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Preface


Sonography Scanning: Principles and Protocols came about as a result of my teaching, as well as practical scanning experience. During my 22 years as a sonographer—most of which I have spent as a clinical director and teaching in scanning labs as well as the hospital setting—I realized that sonographers needed a basic approach to the performance of scans, a pattern as well as a benchmark for their work. My purpose in writing this text is to provide a step-by-step method for scanning and image documentation for physician diagnostic interpretation. I hope this “how to” scanning approach takes the struggle out of scanning and ensures thoroughness and accuracy. The enumeration of scanning steps and required images for each examination promotes the establishment of standards and improves examination quality. The structure of this text should make it easy to read, simple to follow, and practical to use. The text begins with an introductory chapter that includes topics such as guidelines for the general use of the text, professional standards, clinical standards, case presentation, scanning prerequisites, image quality and labeling, and methods by which sonographic findings are described.

Subsequent sections cover technical parameters, including scanning planes and their anatomical interpretations and scanning methods, followed by a chapter devoted to the evaluation, documentation, and description of abnormal findings. Next, the scanning protocol chapters offer scanning protocols for the major blood vessels and organs of the abdomen (including full and limited studies), the male and female pelvic organs, and obstetrics. Scanning protocols for the scrotum, thyroid gland, breast, and neonatal brain are also included. The protocol chapters conclude with scanning protocols for vascular and cardiac studies.

Applicable protocols are patterned after the scanning guidelines of the American Institute of Ultrasound in Medicine, which, along with an abbreviation glossary, are included in the appendixes of the text. The scanning protocol chapters selectively address organ, vasculature, or fetal location, as well as anatomy, physiology, sonographic appearance, and normal variations. In addition, patient preparation, position, and breathing techniques are discussed. Steps are specified for transducer placement, surveys, and required images. Other features to assist the reader are illustrations for anatomy; patient positions; the placement of, position of, and direction to move the transducer; and illustrations of nearly all ultrasound images.

What’s New

The fourth edition has been completely redesigned to enhance readability by offering more images on each page and presenting the information in an attractive, 2-color design. We added pedagogy to each chapter, including learning objectives and key words as well as updated end-of-chapter review questions, to aid the reader’s understanding of the material. In addition, more than 300 new images have been included to demonstrate superior quality scans from the latest state-of-the-art ultrasound equipment. New transducer location drawings on images help the reader understand exactly where on the body to scan to produce a particular image. Also exclusive to this edition is a new chapter covering musculoskeletal protocols for those interested in this specialty.

Because the scanning methods under discussion are derived from the authors’ professional experiences, most chapters highlight the techniques that we have found to work best. However, the success of scanning depends on the skill of the individual; thus finding one’s personal approach to solving imaging problems is not only expected but inevitable. Therefore, in addition to our personal way of doing things, we discuss alternatives and encourage you to explore other approaches.

The text reflects the assumption that the reader has thorough knowledge of gross and sectional anatomy. An in-depth course in normal anatomy and sectional anatomy are key prerequisites for comprehending scanning techniques. As an overview, gross anatomy and reference illustrations are at the beginning of most protocol chapters.

The sonographer’s role in medicine is unique among those of other allied health professionals specializing in imaging modalities because sonographic image accuracy depends on the skill of the operator, not just the technical aspects of the machine. That single reason is sufficient to support the premise that scanning skills must equal the level of importance attached to a sonographer’s knowledge of physics, physiology, pathology, and anatomy. Currently, practical considerations prevent the American Registry of Diagnostic Medical Sonography from evaluating scanning ability. Therefore, feedback from sonography educators and sonologists and comparison of films with established guidelines and scanning protocols are vital to mastering the art of ultrasound scanning.

When performed at the highest level, the collective factors that define “sonographer” become an integral part of patient evaluation. It is my hope that this text provides the tools to facilitate scanning and documenting studies and, as a result, directly contributes to the achievement of excellence in the daily practice of ultrasound scanning.

Betty Bates Tempkin, BA, RT(R), RDMS
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Chapter 1

Guidelines

Betty Bates Tempkin



Objectives


At the end of this chapter, you will be able to:

• Define the key words.


• Name the prerequisites to use this text.


• Outline the clinical aspects of sonography.


• Apply the sonographic terms used to describe normal body structures.


• Distinguish the various patient positions used for scanning.


• Describe the required professional and clinical standards for sonographers.


• Employ the ergonomics associated with scanning.


• Summarize basic imaging criteria.


• List common requirements for image documentation.


• Prepare a study/case to an interpreting physician.


• Name the criteria for describing sonographic findings.


• Answer the review questions at the end of the chapter.






Key Words


Acoustic enhancement

Anechoic

Attenuate

Bull’s eye

Echogenic

Heterogenous

Homogeneous

Hyperechoic

Hypoechoic

Isosonic/isoechoic

Parenchyma

Scanning survey

Through transmission



How to Use This Text

• Know Gross and Sectional Anatomy. Structures are accurately identified on sonographic images by their location, not their sonographic appearance because it may be altered by pathology or other factors. Because sonography images the body in cross-sections (similar to CAT [computerized axial tomography] scan and MRI [magnetic resonance imaging] images), an in-depth course in gross and sectional anatomy should be a prerequisite to this text. Only as a reference, most chapters include brief sections on anatomy and physiology.


• Know the Normal Sonographic Appearance of Body Structures and the Terms Used to Describe Them. An understanding of the normal sonographic appearance provides the baseline against which to recognize variations and abnormalities. Normal structural characteristics vary in sonographic appearance as discussed in Table 1-1.


• Know the Different Patient Positions Used When Scanning. Using different patient positions is common practice and encouraged to achieve the best sonographic images. Utilize the various patient positions as illustrated in Figure 1-1.


• Learn Scanning Survey Steps. A scanning survey is a detailed inclusive observation. All ultrasound examinations should begin with a comprehensive scanning survey of the area of interest and adjacent structures in at least two scanning planes. Typically, no images are taken during a survey because that would interrupt the thorough and methodical investigation of the area(s) of interest and the ability to accurately detect any normal variations or abnormalities. It is becoming common practice in many institutions to use cine clips/videos during the survey to provide more data to the interpreting physician. All scanning protocol chapters illustrate and describe how to position a patient, manipulate the transducer, and how to thoroughly evaluate an area of interest before taking representative images. It can be helpful to practice these survey steps and transducer manipulations on yourself (with the machine off to comply with safety practices) or on scanning phantoms. In this text, the enumeration of survey steps makes scanning easier and ensures thoroughness and accuracy.


• Learn the Required Images. Using a scanning protocol and its required images is essential for methodical and organized documentation and for comparable studies. Follow a scanning protocol as you would follow steps in a recipe. In this text, the enumeration of required images for each examination promotes the establishment of standards and improves examination quality. Applicable protocols are patterned after the scanning guidelines of the American Institute of Ultrasound in Medicine.


Professional Standards

• Dress appropriately and always wear a personal identification badge.


• Introduce yourself to patients; put them at ease and make them as comfortable as possible.


• Make sure you have the correct patient; check identification bracelets (or patient numbers) against patient charts.


• Briefly explain the examination process to the patient and then offer to answer any questions. Speak in a slow, clear, and concise manner.


• It is standard practice to obtain a brief medical history from patients. Avoid using medical terms that a patient may not understand.





Table 1-1

Sonographic Appearance of Normal Body Structures and the Terms Used to Describe Them



	Structures
	Sonographic Appearance




	ORGAN PARENCHYMA
	
• Organ parenchyma (the bulk of tissue comprising an organ) is described in terms of echo texture.

• Described as having homogeneous (uniform composition throughout) echo texture with ranges in echogenicity (echoes produced by reflections of the sound beam) that are determined by a structure’s density, its distance from the sound beam, and the angle at which the beam strikes the structure.

• Example: Normal liver parenchyma may be described as homogeneous and moderately echogenic.

• The echogenicity of organ textures is often compared. Example: The liver appears isosonic/isoechoic (the same echogenicity) or slightly hyperechoic (echoes brighter than surrounding tissues) compared to renal parenchyma and slightly hypoechoic (echoes not as bright as surrounding tissues) compared with the pancreas.





	MUSCLES
	
• Described in terms of echo texture.

• Muscles often have slightly echogenic linear striations when viewed longitudinally.

• Generally, muscles appear hypoechoic compared to most solid body structures.





	PLACENTA
	
• Described in terms of echo texture.

• The echo texture of the placenta varies some throughout a pregnancy but it can generally be described as having homogeneous echo texture with moderate to high echogenicity by vascular components, giving the placenta a heterogeneous (mixed echo pattern) appearance.

• Later in pregnancy, the otherwise homogeneous texture may be interrupted by vascular components.

• Comparatively, the placenta is more echogenic or hyperechoic relative to the adjacent myometrium of the uterus.





	TISSUE
	
• Described in terms of echo texture.

• Described as having homogeneous echo texture with moderate echogenicity and strongly reflective borders.

• The easily distinguishable abdominopelvic subcutaneous tissue layers anterior to the abdominopelvic muscles are a good example.





	FLUID-FILLED STRUCTURES:
Blood vessels, ducts, umbilical cord, amniotic sac, brain ventricles, ovarian follicles, renal calyces, urine-filled urinary bladder, bile-filled gallbladder
	
• Described as having anechoic (echo free) lumens (or interiors) and highly echogenic or bright walls.

• They exhibit acoustic enhancement or through transmission (the area of increased echogenicity behind fluid-filled structures) of the sound beam, making them easy to distinguish sonographically.




	Table Continued
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	Structures
	Sonographic Appearance




	GASTROINTESTINAL (GI) TRACT
	
• Bowel wall is composed of five layers. The first, third, and fifth layers appear hyperechoic compared to the darker appearance of the second and fourth layers.

• The sonographic appearance of the GI tract lumen depends on its contents. Therefore, its appearance varies from anechoic (e.g., when fluid is present), to highly echogenic (e.g., gas, air, or collapsed lumen), to a complex or mixed appearance displaying anechoic portions (fluid) and echogenic portions (e.g., digested food, gas, air, or feces).

• All or individual portions of the GI tract may cast a posterior shadow depending on its air or gas content. Air and gas reflect the sound beam, preventing through transmission of the beam, thus creating a shadow.

• An empty collapsed bowel has a distinctive appearance called a “bull’s eye” due to the contrast between the highly echogenic collapsed lumen and the darker, barely echogenic walls.





	BONES, FAT, AIR, FISSURES, LIGAMENTS, DIAPHRAGM
	
• Described as highly echogenic (bright).

• The degree of echogenicity depends on the density of the structure, its distance from the sound beam, and the angle at which the beam strikes the structure.

• Because these structures either reflect or attenuate (absorb, impede, stop, decrease) the sound beam, they cast a posterior shadow and appear hyperechoic compared to adjacent structures.

• Note that the crura of the diaphragm may appear hypoechoic to adjacent structures.
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An understanding of the normal sonographic appearance of body structures provides the baseline against which to recognize variations and abnormalities.




• Practice courteous and respectful interaction with all patients and staff.


• Conversations around the area of patients and directly with patients should be proper and professional. Never talk about the sonographic findings or give a patient your opinion of the study results. Only physicians can legally render a diagnosis.



Clinical Standards

• Be familiar with your institution’s universal precautions protocol.


• Be familiar with isolation policies.


• Be familiar with sterile procedures.


• Be familiar with procedures to assist physicians with special studies.


• When required, assist the patient in dressing in a hospital gown.




[image: image]

Figure 1-1 Standard Patient Positions.

Different patient positions are used during an ultrasound examination depending on the area of interest being evaluated. The best patient position(s) is determined by what will produce the optimal view. It is standard practice to use different patient positions during a study to evaluate various structures. Note that any change in patient position must be noted on the images as part of standard labeling. The best patient position(s) should be established during the survey and ideally the same position should be used during image documentation. Occasionally, during image documentation of a particular structure, patient position must be changed to obtain a better image representation. If this occurs, the required images have to be retaken from the beginning of the series for that particular structure and the change in patient position must be noted on the images.




• When helping a patient into or out of a wheelchair, be certain that both brakes are locked and the leg and footrests are pushed out of the way.


• Assist the patient with any medical equipment attachments.


• Before a patient gets on or off the examination table or stretcher, make sure it is stationary with the brakes set.


• Have a handled step stool available for shorter patients or those who require more assistance.


• If the patient is already on a stretcher, avoid bumping into walls when wheeling the stretcher into the examination room. After the stretcher is situated, set the brakes.


• Drape the patient properly for the examination and make sure he or she is as comfortable as possible.


• Some transabdominal pelvic studies require the patient to have a full urinary bladder. This can cause the patient discomfort; therefore, every effort should be made to perform the study as quickly as possible.


• Invasive or endocavital studies require informing the patient about the details of the procedure and obtaining a signed informed consent before the procedure can take place. A family member or referring physician can grant permission if the patient is incapacitated.


• It is recommended that endocavital procedures be witnessed by another health care professional; the witness’s initials should be recorded on the images and on any permanent written record of the examination.


Ergonomics and Proper Use of Ultrasound Equipment

• Utilize proper body mechanics when moving patients, ultrasound equipment, stretchers, and wheelchairs.


• Use wedges and cushion blocks to assist in positioning the patient.


• Adjust equipment to user size, and have any accessories on hand before scanning.


• Scanning chairs should be ergonomically designed to maintain the sonographer’s proper posture and allow for easy movement. Many manufacturers currently offer these chairs.


• Chairs should be height adjustable and include an adjustable lumbar support to encourage an upright posture.


• Chairs should swivel, allowing easy rotation from patient to machine without affecting body alignment.


• Scanning tables should be specifically designed for the comfort of the patient as well as the sonographer’s use. They should have open access from all sides and be height adjustable.


• Transducers should be lightweight and balanced to reduce wrist torque.


• Transducers should be easily accessed.


• Transducer cables should be suitable in length for unrestricted use. Manufacturers now offer lightweight transducer cables and a smaller foot print for the transducer, easing strain on the sonographer’s hand and wrist. Some manufacturers even offer a wireless transducer for their equipment.


• Cable support devices should be utilized to reduce wrist and forearm torque.


• The monitor and control panel should be ergonomically designed so the height and tilt can be adjusted to accommodate standing or seated users.


Imaging Criteria

• Begin with a transducer best suited to the structure(s) of interest. Use real time, transabdominal or endocavital scanners with sector or curved linear transducers.


• Use a coupling agent such as gel to remove the air between the transducer and the surface of the patient’s skin.




• Patient comfort and the amount of transducer pressure exerted on the patient is an important consideration. Experiment by using different amounts of transducer pressure on your own skin surface.


• Perform comprehensive surveys. A scanning survey is a detailed inclusive observation. All ultrasound examinations should begin with a survey of the area of interest and adjacent structures in at least two scanning planes.


• No images are taken during the survey. This is the time to adjust technique, establish the best patient position(s) and breathing technique(s), thoroughly and methodically investigate the areas of interest, and rule out normal variants or abnormalities.


• Adjust the field size to best view the area of interest.


• Focus near and far gain settings to enhance visualization of the area of interest.


• Set contrast to delineate structures well from one another.


• Adjust gain settings so borders are well defined.


• Power settings should be low. Compensate with an adjusted time-gain compensation (TGC) slope.


• Avoid areas of fade-out whenever possible. Try increasing or adjusting the TGC slope or switch to a more powerful transducer.


• Each scanning protocol includes specific survey steps for the individual organ or structure. For the abdomen, when combined, these surveys comprise a complete abdominal survey. Typically, a survey of the entire abdomen begins with a survey of the aorta, followed by the inferior vena cava and liver, then the remaining abdominal organs and associated structures.


• If an abnormality is identified during the survey, it is surveyed in at least two scanning planes following completion of the general survey of the area(s) of interest.


Image Documentation Criteria


• The following information must be included on all documentation:



• Patient’s name and identification number.



• Date and time.



• Scanning site (name of hospital or private office).



• Name or initials of the person performing the scanning ultrasound examination.



• Endocavital studies should be witnessed by another health professional, and the witness’s name or initials should be included on documentation.



• Transducer megahertz.



• Area of interest: general area and specific area. Example: Aorta is the general area and the proximal aorta is the specific area.





• Patient position.



• Scanning plane.






• Film labeling should be confined to the margins surrounding the image. Never label over the image unless you take the very same image again without any labels. Labels could cover important diagnostic information for the interpreting physician.


• Use up-to-date, calibrated, ultrasound machinery.


• Documented areas of interest must be represented in at least two scanning planes. Single plane representation of a structure is not enough confirmation.


• Documented areas of interest must be imaged in a logical sequence. Follow imaging protocol examples. Note that cine clips of your real-time imaging may benefit the interpreting physician.


• Abnormalities are documented in at least two scanning planes following the general protocol images for a complete study of the area(s) of interest. Note that cine clips may be very useful to aid in the delineation of various abnormalities.


• Operator-dependent, real-time scanning makes it impractical to take ultrasound images every 1 or 2 cm through a structure. Therefore, fewer representative images are given to the physician for diagnostic interpretation. The images are a small representation of the whole, a small sample that must accurately represent the findings determined during the survey. Note that cine clips/video may help the physician interpret your real-time scanning.


Case Presentation

• Case presentation is the method of presenting the images and related details of a study to the interpreting physician.


• State the examination and the reason for it.


• Present the patient history.


• Relate the patient’s laboratory test results and any other known correlative information such as reports and films from other imaging modality studies.


• Present the documentation in the sequence it was taken.


• Be able to discuss and justify the techniques and procedures used.


• Be able to describe the ultrasound findings using appropriate sonographic terminology.


Describing Sonographic Findings

• After a study is completed, some institutions require sonographers to provide a technical observation, a written summary of the ultrasound findings that accompany the images. Written documentation of any type almost always becomes part of a patient’s medical record. For this reason, the sonographer’s technical impression should be documented in such a way as not to be legally compromising. In other words, sonographers should never provide interpretive results or diagnoses. That would not only be unjustified (according to a sonographer’s level of education, training, and experience) it would be potentially legally compromising. Only physicians are justified (according to their level of education, training, and experience) to render diagnoses.



• Writing or describing technical observations requires restraint and the careful selection of appropriate terminology. Technical observations should be confined to descriptions of the ultrasound findings based on echo pattern and size. The origin (or location), number, composition, and any complications associated with adjacent structures are also included for descriptions of abnormal findings (see Chapter 3 for examples).


• It is important to note that if a sonographer fails to mention an abnormality in his or her technical observation but demonstrates the abnormality on the images, he or she has performed within the legal guidelines of the scope of the practice for diagnostic medical sonographers.




Review Questions



Answers on page 628.


1. Structures are accurately identified on ultrasound images by


a) scanning plane interpretation.


b) their sonographic appearance.


c) two dimensional cross-sections.


d) their location.







2. Organ parenchyma is described in terms of


a) echo texture.


b) sonographic characteristics.


c) reflections.


d) location.







3. When an organ is described as hypoechoic to another organ it means the hypoechoic organ appears


a) brighter relative to the other.


b) less echogenic relative to the other.


c) visualized inferior to the other.


d) visualized posterior to the other.







4. Degrees of echogenicity depend on


a) a structure’s shape and how far it is from the sound beam.


b) a structure’s density, attenuation factor, and shape.


c) the angle at which the beam strikes a structure, its density, and shape.


d) a structure’s density, distance from the sound beam, and the angle at which the beam strikes it.









5. For a structure to exhibit acoustic enhancement it must


a) have a high attenuation rate.


b) be a blood vessel or duct.


c) be fluid filled.


d) have a high impedance factor.







6. Structures that cast a shadow


a) either reflect or attenuate the sound beam.


b) let the sound beam pass through.


c) are always posterior to adjacent structures.


d) exhibit acoustic posterior through enhancement.







7. The sonographic appearance of the kidneys is described as heterogeneous. Renal cortex, however, is described as


a) hypoechoic.


b) homogeneous.


c) anechoic.


d) hyperechoic.







8. The sonographic appearance of the gastrointestinal tract lumen


a) is a distinctive “bull’s eye” appearance.


b) is dependent on its contents.


c) is hypoechoic relative to its walls.


d) is highly reflective.







9. Documented areas of interest


a) must be represented in single scanning planes.


b) must cover every 2 cm of a structure.


c) must be represented in at least two scanning planes.


d) must include survey images.







10. If a patient asks a sonographer questions regarding their study, the sonographer should


a) give them their opinion then explain that the physician makes the final diagnosis.


b) confine their remarks to either “normal” or “abnormal.”


c) explain to the patient that they will have to wait for the physician’s diagnosis.


d) provide them with a copy of their technical observation.







11. If the liver appears isosonic compared to the right kidney, it is described as


a) heterogeneous.


b) having different echogenicities.


c) having the same echogenicity.


d) appearing brighter.







12. If the spleen is described as having uniform composition throughout, it appears


a) heterogeneous.


b) complex.


c) diffuse.


d) homogeneous.









13. If the pancreas appears hyperechoic compared to the liver, it is described as


a) heterogeneous.


b) having different echogenicities.


c) having the same echogenicity.


d) appearing brighter.







14. A scanning survey is


a) the time to take the required images.


b) the sonographic term for measurements.


c) a detailed inclusive observation.


d) only performed in the abdomen.







15. Abnormal findings/pathology should be described according to


a) size only.


b) echo pattern, size, origin, number, composition, and any complications associated with adjacent structures.


c) echogenicity, number, and size.


d) echo pattern only.











Chapter 2

Scanning Planes and Scanning Methods

Betty Bates Tempkin



Objectives


At the end of this chapter, you will be able to:

• Define the key words.


• Explain the way ultrasound uses body/scanning planes to image the body.


• Differentiate between scanning planes and views/sections.


• Interpret scanning planes.


• Apply scanning methods and manipulate the transducer.


• Produce accurate measurements.


• Identify surface landmarks.


• Answer the review questions at the end of the chapter.






Key Words


Angle of incidence

Axial views

Coronal planes

Focal zone

Long axis

Longitudinal views

Measure

Obliqued Orientation

Positional orientation

Pressure

Sagittal planes

Short axis

Transverse planes



Scanning Planes Defined

The scanning planes used in sonography are the same as anatomic body planes. Their interpretations depend on the location of the transducer and the sound wave approach (where the sound waves enter the body).


• Ultrasound scanning planes are:



• Sagittal Planes: The mid or median sagittal plane divides the body into equal right and left sections. Parasagittal planes are to the right or left of midline and divide the body into unequal right and left sections. For this book’s purpose, unless “mid” or “median” sagittal plane is specified, the term “sagittal” implies a parasagittal plane (Figure 2-1).



• Transverse Planes: Divide the body into unequal superior and inferior sections (Figure 2-1).



• Coronal Planes: Divide the body into unequal anterior and posterior sections (Figure 2-1).








[image: image]

Figure 2-1 Scanning Planes.




• Scanning planes are used to establish the direction that the ultrasound beam enters the body and the anatomic portion of anatomy being visualized from that particular direction.


• Scanning planes are often obliqued (slanted; angled) by very slightly twisting/rotating the transducer. The degree of the oblique is determined by how the structure of interest lies in the body. Most body structures lie at a slight angle; they usually do not lie in a straight line up and down or straight across the body. The oblique scanning plane affords visualization of the greatest margins of a structure.


• Scanning planes provide two-dimensional ultrasound images.


• Body structures are generally viewed longitudinally and axially. Longitudinal views show a structure’s length and depth. Axial views show width and depth. Do not confuse scanning planes with views. For example, “transverse” is not a view, it is a scanning plane.


Scanning Planes Interpreted

Sagittal Scanning Plane

Scanning in sagittal planes means that the ultrasound beam is entering the body from either an anterior or posterior direction and that the anatomic portion of body structures being visualized from that particular direction are:

• Anterior


• Posterior


• Superior


• Inferior






[image: image]




Note

Right and left lateral are not seen on a sagittal scan; therefore, the transducer must be moved to either the right or left of a sagittal plane to visualize adjacent anatomy.





[image: image]




[image: image]








Transverse Scanning Plane

Scanning in transverse planes means that the ultrasound beam is entering the body from either an anterior, posterior, or lateral direction and that the anatomic portion of body structures being visualized from that particular direction are:


• Beam entering from an anterior or posterior direction:



• Anterior



• Posterior



• Right lateral



• Left lateral
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• Beam entering from a right or left lateral direction:



• Lateral (right or left)



• Medial



• Anterior



• Posterior
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Note

Superior and inferior are not seen on a transverse scan; therefore, the transducer must be moved either superiorly or inferiorly from a transverse plane to visualize adjacent anatomy.
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Coronal Scanning Plane

Scanning in coronal planes means that the ultrasound beam is entering the body from either a right or left lateral direction and that the anatomic portion of body structures being visualized from that particular direction are:

• Lateral (right or left)


• Medial


• Superior



• Inferior

[image: image]




Note

Anterior and posterior are not seen on a coronal scan; therefore, the transducer must be moved either anteriorly or posteriorly from a coronal plane to visualize adjacent anatomy.
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Scanning Methods

Note

The primary role of a sonographer is to provide interpretable images for diagnosis by a physician. This goal is totally dependent on the skill of the operator. Becoming an accomplished sonographer happens with practice and the development of good scanning methods.





Transducers

• Much has been accomplished with regard to the various types and designs of transducers used in diagnostic ultrasound. The new types and styles offer better penetration, better resolution, and better frame rates. Also, ergonomically designed transducers assist the sonographer in producing optimal images and providing enhanced patient care.


• Transducers come in a variety of shapes and sizes. The shape of the transducer determines the field of view, and the frequency (MHz) of the sound waves emitted determines how deep the sound waves penetrate and affects the clarity of the image.


• The depth of the structure being imaged ultimately determines which transducer should be used. Low frequency transducers have the most penetration whereas high frequency transducers have less penetration and are used for more superficial structures.





• Conventional diagnostic ultrasound transducers include:



• Curved array: 10-4, 8-5, 5-2, 5-1 MHz. Typically used for abdominal, obstetric and gynecological imaging.



• Sector array: 12-4, 5-1, 4-1 MHz. Generally used for intercostal scanning.



• Linear array: 18-5, 12-5, 9-3, 8-4 MHz. Typically used for small or superficial structures and extremity Doppler.



• Endocavital: 10-3, 9-5, 8-5 MHz. Used for endovaginal and endorectal imaging.



• TEE: 7-3 MHz. Used for transesophageal echocardiography.



• Hockey stick: 12.5 MHz. Intraoperative imaging.



• 3D: 7-3 MHz. Three dimensional imaging.






• All transducers have a focal zone; an area where the sound beam is narrow and imaging is at its best. A transducer’s focal zone is usually indicated by a small triangle just to the right of the image. When scanning, every effort should be made to position the area(s) of interest in that focused area to obtain the best images.


How to Use the Transducer

• Scanning should be a series of fluid motions. Practice rocking and sliding the transducer to scan through body structures.


• Transducers can be easily manipulated into different positions which provide you with multiple options for thoroughly evaluating an area(s) of interest and obtaining the best images (Figure 2-2).


• The angle of incidence, or the angle at which the sound beam strikes the surface of a structure, affects the image. When the transducer/sound beam angle is perpendicular, more sound waves are reflected back, fewer are lost or scattered, and the result is a better, more accurate image.


• Applying the correct amount of pressure with the transducer can improve image quality. Typically, pressure should be applied evenly and lightly but in some cases, more pressure is applied to reach the focal zone or compress a vein. Experiment with using more or less scanning gel as it affects the pressure as well. Note that the pressure should never cause discomfort to the patient.


• Positional orientation of the transducer verifies the scanning plane. In most cases, the manufacturer of the transducer sets the positional orientation. Sagittal scanning plane orientation, for example, is usually indicated by a notch or raised portion on the top surface of the transducer. Once the transducer orientation is established, the scanning plane can be changed by rotating the transducer 90 degrees.






[image: image]

Figure 2-2 Transducer Positions and Motions.

Transducers can be easily manipulated into different positions and motions for optimal imaging. They include the following: A, Perpendicular, B, Rotating, C, Angled, D, Subcostal, E, Intercostal, F, Sliding.




How to Take Accurate Images and Measurements


• Scan according to how a structure is oriented or how it lies within the body. The orientation, or lie, is determined by the length or long axis (maximum length) of a structure. The long axis of a structure can be seen in any scanning plane depending on how that structure lies in the body. For example:



• The pancreas lies from right to left, across the body, at a slight angle; therefore its long axis is seen in a transverse oblique scanning plane (Figure 2-3). Oblique the scanning plane by holding the transducer perpendicular and very slowly, slightly rotate it one way then the other until the required degree of oblique is achieved.




[image: image]
Figure 2-3 Pancreas long axis would be seen in a transverse oblique scanning plane. The sonographer can resolve the long axis by slightly rotating the transducer and scanning through the pancreas until the long axis is resolved, as demonstrated in this figure.



[image: image]
Figure 2-4 Right kidney long axis would be seen in a sagittal oblique scanning plane. Notice how the long axis is resolved by slightly rotating the transducer.




• In a true sagittal plane a kidney cannot be viewed in its entirety because the kidneys are positioned at an angle in the body. Therefore, the sagittal plane must be at an oblique to match that angle (Figure 2-4). Oblique the scanning plane by holding the transducer perpendicular and very slowly, slightly rotate it one way then the other until the required degree of oblique is achieved.




[image: image]
Figure 2-5 The orientation (longitudinal lie/long axis) of the gallbladder (GB) is variable because it is suspended by a long mesentery and can lie in different locations throughout the abdomen. As illustrated in the figures, once the orientation is determined, the sonographer can slightly rotate the transducer, scanning through and evaluating the GB, until the long axis is established. A, GB long axis will be seen in a sagittal oblique plane. B, GB long axis will be visualized in a transverse oblique plane. C, GB long axis will be seen in a coronal longitudinal plane.




• The long axis of the gallbladder can be seen in any of the three scanning planes because of its variable position in the body (Figure 2-5). Once the orientation of the gallbladder has been determined oblique the scanning plane by holding the transducer perpendicular and very slowly, slightly rotate it one way then the other until the required degree of oblique is achieved.






• From the long axis scanning plane, slowly rotate the transducer 90 degrees into the short axis plane for anteroposterior views and width measurements, which are taken at a structure’s widest margins.


• To accurately measure structures, begin by scanning as perpendicular to the structure as possible for the truest representation of its size. As previously discussed, if the sound beam is not perpendicular to the structure, the size of the structure is distorted on the image. The degree of distortion depends on the degree of the angle of the sound beam (or the angle of incidence).



• Typical measurements are calculated in volumes based on:


L × W × AP = Volume

[image: image]







L represents length, W is width, and AP is the anteroposterior dimension.

Surface Landmarks


• The following surface landmarks are used as references when scanning:

[image: image]













Review Questions



Answers on page 628.

1. Coronal planes divide the body into unequal _________ and _________ sections.



2. When scanning in a coronal plane, the ultrasound beam enters the body from


a) either an anterior or posterior direction.


b) a posterior direction.


c) a medial direction.


d) either a right or left lateral direction.






3. Transverse planes divide the body into unequal _______and _______ sections.



4. When scanning in a transverse plane, the ultrasound beam enters the body from


a) either an anterior, posterior, right lateral, or left lateral direction.


b) either an anterior or posterior direction.


c) a right or left lateral direction.


d) either an anterior, posterior, or medial direction.






5. Sagittal planes divide the body into unequal _________ and ________ sections.



6. When scanning in a sagittal plane, the ultrasound beam enters the body from


a) either an anterior or posterior direction.


b) either an anterior, posterior, right lateral, or left lateral direction.


c) either an anterior, posterior, or medial direction.


d) either a right or left lateral direction.






7. Scanning planes are _____ dimensional.



8. The anatomic area(s) not seen in a coronal plane


a) are lateral and medial.


b) is superior.


c) are anterior and posterior.


d) is inferior.







9. The anatomic area(s) not seen in a transverse plane


a) are lateral and medial.


b) is medial.


c) are superior and inferior.


d) are anterior and posterior.







10. The anatomic area(s) not seen in a sagittal plane


a) is posterior.


b) is lateral.


c) are superior and inferior.


d) are anterior and posterior.






11. Scanning planes are often obliqued (by very slightly twisting the transducer). The degree of the oblique is determined by ___________________________________________________.




12. The oblique scanning plane affords visualization of the _____________________________.


13. The ___________ of the structure being imaged ultimately determines which transducer should be used.


14. When scanning, every effort should be made to position the area(s) of interest in the transducer’s ________________________ to obtain the best images.
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Chapter 3

Scanning Protocol for Abnormal Findings/Pathology

Betty Bates Tempkin



Objectives


At the end of this chapter, you will be able to:

• Define the key words.


• Recognize the classic sonographic appearances of abnormal findings and pathology and the sonographic terms used to describe them.


• Relate pathologic sonographic findings to interpreting physicians in an accurate and professional manner.


• Explain the universal scanning protocol for documenting abnormal sonographic findings/pathology regardless of the type.


• Answer the review questions at the end of the chapter.






Key Words


Ascites

Calculi

Complex (mass)

Cystic (mass)

Diffuse disease

Extraorgan features

Focal diffuse disease

Heterogeneous

Homogeneous

Infiltrative diffuse disease

Intraorgan features

Localized disease

Mass

Necrosis

Origin

Septations

Solid (mass)

True cyst



Criteria for Evaluating Abnormal Findings/Pathology

Once a sonographer becomes practiced at recognizing the echo patterns of normal anatomy, it stands to reason that any change in that normal appearance would suggest an abnormality is present. Even if a sonographer does not know what the change or deviation in the normal echo pattern is caused by, recognizing it as a deviation is what is most important.


• During an ultrasound scan:



• Differentiate abnormal echo patterns from normal echo patterns.




• Document any differences in echo pattern appearance.

Note

While you are scanning, experiment using different amounts of transducer pressure (keeping patient comfort in mind) to improve imaging.


[image: image]

Figure 3-1 Infiltrative Diffuse Disease.

When diffuse disease is infiltrative it spreads throughout an entire organ. Depending on the progression of the disease, changes in the appearance of the organ’s parenchyma range from subtle to severe. In this case, the liver was obviously enlarged and there were subtle changes in the appearance of the parenchyma.















• After the scan:


• Describe any difference in echo pattern appearance using sonographic terminology to provide the interpreting physician with the comprehensive details of the study.





• All pathology visualized by ultrasound in some way disrupts the normal echo pattern of the organ or structure involved and may also alter its shape, size, contour, position, or textural appearance.




• Key findings can be used to help detect parenchymal changes of an organ. When the normal homogeneous (uniform) texture of organ parenchyma is interrupted by disease, the parenchyma assumes an irregular or heterogeneous pattern. The changes may be diffuse disease—either infiltrative throughout the organ or focal in a specific area; or the changes may be localized disease, consisting of single or multiple masses. 




• Infiltrative diffuse disease:



▪ Spreads throughout an entire organ.


▪ May appear subtle to very obvious depending on the severity and progression of the disease. Look for characteristic changes in overall organ echo texture, size, shape, and position, and any associated complications with adjacent structures (Figure 3-1). With advanced diffuse disease, the appearance of the parenchyma may also be interrupted with multiple necrotic or blood filled spaces. Each diffuse disease has its own distinctive criteria that may include all or only some of these characteristics.








• Focal diffuse disease:


▪ Look for isolated areas with a change in organ echo texture, size, and possible displacement of adjacent structures (Figure 3-2).







[image: image]

Figure 3-2 Focal Diffuse Disease.

This image shows how focal diffuse disease disrupts the normal appearance of organ parenchyma. Observe the multiple lesions. Notice how the size of the liver appears enlarged, displacing the right kidney posteriorly.






• Localized disease (masses):


▪ Look for a mass or multiple masses, which are circumscribed to a specific area. A mass may be classified according to its composition as solid (all tissue), cystic (fluid filled), or complex (tissue and fluid) (Figure 3-3).









• Certain disease processes are accompanied by the formation of calculi, which interrupt the normal appearance of an organ. Typically, calculi or “stones” are distinguished by the fact that they impede (reflect, absorb, stop, decrease) sound waves, creating an echogenic or bright anterior surface and dark to anechoic posterior shadow (Figure 3-4). These acoustic shadows usually have sharp, well-defined edges.


• Some abnormalities are a result of obstruction due to calculi, disease, or compromise from an adjacent enlarged organ or mass. All of these present sonographically as deviations from the normal appearance and size of the structure(s) they are associated with (Figure 3-5).


• Abnormalities such as vascular aneurysms are due to a break down or weakening of structure, which present sonographically as deviations from the normal appearance and size (Figure 3-6).


• There are certain body structures such as lymph nodes that are generally not appreciated sonographically unless they are abnormal (Figure 3-7).


Criteria for Documenting Abnormal Findings/Pathology

• Pathology must be surveyed in at least two scanning planes following the survey of the primary area(s) of interest. This is not to say that the abnormality is not evaluated as the area of interest is evaluated, but it ensures that a total evaluation is made of a structure, not just its abnormal part.
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Figure 3-3 Types of Masses.

A mass is classified according to its composition; solid, cystic, complex. A, This is a solid, echogenic mass in the liver (noted by arrows). It appears hyperechoic relative to the surrounding liver. Notice how the mass is circumscribed to a specific area. B, This is cystic mass (noted by the measurement calipers). It appears specific to one area and is primarily anechoic with echogenic internal debris. Note the increased posterior through transmission indicating fluid. C, This is a complex mass (noted by arrows). It appears confined to one area and heterogeneous; composed of echogenic, solid portions and anechoic, cystic portions (indicated by increased posterior through transmission).




• Image documentation must be in at least two scanning planes. Single-plane representation of an abnormality is not enough confirmation.



• Image documentation must include a volume measurement of an abnormality. Volume measurements: L × W × AP = V (length × width × the anteroposterior dimension).



• Careful placement of measurement calipers at the leading margins of an abnormality provides accurate dimensions.
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Figure 3-4 Calculi.

Typically, calculi or “stones” are distinguished by the fact that they impede (reflect, absorb, stop, decrease) sound waves This creates a bright anterior surface and dark to anechoic posterior shadow. Note the well-defined, sharp edges of the shadows.
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Figure 3-5 Obstruction.

Some abnormalities are a result of obstruction due to calculi (stone), disease, or compromise from an adjacent enlarged organ or mass. In this case, a stone within the common bile duct (CBD) is obstructing the flow of bile; consequently, the proximal portion of the CBD is dilated. (Courtesy Adrian Goudie, MD, Ultrasoundvillage.com.)
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Figure 3-6 Breakdown.

Some abnormalities, such as the aortic aneurysm seen in this image, are due to a break down or weakening of structure. (Courtesy Dr. T.S.A. Geertsma, Ziekenhuis Gelderse Vallei, Ede, The Netherlands.)
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Figure 3-7 Lymph Nodes.

This image highlights a lymph node (arrow); typically, they are not appreciated sonographically unless they are abnormal.





• When multiple masses are present and can be differentiated from each other, they should be measured individually.






• Image documentation must include views of the abnormality with high- and low-gain settings in at least two scanning planes to resolve the composition.


• Remember, you can document an abnormality without knowing what it is. It is not necessary to be familiar with specific diseases and abnormalities to document them sonographically. A sonographer benefits, however, from having a broader knowledge of specific abnormalities and pathologic processes. The goal is to provide the physician with interpretable images.


• The required images are a small representation of what a sonographer visualizes during a study. Therefore, the images should provide the interpreting physician with the most telling and technically accurate information available.



Criteria for Describing the Sonographic Appearance of Abnormal Findings/Pathology

• The purpose of learning how to accurately and appropriately describe the sonographic appearance of pathology is essential to staying within the scope of a sonographer’s legal parameters. This need arises with the understanding that physicians exclusively render diagnoses.


• You can document and describe an abnormality without knowing what it is. From the examples in this section, you will see that it is not necessary to be familiar with specific diseases and abnormalities to describe them sonographically. A sonographer benefits, however, from having a broader knowledge of specific abnormalities and pathologic processes.



• While the findings in the next image are typical of diffuse liver disease/cirrhosis, an example of how a sonographer should describe the findings is:

[image: image]




”Enlarged right lobe of the liver, visualization of intrahepatic vessels is markedly decreased. Ascites noted anteriorly and inferiorly.”





• One example of focal disease is pancreatitis which causes focal enlargement of the head of the pancreas. Pressure from the enlarged head can obstruct, constrict, or dilate the common bile duct. In some cases, the duodenum becomes obstructed as well. While the findings in the following image are consistent with pancreatitis, an example of how a sonographer should describe the findings is:

[image: image]




“Pancreas appears heterogeneous. Head appears focally enlarged. Irregular contour of the head is noted. The inferior vena cava and left renal vein appear compressed posteriorly by the head. The distal portion of the left renal vein appears dilated. The common bile duct, gastroduodenal artery, and duodenum are not visualized.”









• Masses should be described according to origin, size, composition, number, and any associated complications with adjacent structures or body system.




• Masses are generally distinctive in appearance and unless very small, they are readily identified. In some cases, the organ or structure that a mass arises from is obvious; in others, it can be challenging to resolve depending on the size and because of the close proximity of body structures. When determining the origin (location of origination) it may be helpful to classify a mass as intraorgan or extraorgan:



▪ Intraorgan features to look for are:


▪ Disruption of the normal internal architecture


▪ External bulging of organ capsules


▪ Displacement or shift of adjacent structures







▪ Extraorgan features include:


▪ Displacement of other organs and structures


▪ Obstruction of other organs or structures from view


▪ Internal invagination of organ capsules


▪ Discontinuity of organ capsules






▪ Large masses usually present the greatest challenge when you’re trying to determine their origin especially if their size obstructs the organ or structure they arise from and also if adjacent organs or structures are involved (Figure 3-8).


▪ In some cases the exact origin of an abnormality cannot be sonographically distinguished so the location or site is described by structures immediately adjacent to the abnormality.
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Figure 3-8 Determining the Origin of a Large Mass.

In some cases, determining the origin of a mass can be challenging especially if the mass is large. In this image the liver (L) appears to be being pushed anteriorly by a large extrahepatic, right upper quadrant mass. The kidney (KID) appears to be compromised by the mass and the adrenal gland is not visualized. A conclusive determination cannot be made from this single view, therefore the mass could be either renal or adrenal in origin.









• The size of a mass must be documented with a volume measurement. As previously discussed, volume measurements are L × W × AP = V (length × width × the anteroposterior dimension).




• Sonography cannot definitively distinguish between malignant and benign masses. However, providing the interpreting physician with ultrasound images of the correct composition of an abnormality can help to increase the percentage of correct diagnoses made before biopsies or surgery. Composition is determined by evaluating a mass or masses at high- and low-gain technical settings. This technical range should demonstrate any variations in echodensities.


▪ Solid masses: are described in terms of echo texture. The level of echogenicity and appearance of tissue texture depend on what type of localized disease is present, the degree of its echodensity, and its effect on internal architecture. The sonographic appearance of solid masses is variable. They can appear isosonic/isoechoic to the organ parenchyma they are part of, distinguishable only by its walls or they can appear anechoic, homogeneous, or heterogeneous with low, moderate, or highly reflective echo textures. Vascular, interstitial, and collagen components, and the presence of any necrosis (breakdown) can influence the appearance of solid or soft tissue masses. In some cases, the walls may be poorly defined and the contour can appear irregular.



▪ Although a conclusive determination cannot be made from a single image, it is highly probable that the solid mass (SOL) in this image is adrenal in origin and obstructing the view of the small adrenal gland. LIV, liver; R KID, right kidney; SOL, space occupying lesion; DIAPH, diaphragm. A sonographer should describe this image as:
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“Extrahepatic right upper quadrant mass pushing the liver superiorly and the kidney inferiorly. Mass appears solid, heterogeneous, and hyperechoic compared to the liver and kidney. Contour is primarily smooth. There are no visible calcifications. The kidney appears separate from the mass. The adrenal gland is not visualized.”







▪ Cystic masses: are described as being either a true cyst or cystic in nature. To be considered a true cyst the mass in question must meet 3 sonographic criteria:


1. It must not contain internal echoes; it must appear anechoic. In some cases, it is normal to visualize “cystic noise” or low level echoes near the anterior wall of the mass, however, echoes never occur in the posterior portion of a true cyst.


2. The walls of the cyst must be well-defined, thin, and smooth.


3. The mass must exhibit posterior through transmission.







▪ A sonographer should describe the following image of a true cyst as:
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“Anechoic liver mass with well-defined, thin, smooth walls. Increased posterior through transmission present. 2.5 cm anteroposteriorly, 2.5 cm wide.”





▪ If one of the three criteria is not met, the mass is not a true cyst. A mass that meets one or more of these criteria is said to be cystic in nature as seen in the next image showing an abnormal fluid collection (ascites) in the pancreas. A sonographer should describe these findings as:
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“Anechoic mass in the head of the pancreas (between measurement calipers). Echogenic debris noted in the posterior portion of the mass. Walls appear thick and irregular. Increased posterior through transmission present (arrow). 2 cm anteroposteriorly, 1.8 cm wide.” (Courtesy Koenraad Mortelé, MD, Beth Israel Deaconess Medical Center, Boston, Mass.)





▪ Some cystic masses contain single or multiple septations: thin, bright, membranous inclusions as demonstrated in the following image. A sonographer should describe the findings as:
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“Primarily cystic ovarian mass with smooth borders and increased posterior through transmission. Contains bright, thin inclusions and low level echoes posteriorly.”








▪ Complex masses: a mass containing fluid and solid components is described as complex. Complex masses may be primarily cystic or primarily solid. Wall appearance of a complex mass is variable, from well-defined and smooth to poorly defined and irregular. Note that the internal composition of a mass may change with time. An example is a solid mass, which degenerates (necrosis). This process usually means that the solid mass begins to liquefy and thereby assume a complex appearance.



▪ This image of a complex mass should be described by a sonographer as:
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“Primarily solid, heterogeneous, complex mass in the right lobe of the thyroid gland. Anechoic areas noted in the posterior portion of the mass. Very small bright areas noted throughout. No shadowing is present. Walls appear smooth but uneven.











Required Images for Abnormal Findings/Pathology

Note

The required images of pathology should always follow the standard protocol images for the specified study.






1. Longitudinal image of the pathology with measurement from the most superior to most inferior margin.



Labeled: “ORGAN” or “SITE LOCATION” and “SCANNING PLANE”


Note

In cases where the origin of an abnormality cannot be determined, adjacent structures must be noted for a site location. Look for bright, echogenic interfaces where fat separates adjacent structures.













2. Same image and labeling as number 1, without calipers.


Note

Use the same “frozen” image as used for Number 1, just remove the measurement calipers because they could possibly cover significant diagnostic information for the interpreting physician.








3. Axial image with measurements from the most anterior to most posterior margin and from the most lateral to lateral or lateral to medial margin.


Labeled: “ORGAN” or “SITE LOCATION” and “SCANNING PLANE”






4. Same image and labeling as number 3, without calipers.




5. Longitudinal image with high gain technique.

Labeled: “ORGAN” or “SITE LOCATION,” “SCANNING PLANE,” “HIGH GAIN”







6. Axial image with high gain technique.


Labeled: “ORGAN” or “SITE LOCATION,” “SCANNING PLANE,” “HIGH GAIN”







7. Longitudinal image with low gain technique.


Labeled: “ORGAN” or “SITE LOCATION,” “SCANNING PLANE,” “LOW GAIN”







8. Axial image with low gain technique.


Labeled: “ORGAN” or “SITE LOCATION,” “SCANNING PLANE,” “LOW GAIN”




Note

Depending on the size and complexity, additional images may be necessary to document the full extent of the abnormality. These additional views must be documented in at least two scanning planes.









Review Questions



Answers on page 628.


1. The required images for abnormal sonographic findings are


a) organ specific.


b) the same for all abnormalities, no matter the type.


c) taken in place of standard protocol images of the area of interest.


d) single plane representations.









2. Diffuse changes in the appearance of organ parenchyma can be classified as


a) hyperechoic and hypoechoic.


b) infiltrative and focal.


c) diffuse and localized.


d) single or multiple masses.







3. A mass should always be described as


a) diffuse disease.


b) either solid or complex.


c) either solid, cystic, or complex.


d) heterogeneous.







4. Focal disease is


a) in a specific area.


b) spreads throughout an entire organ.


c) anechoic.


d) localized.







5. Localized disease represents


a) diffuse disease.


b) single or multiple masses.


c) infiltrative disease.


d) organ displacement.







6. To be classified a true cyst, a mass must


a) appear anechoic, exhibit increased posterior acoustic enhancement, and have well-defined thick walls.


b) appear echo free with well-defined, smooth, thin walls and exhibit internal “cystic noise.”


c) appear anechoic, exhibit posterior “cystic noise”, and have well-defined, smooth walls.


d) appear echo free with well-defined, smooth, thin walls, and exhibit increased posterior acoustic enhancement.







7. A complex mass


a) is primarily cystic in nature.


b) appears uniform and well-defined.


c) has a high echodensity.


d) is solid and liquid.







8. Intraorgan features of a mass include


a) shift of adjacent structures, disruption of normal internal architecture, internal invagination of vasculature.


b) obstruction of other organs or structures from view, disruption of normal internal architecture, discontinuity of organ capsules.


c) shift of adjacent structures, disruption of normal internal architecture, external bulging of organ capsules.


d) displacement of other organs and structures, obstruction of other organs or structures from view, internal invagination of organ capsules.









9. Composition of an abnormality is resolved


a) by determining wall thickness, and echodensity.


b) at high gain technical settings.


c) by the amount of high-and low-gain technique required to visualize wall thickness.


d) through a range of high- and low-gain technical settings.







10. Masses should be described according to

1) _________, 2) _________, 3)__________, 4) _________, and 5) _________.






11. Describe the following:
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_________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________









12. Describe the findings in this image:

[image: image]





_________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________







13. Describe the findings in this image:

[image: image]
 (Courtesy Hitachi Aloka Medical, Ltd.)




_________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________









14. Describe the findings in this image:

[image: image]
 (Courtesy J Anthony Parker, MD, PhD, Joint Program in Nuclear Medicine, Harvard Medical School.)




_________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________







15. Describe the following:

[image: image]





_________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________

    _________________________________________________________________________________________________________________________________________________________________________________________________________
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Chapter 4

Abdominal Aorta Scanning Protocol

Betty Bates Tempkin



Objectives


At the end of this chapter, you will be able to:

• Define the key words.


• Identify the sonographic appearance of the aorta, its branches, and the terms used to describe them.


• List the transducer options for scanning the aorta.


• Name the various suggested breathing techniques for patients when scanning the aorta.


• Identify suggested patient position (and options) when scanning the aorta.


• Describe patient prep for an abdominal aorta study.


• Describe the survey steps and how to evaluate the entire length, width, and depth of the aorta and its branches.


• Identify the order and exact locations to take representative images of the aorta.


• Describe normal variations of the abdominal aorta.


• Answer the review questions at the end of the chapter.






Key Words


Abdominal aorta

Adventitia

Celiac artery (CA)

Common hepatic artery

Common iliac arteries

Gastric artery

Inferior mesenteric artery (IMA)

Intima

Left renal artery (LRA)

Media

Proximal

Retroperitoneum

Right renal artery (RRA)

Splenic artery

Superior mesenteric artery (SMA)

Thoracic aorta

Tortuous




[image: image]

Aorta Anatomy







Overview

Location

• The aorta originates at the left ventricle of the heart then ascends posterior to the pulmonary artery; it arches to the left then descends (thoracic aorta) posterior to the diaphragm into the retroperitoneum (portion of abdominopelvic cavity posterior to the peritoneal sac) of the abdominal cavity (abdominal aorta).




• The abdominal aorta is vertically orientated in the body. It descends, anterior to the spine, just to the left of the midline then bifurcates into the common iliac arteries anterior to the body of the fourth lumbar vertebra.


Anatomy

• The largest artery in the body



• Consists of three muscle layers:


1. Intima (innermost)


2. Media (middle)


3. Adventitia (outer)







• 3 anterior branches:


1. Celiac artery (CA) trunk: also known as “celiac axis,” branches into the left gastric artery, common hepatic artery, and splenic artery



2. Superior mesenteric artery (SMA): just inferior to the CA, divides into several small arteries that supply the ascending portion of the colon and largest portion of the small intestine


3. Inferior mesenteric artery (IMA): inferior to the SMA and renal arteries, divides into several small arteries that supply the transverse and descending portions of the colon and the rectum







• 2 lateral branches:


1. Right renal artery (RRA): located a few centimeters within the origin of the SMA, it courses anterior to the spine and posterior to the inferior vena cava in route to the right kidney


2. Left renal artery (LRA): located a few centimeters within the origin of the SMA, it courses left lateral to the spine and posterior to the tail of the pancreas in route to the left kidney






• Size is normal up to 3 cm in diameter, gradually tapering toward the bifurcation


• Can be very tortuous (marked by twists, turns, or bends)


Physiology

• Supplies the organs, bones, and connective structures of the body with oxygen and nutrient-rich blood.


Sonographic Appearance

• Anechoic lumen surrounded by bright, echogenic walls.



• Because the aorta is vertically orientated in the body, longitudinal and long axis views are seen in coronal scanning planes and sagittal scanning planes as demonstrated in the following image. The aorta appears like a large long tube, anechoic with bright walls, immediately anterior to the spine, and immediately posterior to the esophageal gastric junction, crus of the diaphragm, SMA, and splenic artery.

[image: image]







• Short axis (or axial) sections of the aorta are seen in transverse scanning planes. The following transverse scanning plane image shows how easy it is to recognize the short axis section of the aorta in the posterior portion of the image, immediately anterior and just to the left of the spine. It appears large, round, and anechoic with bright walls.

[image: image]
 (Courtesy Geoffrey E. Hayden, MD, Charleston, S.C.)



    Note the axial section of the SMA branch. It appears “separate” from the aorta because following the rise of its trunk from the aorta’s anterior wall, it runs in front of, or anterior to, and parallel to the aorta. The space left between the aorta and SMA affords passage of the left renal vein (LRV) seen here in longitudinal section, on its way to the inferior vena cava (IVC).
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FLUID-FILLED STRUCTURES:
Blood vessels, ducts, umbilical cord, amniotic sac, brain ventricles,
ovarian follicles, renal calyces, urine-filled urinary bladder, bile-
filled gallbladder

+ Organ parenchyma (the bulk of tissue comprising an organ) is described in terms of echo texture.

+ Described as having homogeneous (uniform composition throughout) echo texture with ranges in echogenicity (cchoes produced by reflections of
the sound beam) that are determined by a structure’s density, its distance from the sound beam, and the angle at which the beam strikes the structure.

+ Example: Normal liver parenchyma may be described as homogencous and moderately echogenic.

« The echogenicity of organ textures is often compared. Example: The liver appears isosonic/isoechoic (the same cchogenicity) or slightly
hyperechoic (cchoes brighter than surrounding tissues) compared to renal parenchyma and slightly hypoechoic (cchoes not as bright as surrounding
tissues) compared with the pancreas.

+ Described in terms of echo texture.
+ Muscles often have slightly echogenic linear striations when viewed longitudinally.
+ Generally, muscles appear hypoechoic compared to most solid body structures.

+ Described in terms of echo texture.

* The echo texture of the placenta varies some throughout a pregnancy but it can generally be described as having homogencous echo texture with
moderate to high echogenicity by vascular components, giving the placenta a heterogeneous (mixed echo pattern) appearance.

« Later in pregnancy, the otherwisc homogeneous texture may be interrupted by vascular components.

+ Comparatively, the placenta is more echogenic or hyperechoic relative to the adjacent myometrium of the uterus.

+ Described in terms of echo texture.
+ Described as having homogeneous ccho texture with moderate echogenicity and strongly reflective borders.
« The casily distinguishable abdominopelvic subcutancous tissue layers anterior to the abdominopelvic muscles are a good example.

+ Described as having anechoic (echo free) lumens (or interiors) and highly echogenic or bright walls.
+ They exhibit acoustic enhancement or through transmission (the arca of increased echogenicity behind fluid-filled structures) of the sound beam,
making them casy to distinguish sonographically.
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GASTROINTESTINAL (GI) « Bowel wall is composed of five layers. The first, third, and fifth layers appear hyperechoic compared to the darker appearance of the second and fourth layers.
TRACT + The sonographic appearance of the GI tract lumen depends on its contents. Thercfore, its appearance varies from anechoic (c.g., when fluid is present), to highly echogenic (e.g., gas, air,
or collapsed lumen), to a complex or mixed appearance displaying ancchoic portions (fluid) and echogenic portions (e.g., digested food, gas, air, or feces).
« All or individual portions of the GI tract may cast a posterior shadow depending on its air or gas content. Air and gas reflect the sound beam, preventing through transmission of the
beam, thus creating a shadow.
+ An empty collapsed bowel has a distinctive appearance called a * bull’s eye” duc to the contrast between the highly echogenic collapsed lumen and the darker, barely echogenic walls.

BONES, FAT, AIR, FISSURES, + Described as highly echogenic (bright).
LIGAMENTS, DIAPHRAGM * The degree of echogenicity depends on the density of the structure, its distance from the sound beam, and the angle at which the beam strikes the structure.
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