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  Foreword


  Ultrasound images are so prone to artifacts, it's little short of a miracle that we can see anything meaningful at all!


  WHEN THE FIRST sonographic images started to be produced in the 1960s, most doctors and scientists did not believe ultrasound would ever leave the experimental stage and become one of the leading imaging modalities. The notion that detailed and specific information about human anatomy and pathology could be gleaned from ultrasound echoes simply seemed absurd. Indeed, the first sets of published images were barely recognizable even to experts well versed in radiology and cross-sectional anatomy. The multitude of limitations associated with the behavior of sound in the human body, such as its catastrophic attenuation rates and its propensity towards artifact generation, posed enormous technological challenges to the developers of ultrasound devices.


  Today, ultrasound is one of the most commonly used medical imaging modalities. Ultrasound images are not only highly meaningful, they can also be incredibly detailed with spatial resolution often greater than that of other flagship imaging modalities such as Computed Tomography or Magnetic Resonance imaging.


  To those who have made ultrasound imaging their profession, ultrasound images can also be incredibly beautiful. This is probably in large part because the operator is actively engaged in creating the image. Ultrasound is 80% science and 20% art. It’s not a matter of pushing a button and obtaining an image.


  Over the last four decades, manufacturers of ultrasound systems have gone to great lengths to improve image quality and reduce the generation and appearance of artifacts in ultrasound images. And while fancy engineering tricks and complex hardware and software have helped reduce some artifacts, it is not possible to completely eliminate most artifacts because they are caused by the fundamental ways in which acoustic waves behave in soft tissue rather than being a product of limitations in equipment or signal processing.


  For this reason, ultrasound artifacts affect every ultrasound image and they are here to stay. More often than not, artifacts are readily recognized by the operator and pose only a minor nuisance. But on occasion a cunning artifact will confuse even the most astute ultrasound practitioner.
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    This image shows a benign simple ovarian cyst that was initially thought to represent a complex, predominantly solid ovarian mass. The solid internal contents are completely artifactual and are due to range ambiguity.

  


  The purpose of this book is to demystify artifacts, expose their true nature and offer you many tools to recognize, eliminate and circumvent even the most stubborn artifacts.


  I hope you enjoy this book.
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  Chapter 1: Introduction to Artifacts


  Ultrasound artifacts represent a wide range of misleading ultrasound appearances that do not accurately represent anatomical structures or physiologic events. In this chapter, we will discover various types of artifacts and the root causes of their existence.


  1.1 What is an artifact?


  An ultrasound system sends acoustic pulses into the patient and receives echoes that are generated by tissue reflectors. In B-mode imaging, the depth of the reflector is calculated from the time taken between pulse generation and echo reception using the average speed of sound (1540m/s) in soft tissue as a constant. Echo strength (amplitude) is encoded as brightness. In color, power and spectral Doppler, the returning echoes are further subjected to analysis for Doppler shifts.


  In order for the ultrasound imaging system to analyze returning echoes and display them as images, a number of basic assumptions are made:


  
    	Ultrasound pulse travels in a straight line during transmission and echoes follow the same straight path.


    	Speed of sound in the body is a constant (1540m/s).


    	Attenuation rate is uniform and predictable.


    	Two comparable tissue reflectors in a similar location will generate a comparable echo amplitude.


    	The beam dimensions are small in height (axial), width (lateral) and thickness (slice thickness).


    	Echoes originate only from the central axis of the beam.


    	Each reflector only generates one echo.


    	The arriving echo was generated by the last emitted ultrasound pulse, not by any preceding pulses.


    	The rate of image acquisition exceeds the rate of physiologic events and the rate of transducer movement.


    	The operator is utilizing the system appropriately.


    	All system controls have been adjusted correctly.


    	The transducer elements and electronic system components are functioning normally and without interference from surrounding equipment.

  


  Unfortunately sound (or in this case ultrasound) often fails to obey these convenient rules of pulse propagation, echo generation, signal reception and image processing. Furthermore, the image acquisition rate may sometimes be too slow for rapid physiologic events, leading to a range of temporal display problems. Finally, the operator (sonographer, sonologist) may sometimes play a significant role in creating circumstances for artifacts to occur. An example is shown below.
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    Figure 1.1 (a): The sonographer used a non-uniform window (falciform ligament and ligamentum teres) to visualize the head of the pancreas. The appearance is highly worrying and suggests the presence of a pancreatic head mass (m).
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    Figure 1.1 (b): Review of the same area from a different angle revealed a normal pancreatic head.

  


  1.2 General causes of artifacts
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  1.3 Sorting out the “truth”


  While ultrasound artifacts do not accurately reflect reality, to the ultrasound system artifacts appear perfectly “real”. Artifacts represent real echoes or the real absence of echoes, however, they do not represent real structures the way the operator would expect these to appear. Alternatively, the operator may misinterpret artifacts as real structures.


  It is the operator’s responsibility to determine whether the image accurately represents reality or not. It is useful to know:


  
    	what types of artifacts exist;


    	how each artifact arises;


    	the causative agent(s) for each type of artifact;


    	the system assumptions that have been violated;


    	the range of appearance of each artifact;


    	diagnostic uses of artifacts;


    	how to accentuate and use diagnostically useful artifacts;


    	how to reduce, eliminate or circumvent unhelpful or diagnostically detrimental artifacts.
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    Figure 1.2: Determining what is real requires technical as well as clinical expertise.

  


  1.4 Optical artifacts


  Reverberation is caused by bodies of a bright nature with a flat and semi opaque surface which, when the light strikes upon them, throw it back again, like the rebound of a ball, to the former object. (The Notebooks of Leonardo Da Vinci, 1452-1529)


  The above quote is a testament to Leonardo Da Vinci’s astonishing insights into optical reverberation. While light and sound behave quite differently, there are a number of parallels between ultrasound imaging and photography which may help explain many acoustic concepts. Some examples of optical artifacts are included on the following pages.
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    Figure 1.3: Shadowing can be observed both in optical and acoustic images.

  


  Attenuation and scattering


  The photograph below was obtained in dense fog and the image of the building appears hazy. Light reflecting from the building is attenuated by the fog.


  Another principle that can be seen in this image is that of scatter. Each particle of fog scatters light in multiple directions. In ultrasound imaging, the vast
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  Chapter 15: Artifact Avoidance Strategies


  With all the vast range of greyscale artifacts, where does the sonographer even begin in the quest for artifact avoidance? This final chapter includes some basic strategies.


  Ultrasound is an interactive imaging modality. The quality of the examination is influenced by the expertise of the operator, their scanning technique, system settings and the quality of the system components.
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    Figure 15.1: The same gallbladder scanned from two different approaches using the same transducer and identical system settings yields dramatically different image quality. The image in the left frame is clear and conclusive. The image on the right is riddled with artifacts and is non-diagnostic.

  


  There is no magic strategy which will always reduce artifacts and improve image quality, however, there are several general rules which form a foundation of good ultrasound scanning:


  
    	Ultrasound machine: modern high-end ultrasound scanners always outperform low-end rivals and older machines. If you have a choice of systems to use, select a higher quality machine.


    	Transducer frequency: use the highest frequency transducer possible as long as penetration is adequate. Higher frequency transducers bring many benefits: high axial, lateral, slice thickness and contrast resolution, more directional beams with less divergence and usually higher element density. Many systems also offer frequency compounding options which are often advantageous.


    	Acoustic window: find a homogenous uniform acoustic window. Most body structures can be scanned from a variety of approaches. Dramatic improvements in image quality can be achieved by using favorable windows.


    	Angle of approach: tubular and striated structures (vessels, ducts, muscles, tendons, ligaments, foreign bodies, plastic lines, stents) as well as organ surfaces and tissue boundaries produce the best results when scanned at normal incidence (90 degree approach). Unfortunately a perpendicular approach promotes the formation of the reverberation artifact.


    	Focusing: focusing reduces beam dimensions and improves lateral resolution. Always set the focal position at the level of the region of interest. Multiple focal zones can be used, but at the expense of temporal resolution.


    	Gain and TGC: under most clinical imaging circumstances a slight reduction in gain will often improve contrast resolution.


    	Tissue harmonic imaging: harmonic imaging improves contrast resolution and reduces the majority of artifacts. The drawback is usually some tradeoff in axial resolution, penetration and temporal resolution.


    	Spatial image compounding: spatial image compounding reduces speckle and the majority of artifacts. It improves contrast resolution, border definition and general lesion conspicuity. The tradeoff is lower temporal resolution as well as reduction in some diagnostically useful imaging artifacts such as distal acoustic shadowing.


    	High definition zoom: also known as ‘write’ or ‘pre-processing’ zoom can substantially improve image quality, particularly lateral and temporal resolution. Enlargement of the region of interest is also helpful in assessing small structures.


    	Making wise use of other controls: a wide range of other system controls are at the disposal of the operator including: dynamic range, edge enhancement, greyscale maps, line density, persistence, reject level and others. While an adjustment of any one of these controls may bring a relatively modest benefit, simultaneous adjustments of multiple controls can have additive effect, leading to a dramatic improvement in the diagnostic quality of the image.
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    Figure 15.2 (a): In this example, a small isoechoic hemangioma was difficult to appreciate in the initial images.
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    Figure 15.2 (b): Adjustments in multiple system parameters were needed to reveal its presence.

  


  Ultimately, the skill and expertise of the operator has the greatest effect on the overall quality of the diagnostic ultrasound scan.


  As with other forms of professional endeavor, a great degree of experience is required to successfully perform ultrasound scans, avoid artifacts and interpret ultrasound images. What separates a good ultrasound practitioner from an expert is probably somewhere in the vicinity of 10,000 hours (Malcolm Gladwell, 2008).
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