 Peri-gallbladder fluid/oedema 

 Adenomyomatosis: cholesterol crystals in the wall with comet tails 

 Tenderness 

 Normal variants: 

 Fold in neck 

 Fold in fundus 

 Differentiating Gallbladder from duodenum: 

 Gallbladder: bright wall, surrounded by liver, attached to the middle hepatic ligament, static, 

contained and connects to the portal vein 

 Duodenum: dark wall, next to the liver, no ligament, peristalsis, tubular and not connection to 

portal vein 

 

 Transverse view of Liver 
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 Longitudinal scan of liver 
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FAST Scan 
 Echogenicity of blood in the abdomen varies – can be exactly the same as bowel or solid organs  

invisible (especially if very acute) 

 Cautions: 

 Is a tool to diagnose bleeding in an unstable patient – which should prompt emergency laparotomy 

without CT 

 CAN’T diagnose solid organ injury (live/spleen) – must CT 

 If initial scan is negative, repeat if suspicion remains high 

 Do supine – fluid pools to dependent areas 

 Subcutaneous emphysema will obscure views 
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 Perinephric fat may be interpreted as intraperitoneal free fluid 

 Fluid can also be ascites... 

 Scanning technique - In each location sweep right through the field – do transverse as well 

1. Subxiphoid view: 

 Place transducer below xiphoid, angle towards head, and sweep right to left 

 Visualise: right subphrenic space, myocardium (4 chamber view), pericardial effusions, left 

subphrenic space 

2. Morison’s Pouch, right subphrenic and right pleural space: 

 Initially longitudinal over right abdomen, moving to coronal.  Identify fluid between the liver and 

kidney, and also subphrenic and pleural fluid by angling cephalad 

3. Right paracolic gutter 

4. Left splenorenal, left subphrenic and Left pleural space: 

 Coronal plane over left abdomen, high and more posterior than on right 

 Look for free fluid between the spleen and kidney, anterior to the kidney, under the diaphragm 

and pleural fluid (if no air then no mirror image and will see the spine – air would mask it) 

5. Left paracolic gutter 

6. Pelvis: Longitudinal and transverse looking for fluid in the pouch of Douglas or posterior to the 

bladder.  Probe right down on the symphasis pubis.  Sweep out the adnexal regions in both planes 

 eFast: Extended Fast: 

 Lung for pneumothorax 

 IVC for volume 

AAA 
 Imagining: decubitus is no views supine – try through spleen and kidney.  Try varying degrees of probe 

pressure and angulation 

 Scanning: 

 Transverse first: scan the whole abdomen from the xyphisternum to the bifurcation of the aorta 

 Longitudinal: mid-abdomen from the xyphisternum to the bifurcation of the aorta 

 > 3 cm below the SMA is definitely infra-renal.  Renal arteries usually ~ 1 cm below SMA 

perpendicular to wall in longitudinal plane 

 Measuring (including wall – ie from external wall to external wall): 

 AP at the level of the coeliac trunk, mid-abdomen, and just proximal to the bifurcation 

 If aneurysm present, measure depth (ie AP diameter) in LS and depth and width in TS 

 Size: 

 Aorta Aneurysm > 3 cm.  Normal is 2 cm proximal tapering to 1.5 cm towards the bifurcation.  Loss 

of tapering may be the first sign of aneurysm development. 

 Common Iliac > 1.5 cm 

 You can’t see a leak – this is a clinical or CT diagnosis 

Kidney/Bladder 
 Bladder first 

 Bladder measurement – 3 perpendicular measurements: 

 Longitudinal in mid-pelvis line, just superior to the symphysis pubis.  Sweep from lateral wall to 

lateral wall – 2 measurements – depth and height 

 Transverse – sweep from inferior margin to superior margin – 1 measurement - width 

 Haemorrhage is mobile, clot is not 

 In a female, don’t confuse bladder with an ovarian cyst or tumour 

 Use colour to identify ureteric jets 

 If bladder full then empty otherwise false positive for hydronephrosis 

 Kidneys: 

 Clinical question: is there hydronephrosis 

 Anatomy: 

 Normal 9 – 12 cm in length, 4 – 5 cm width, within 2 cm of each other in terms of size 

 Sinus is the name for the hyperechoic area include the pelvis, calyces, fat and vessels in the centre 

of the kidney 

 Surrounded by Gerota’s fascia/renal fascia – hyperechoic (also encapsulates adrenals) 

 Normal ureter is not ordinarily visualised 
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 Imaging on the right: 

 Longitudinal through liver, mid-axillary line at costal margin to coronal approach, between the 

ribs. 

 Then transverse/oblique  from top to bottom with breath held 

 Imaging on the left: 

 Coronal longitudinal.  Visualise from anterior border to posterior border 

 Vary tremendously with age: 

 fat, cortex with age 

 In an infant the pyramids are black and prominent (is the pelvis dilated?) 

 Cautions: 

 Renal pyramids can be hypoechoic – don’t mistake these as cysts or hydronephrosis 

 To diagnose hydronephrosis (cf cysts) need to be able to connect the calyces – transverse is 

helpful.  Must have dilated calyces (“splaying”) – not just renal sinus or pelvis 

 An extra-renal pelvis can be mistaken for hydronephrosis 

 Absence of dilation virtually rules out obstructive nephrolithiasis as the cause of severe pain 

 Pregnancy and an over-distended bladder give false positives for hydronephrosis 

Early Pregnancy 
 Do in conjunction with bHCG measurement (serially if necessary).  In a woman with an empty uterus and a 

positive pregnancy test, an ectopic must be suspected 

 Scanning: 

 Do with mildly full bladder – use it as a window 

 Longitudinal, just above the symphysis.  Sweep from right to left across the whole of the uterus and 

into the adnexae 

 Transverse 

 Looking for: 

 “Double decidual sign”: gestational sac with echogenic and hypoechoic rings surrounding it 

 Yok sac: sac within a sac.  The first definitive sign of an intrauterine pregnancy 

 Fetal pole is the complex between the yok sac and the chorionic wall.  By the end of the 7
th

 menstrual 

week, embryo measures 5 – 10 mm in crown-rump length 

 Presence of yok sac and/or fetal pole confirms pregnancy.  Fetal pole should be identified in all 

gestation sacs by 7 weeks menstrual age.  Note, in an ectopic pregnancy, a decidual reaction can occur 

in the endometrial cavity that can mimic a gestation sac 

 Confirm viability by detecting presence or absence of fetal heart activity – always do M mode and 

record 

 Date pregnancy 

 Identify multiple pregnancies 

 Early complications/fetal abnormalities 

 Adnexal pathology.  An adnexal mass may be an ectopic.  Look for free fluid in the pelvis 

 Rule out ectopics 

 Record: 

 Uterus in two planes 

 Gestational sac in two planes.  Measure length, height and width of the sac 

 Fetal pole: measure Crown-Rump length (CRL) 

 Adnexae: image in two planes, identify and measure ovaries and any masses 

 Later in pregnancy, measuring: 

 BPD – bi-parietal diameter 

 Femur length 

 Abdomen circumference 

DVT 
 Clinician scans are a “rule in” not a “rule out” 

 Principles: 

 Compress in transverse plane perpendicular to skin.  Don’t scan longitudinally – too easy to slip off 

when compressing 

 Longitudinal to assess flow: 

 Colour for flow – must assess flow – only way to detect isolated iliac thrombus 

 Pulsed wave with deep breath – must see a change for normal (phasic flow) 

 Compare both sides 
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 Position: 

 Head up  more blood in veins.  Even standing 

 Groin to adductor canal: supine, leg abducted and externally rotated 

 Popliteal: decubitus with leg flexed 25 – 30o.  beware of duplex popliteal veins 

 Technique: 

 Use plenty of gel 

 Probe perpendicular to skin in transverse plane 

 Artery: pulsating, round, and thicker wall, non-compressible.  Use valsalva to confirm vein 

 Scan from splenofemoral junction, compressing every few centimetres to the adductor canal 

 If vein fails to completely collapse with compression, a DVT is present at that site 

 False positives may result from previous DVTs which may have partially incompressible veins 

 Acute thrombis can be anechoic 

 Chronic DVT are more complex 

 Lymph nodes < 1 cm and Baker’s cysts are normal 

 Assessing flow: 

 Augmentation: compress vein distal to probe  temporary spike in flow on Doppler 

 Respiratory variation: venous return should vary with respiratory cycle or valsalva (phasic flow) 

 Anatomy: 

 Proximal thigh:  Common Femoral Artery, Common Femoral Vein, Great Saphenous Vein (always 

check insertion into CFV).  Approximately 30% have duplicated femoral veins 

 

 

 

 

 

 

 

 

 Mid-thigh: Superficial femoral artery, deep femoral artery, superficial femoral vein (deep femoral vein 

has gone deep and posterior) 

 

 

 

 

 

 

 

 

 

 

 

 Popliteal fossa: 

 

 

 

 

 

 

 

 

Musculoskeletal Ultrasound 
 Difference between oedema and pus: 

 Push it and see if it moves 

 Put colour on – oedema will have  vascularity 

 Lymph nodes: 

 Normal lymph node has a echogenic fatty hilum 

 Lymphoma is black like fluid but has vascularity on colour 

 Foreign body: 

 Lots of gel – you don’t want to push on it.  Can cover with a fluid filled glove 

CFA 

CFV 

GSV 

SFA 

SFV 

DFA 

PV 

PV 
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 Know the normal anatomy (check the other side) 

 View from different angles.  Strongest image should be perpendicular to the foreign body 

 Often has a soft tissue reaction around it – eg abscess, cobblestone cellulitis 

 Measure: 

 Size of object 

 Depth 

 Localise with a paperclip under the transducer 

Interventional/Vascular access 
 Have machine on other side of the patient – need to be able to glance at it 

 Longitudinal – needle must be parallel with the probe at all times.  For vascular access, longitudinal is 

harder to start with but more reliable 

 Shallower needle better visualised 

 Move the probe not the needle 

Testis 
 Scanning tips: 

 Sweep through the whole testis – normal is homogenous 

 Also look at epididymis and volume of fluid 

 If scanning a painful testis, scan the good one first with colour +/- PW doppler to fine tune settings so 

you can see colour (optimise for slow flow: turn off wall filter, PRF, small colour box) 

 Painful testis: 

 Testicular torsion: 

 US highly sensitive and specific 

 Oedema + hypoechoic 

 Absence of colour 

 Salvage rates drop quickly after 3 hours 

 Epididymitis:  

 Bulk epididymis 

 Hyper-vascular on Doppler 

 Varicocoele: 

 Dilate veins in scrotum 

 Valsalva  veins increase in size and show marked  in colour 

 If on the Left, scan left renal vein – may see an obstruction to the testicular vein up there 

 Abscess: tumours usually not painful 
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