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Abstract Since its introduction in the late 1950’s, ultrasonography has become a very useful diagnostic tool in medicine. This technique, commonly called sonography, is a diagnostic medical procedure that uses high frequency sound waves (ultrasound) to produce dynamic visual images of organs, tissues, or blood flow inside the body and allow doctors to visualize what they can’t directly see. Ultrasonography can be used to examine many parts of the body, such as the abdomen, breasts, female reproductive system, prostate, heart, or blood vessels to provide valuable information in diagnosing and treating diseases. For instance during pregnancy, doctors use ultrasound tests to examine the fetus and follow the pregnancy to make sure no abnormalities are occurring. Ultrasonography is also used to diagnose gallbladder disease or some forms of cancer, to study a patient’s heart, kidney or blood vessels. The technique is similar to the echolocation used by bats, whales and dolphins, as well as SONAR used by submarines. An ultrasound machine sends out high-frequency sound waves, which reflect off body structures. A computer receives these reflected waves and uses them to create a dynamic picture. This type of procedure is often referred to as a sonogram or ultrasound scan. Different types of ultrasound are currently in use to match the different examination needs. One presents a two dimensional image, or "slice," of a three dimensional object (fetus, organ). We can also get 3D images using 3D ultrasound imaging which combine two-dimensional scans into 3D images using specialized computer software, or measure the direction and speed of an object in movement, for instance blood cells moving through vessels, using a doppler ultrasound.



One of the great benefits of this procedure is that for standard diagnostic ultrasound, there are no confirmed adverse biological effects on patients or instrument operators caused by exposures to ultrasound. Indeed, unlike with an x-ray, ultrasound does not involve exposure to ionizing radiation. Moreover this procedure is noninvasive, provides real-time imaging, is easy-to-use and less expensive than other imaging methods. However, ultrasonography also has its limitations. For instance, ultrasound waves are reflected by air or gas, therefore ultrasound is not an ideal imaging technique for the bowel. Moreover they do not pass through air so the evaluation of the stomach, small intestine and large intestine may be limited. What’s more, obstetric ultrasound cannot identify all fetal abnormalities. Consequently, when there are clinical or laboratory suspicions for a possible abnormality, a pregnant woman may have to undergo nonradiologic testing such as amniocentesis.



Nevertheless, ultrasonography can still be improved, starting by improving the machines technology and going further by improving the imaging techniques.
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Résumé Depuis son apparition vers la fin des années 1950, l’imagerie par ultrason est devenue un outil de diagnostic médical très utile. Cette technique, également appelée échographie, est une méthode de diagnostic médical qui, en utilisant des ondes sonores de haute fréquence (ultrasons), permet d’obtenir des images dynamiques d’organes humains, de tissus ou bien du flux des vaisseaux sanguins. Cela permet aux médecins de visualiser ce qu’ils ne peuvent pas voir directement. L’imagerie par ultrasons peut être utilisée pour investiguer de nombreuses parties du corps, telles que l’abdomen, les seins, les organes reproducteurs féminins, la prostate, le cœur, ou bien les vaisseaux sanguins, et fournit de précieuses informations dans le diagnostic et le traitement de pathologies. Par exemple lors de la grossesse, les médecins utilisent l’imagerie par ultrasons pour examiner le fœtus et suivre la grossesse afin de s’assurer qu’il n’y ait pas de complications. L’échographie est également utilisée dans le diagnostic de pathologies liées à la vésicule biliaire, ou de certaines formes de cancer, ou bien pour ausculter le cœur d’un patient, son rein, ou bien ses vaisseaux sanguins. Cette technique est similaire à l’écholocation utilisée par les chauves-souris, baleines et dauphins, tout comme les sonars utilisés par les sous-marins. Une machine à ultrasons envoie des ondes sonores de haute fréquence qui vont se réfléchir sur les différentes structures du corps humain. Un ordinateur récupère ces ondes réfléchies et les interprète de manière à créer une image dynamique. Ce type d’examen est appelé un sonogramme. Différents types d’imageries par ultrasons sont actuellement utilisés en fonction de ce que l’on veut observer. L’un présente une image bidimensionnelle, ou « coupe » d’un objet tridimensionnel (fœtus, organe). Il est aussi possible d’obtenir des images tridimensionnelles, grâce à la technique d’échographie 3D qui combine des images bidimensionnelles et les transforme en images 3D par l’intermédiaire de logiciels informatiques spécialisés, ou bien de mesurer la direction et la vitesse d’un objet en mouvement, comme par exemple les cellules sanguines se déplaçant dans les vaisseaux, en utilisant le Doppler. L’un des grands avantages de cette procédure est que pour les examens échographiques standards, il n’y a aucun effet nocif reconnu sur les patients ou opérateurs causés par les expositions aux ultrasons. En effet, contrairement aux rayons X, les ultrasons n’impliquent pas d’exposition à des radiations ionisantes. De plus, l’imagerie par ultrason est non-invasive, elle fournit une image en temps réel, est simple d’utilisation et moins onéreuse que les autres techniques d’imagerie médicale. Cependant, l’échographie a aussi des limites. Par exemple, les ondes sonores sont réfléchies par l’air ou bien les gaz, par conséquent l’imagerie par ultrasons n’est pas la technique d’imagerie idéale pour les intestins. De plus ces ondes ne passent pas au travers d’in milieu tel que l’air, les examens de l’estomac, intestin grêle et gros intestin peuvent donc être compromis. Par ailleurs, les échographies obstétricales ne peuvent pas identifier toutes les anomalies fœtales. Par conséquent, lorsqu’il y a des suspicions cliniques ou d’une quelconque anormalité, une femme enceinte devra probablement faire des tests complémentaires tels qu’une amniocentèse. Néanmoins, l’échographie peut encore être améliorée, en commençant par améliorer la technologie des équipements puis celle des images.
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Medical Ultrasonography Abstract Résumé



I/



Medical Ultrasonography 1/ 2/ 3/ 4/



Definition Historic How are ultrasound performed? The Equipment a) Console b) Transducers



5/



Different types of Ultrasound a)



6/ 7/



II/



3D Ultrasound Imaging



b) Doppler Ultrasound Benefits-Risks Limitations of general ultrasound imaging



Diagnostic Applications 1/



Cardiology a) b) c) d) e)



2/



What is an echocardiogram? Different types of echocardiogram Why is an echocardiogram done? Risks Results



Obstetric a) What is Obstetric Ultrasound Imaging? b) The procedure   



Before During After



c) Dangers of ultrasound d) Limitations



III/ The future of Ultrasound



Conclusion Bibliography
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I/



Medical Ultrasonography 1/



Definition



Sound consists of waves of compression and decompression of the transmitting medium (e.g. air or water), travelling at a fixed velocity. Ultrasound is a sound wave with a frequency greater than the upper limit of human hearing: the audible sound frequencies are below 15 000 to 20 000 Hz, while diagnostic ultrasound is in the range of 1 - 12 MHz.



Whereas audible sounds are diffracted (we can hear sounds around a corner), sounds at higher frequencies tend to move more in straight lines like electromagnetic beams, and will be reflected like light beams. They will be reflected by much smaller objects (because of sorter wavelengths), and does not propagate easily in gaseous media.



Medical ultrasonography (sonography) is an ultrasound-based diagnostic imaging technique that uses high frequency sound waves and their echoes to visualize muscles and internal organs, their size, structures and possible pathologies or lesions. The technique is similar to the echolocation used by bats, whales and dolphins, as well as SONAR used by submarines. We use the fact that, at a given temperature, the sound velocity in a given material is constant, but varies in different materials. This allows us to visualize on a display screen what we can’t directly see.



Exemples of sound velocities in different materials: Material



Velocity ( m/s) *



Air



330



Water



1497



Metal



3000 - 6000



Fat



1440



Blood



1570



Soft Tissue



1540



*With λ:wavelength , c:velocity, f:frequency.
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To demonstrate how an ultrasound works, imagine this tennis ball as an internal organ in the body.



Like many organs, the tennis ball is solid on the outside and hollow on the inside. 



Solid structures, such as bones and muscles, reflect sound waves from the ultrasound transducer and show up as white in an ultrasound image.







Soft or hollow areas, like chambers of the heart, do not reflect sound waves and appear as black.



The white ring is the outer edge of the tennis ball being reflected back as an image while the center hollow area remains as black.
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2/



Historic



The story of the development of ultrasound applications in medicine starts in the mid 19 century, with the history of measuring distance under water using sound waves. The major developments in Acoustics and Ultrasonics are summarized below : 1822 Colladen used underwater bell to calculate the speed of sound in waters of Lake Geneva. 1830 Savart developed large, toothed wheel to generate very high frequencies. 1845 Stokes investigated effect of viscosity on attenuation. 1860 Tyndall developed the sensitive flame to detect high frequency waves.



1866 Kundt used dust figures in a tube to measure sound velocity. 1876 Galton invented the ultrasonic whistle. 1877 Rayleigh's "Theory of Sound" laid foundation for modern acoustics. 1880 Curie brothers discovered the piezoelectric effect. 1890 Koenig, studying audibility limits, produced vibrations up to 90,000 Hz. Early pipe testing with Krautkrämer apparatus (1950s) 1903 Lebedev and coworkers developed complete ultrasonic system to study absorption of waves. 1912 Sinking of Titanic led to proposals on use of acoustic waves to detect icebergs. 1912 Richardson files first patent for an underwater echo ranging sonar. 1926 Boyle and Lehmann discovered the effect of bubbles and cavitation in liquids by ultrasound. 1927 Wood and Loomis described effects of intense ultrasound. 1930 Debye and Sears and Lucas and Biquard discover diffraction of light by ultrasound. 1930 Harvey reported on the physical, chemical, and biological effects of ultrasound in macromolecules, microorganisms and cells. 1931 Mulhauser obtained a patent for using two ultrasonic transducers to detect flaws in solids. 1937 Sokolov invented an ultrasonic image tube. 1939 Pohlman investigated the therapeutic uses of ultrasonics. 1940 Sonar extensively developed and used to detect submarines. 1942 Dussik brothers made first attempt at medical imaging with ultrasound. 1944 Lynn and Putnam successfully used ultrasound waves to destroy brain tissue of animals. 1948 Start of extensive study of ultrasonic medical imaging in the United States and Japan.
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Sweden 1953 Invention of medical ultrasonography at Lund University by cardiologist Inge Edler and Carl Hellmuth Hertz. Hertz said it might be possible to use ultrasonography as a radar to look into the body. Hertz was familiar with using ultrasonic reflectoscopes for nondestructive materials testing, and together they developed the idea of using this method in medicine. 29 October 1953 The first successful measurement of heart activity was made, using a device lent from a ship construction company. December 16 the same year The method was used to generate an echo-encephalogram (ultrasonic probe of the brain).



Scotland 1953 Parallel developments in Glasgow, Scotland by Professor Ian Donald, obstetrician, led to the first diagnostic applications of the technique. He used an industrial ultrasound equipment to conduct experiments on various morbid anatomical specimens and assess their ultrasonic characteristics. Together with the medical physicist Tom Brown and fellow obstetrician Dr John MacVicar, Donald refined the equipment to enable differentiation of pathology in live volunteer patients. 7th June 1958



These findings were reported in The Lancet as "Investigation of Abdominal Masses by Pulsed Ultrasound",



possibly one of the most important papers ever published in the field of diagnostic medical imaging. Professor Donald and Dr James Willocks then refined their techniques to obstetric applications including fetal head measurement to assess the size and growth of the fetus. 1964 It became possible to improve these methods even further. Dr Stuart Campbell's pioneering work on fetal cephalometry led to it acquiring long-term status as the definitive method of study of fetal growth. As the technical quality of the scans was further developed, it soon became possible to study pregnancy from start to finish and diagnose its many complications such as multiple pregnancy, fetal abnormality and placenta praevia. Diagnostic ultrasound has since been imported into practically every other area of medicine.



1975 Invention of 2D ultrasound which give slice pictures of the fetus, and real time ultrasound. 1994 Invention of the 3D ultrasound which gives the opportunity to visualize the fetus “in volume”. 2000 3D imaging now allows to see the fetus from every angle: we can make him turn round himself to examine all parts of his anatomy. 2002 Invention of the 4D ultrasound which allows the visualization of the volume in addition of the movement. E Exemple of today’s sonograph
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3/



How are Ultrasounds performed?



In physics, the term "ultrasound" applies to all acoustic energy with a frequency above human hearing (20 kilohertz). Typical diagnostic sonographic scanners operate in the frequency range of 2 to 18 megahertz, hundreds of times greater than this limit. The choice of frequency is a trade-off between spatial resolution of the image and imaging depth: lower frequencies produce less resolution but image deeper into the body.



Sonography is effective for imaging soft tissues of the body. Superficial structures such as muscles, tendons, testes, breast and the neonatal brain are imaged at a higher frequency (7-18 MHz), which provides better axial and lateral resolution. Deeper structures such as liver and kidney are imaged at a lower frequency 1-6 MHz with lower axial and lateral resolution but greater penetration.



Here are the steps of an ultrasonography procedure : 1.



A gel-like substance is smeared on the area of the body to undergo the ultrasound (the gel acts as a conducer).



2.



The ultrasound machine transmits high-frequency (1 to 5 megahertz) sound pulses into the body using a probe or transducer. The probe has special crystals that generate the sound waves and also detect sound waves reflected.



3.



The sound waves travel into the body and hit a boundary between tissues (e.g. between fluid and soft tissue, soft tissue and bone).



4.



Some of the sound waves get reflected back to the probe, while some travel on further until they reach another boundary and get reflected.



5.



The reflected waves are picked up by the probe and relayed to the machine.



Sound waves travel into the body …



6.



… and get reflected



The machine analyzes the data and calculates the distance from the probe to the tissue or organ (boundaries) using the speed of sound in tissue (5,005 ft/s or1,540 m/s) and the time of the each echo's return (usually on the order of millionths of a second).
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7.



The machine displays the distances and intensities of the echoes on the screen, forming a two dimensional image like the one shown below.



Ultrasound image of a growing fetus (approximately 12 weeks old) inside a mother's uterus.



In a typical ultrasound, millions of pulses and echoes are sent and received each second. The probe can be moved along the surface of the body and angled to obtain various views.



4/



The Equipment



A general-purpose sonographic machine may be able to be used for most imaging purposes. Usually specialty applications may be served only by use of a specialty transducer. The dynamic nature of many studies generally requires specialized features in a sonographic machine for it to be effective, such as endovaginal, endorectal, or transesophageal transducers. A basic ultrasound machine has the following parts: •



A transducer probe that sends and receives the sound waves.



•



A central processing unit (CPU) which is a computer that does all of



the calculations and contains the electrical power supplies for itself and the transducer probe. •



A transducer pulse controls which changes the amplitude,



frequency and duration of the pulses emitted from the transducer. •



A video display screen that displays the image from the ultrasound



data processed by the CPU. • •



A keyboard/cursor to input data and take measurements. A disk storage device (hard, floppy, CD) to store the acquired images



and a printer to print the image from the displayed data.
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a)



Console



The CPU is the brain of the ultrasound machine. It sends electrical currents to the transducer probe to emit sound waves, and also receives the electrical pulses from the probes that were created from the returning echoes. The CPU does all of the calculations involved in processing the data. Once the raw data are processed, the CPU forms the image on the monitor. It can also store the processed data and/or image on disk. The transducer pulse controls allow the operator, called the ultrasonographer, to set and change the frequency and duration of the ultrasound pulses, as well as the scan mode of the machine. The commands from the operator are translated into changing electric currents that are applied to the piezoelectric crystals in the transducer probe. The display is a computer monitor that shows the processed data from the CPU. Displays can be black-and-white or color, depending upon the model of the ultrasound machine. b)



Transducers



The transducer is the main part of the ultrasound machine. It makes the sound waves and receives the echoes. It is a small hand-held device that resembles a microphone, attached to the scanner by a cord. The transducer sends out a high frequency sound wave and then listens for a returning sound wave or "echo." The transducer, also called probes, generates and receives sound waves using a principle called the piezoelectric (pressure electricity) effect, which was discovered by Pierre and Jacques Curie in 1880. In the probe, there are one or more quartz crystals called piezoelectric crystals. When an electric current is applied to these crystals, they change shape rapidly. The rapid shape changes, or vibrations, of the crystals produce sound waves that travel outward. Conversely, when sound or pressure waves hit the crystals, they emit electrical currents. Therefore, the same crystals can be used to send and receive sound waves. The probe also has a sound absorbing substance to eliminate back reflections from the probe itself, and an acoustic lens to help focus the emitted sound waves. Transducers come in different shapes and sizes for use in different scanning situations, as shown in the photo. The shape of the probe determines its field of view, and the frequency of emitted sound waves determines how deep the sound waves penetrate and the resolution of the image. Transducers may contain one or more crystal elements. In multiple-element probes, each crystal has its own circuit. Multiple-element probes have the advantage that the ultrasound beam can be "steered" by changing the timing in which each element gets pulsed (steering the beam is especially important for cardiac ultrasound).
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In addition to probes looks like a curved soap bar to be moved across the surface of the body, some probes are designed to be inserted through various openings of the body (vagina, rectum, esophagus) so that they can get closer to the organ being examined (uterus, prostate gland, stomach) what allows more detailed views.



5/



Different types of Ultrasound



The ultrasound that we have described so far presents a two dimensional image, or "slice," of a three dimensional object (fetus, organ). Two other types of ultrasound are currently in use, 3D ultrasound imaging and Doppler ultrasound.



a)



3D Ultrasound Imaging



In the past two years, ultrasound machines capable of three-dimensional imaging have been developed. In these machines, several two-dimensional images are acquired by moving the probes across the body surface or rotating inserted probes. The two-dimensional scans are then combined by specialized computer software to form 3D images.



Photo courtesy Philips Research



3D ultrasound images



3D imaging allows you to get a better look at the organ being examined and is best used for: •



Early detection of cancerous and benign tumors : -



examining the prostate gland for early detection of tumors



-



looking for masses in the colon and rectum



-



detecting breast lesions for possible biopsies



•



Visualizing a fetus to assess its development, especially for observing abnormal development of the face and limbs



•



Visualizing blood flow in various organs or a fetus
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b) Doppler Ultrasound Doppler ultrasound is a special application of ultrasound based upon the Doppler Effect. It measures the direction and speed of blood cells as they move through vessels. When the object reflecting the ultrasound waves is moving, it changes the frequency of the echoes (Doppler effect), creating a higher frequency if it is moving toward the probe and a lower frequency if it is moving away from the probe. How much the frequency is changed depends upon how fast the object is moving. Doppler ultrasound measures the change in frequency of the echoes to calculate how fast an object is moving. Doppler ultrasound has been used mostly to measure the rate of blood flow through the heart and major arteries. Doppler ultrasound used to measure blood flow through the heart. (Photo courtesy Philips Research) The direction of blood flow is shown in different colors on the screen.



There are three types of Doppler ultrasound: 



Color Doppler uses a computer to convert Doppler measurements into an array of colors to visualize the speed and direction of blood flow through a blood vessel.







Power Doppler is a newer technique that is more sensitive than color Doppler and capable of providing greater detail of blood flow, especially in vessels that are located inside organs. Power Doppler, however, does not help the radiologist determine the direction of flow, which may be important in some situations.







Spectral Doppler. Instead of displaying Doppler measurements visually, Spectral Doppler displays blood flow measurements graphically, in terms of the distance traveled per unit of time.



Power Doppler ultrasound of the kidney.



This image shows the tiny blood vessels in the kidney like the branches of a tree.
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6/



a)



Benefits-Risks



Benefits







Ultrasound scanning is noninvasive (no needles or injections) and is usually painless.







Ultrasound is widely available, easy-to-use and less expensive than other imaging methods.







Ultrasound imaging uses no ionizing radiation.







Ultrasound scanning gives a clear picture of soft tissues that do not show up well on x-ray images.







Ultrasound causes no health problems and may be repeated as often as is necessary if medically indicated.







Ultrasound is the preferred imaging modality for the diagnosis and monitoring of pregnant women and their unborn infants.







Ultrasound provides real-time imaging, making it a good tool for guiding minimally invasive procedures such as needle biopsies and needle aspiration of fluid in joints or elsewhere.



b) Risks  For standard diagnostic ultrasound there are no confirmed adverse biological effects on patients or instrument operators caused by exposures to ultrasound.



7/ 



Limitations of general ultrasound imaging



Ultrasound waves are reflected by air or gas, therefore ultrasound is not an ideal imaging technique for the bowel. Barium exams and CT scanning are the methods of choice for bowel-related problems.







Ultrasound waves do not pass through air, therefore an evaluation of the stomach, small intestine and large intestine may be limited. Intestinal gas may also prevent visualization of deeper structures such as the pancreas and aorta. Patients who are obese are more difficult to image because tissue attenuates (weakens) the sound waves as they pass deeper into the body.







Ultrasound has difficulty penetrating bone and therefore can only see the outer surface of bony structures and not what lies within. For visualizing internal structure of bones or certain joints, other imaging modalities such as MRI are typically used.







Even in the absence of bone or air, the depth penetration of ultrasound is limited, making it difficult to image structures that are far removed from the body surface, especially in obese patients.
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II/



Diagnostic Applications



There are a plethora of diagnostic and therapeutic applications of ultrasonography widely used in medicine. The main advantage of ultrasound is that certain structures can be observed without using radiation. Ultrasound can also be done much faster than X-rays or other radiographic techniques. Different ultrasound techniques exist for different conditions.



Examples of some of the more common types of ultrasound examinations include the following: •



Doppler ultrasound - used to see structures inside the body, while evaluating blood flow at the same time. Doppler ultrasound can determine if there are any problems within the veins and arteries.



•



Vascular ultrasound - used to see the vascular system and its function, including detection of blood clots.



•



Echocardiogram - used to see the heart and its valves, and to evaluate the effectiveness of the heart's pumping ability.



•



Abdominal ultrasound - used to detect any abnormalities of the abdominal organs (i.e., kidneys, liver, pancreas, gallbladder), such as gallstones or tumors.



•



Renal ultrasound - used to examine the kidneys and urinary tract.



•



Obstetrical ultrasound - used to monitor the development of the fetus.



•



Pelvic ultrasound - used to find the cause of pelvic pain, such as an ectopic pregnancy in women, or to detect tumors or masses.



•



Breast ultrasound - used to examine a mass in the breast tissue.



•



Thyroid ultrasound - used to see the thyroid and to detect any abnormalities.



•



Scrotal ultrasound - used to further investigate pain in the testicles.



•



Prostate ultrasound - used to examine any nodules felt during a physical examination.



•



Musculoskeletal ultrasound - used to examine any joint or muscle pain for conditions, such as a tear.



•



Interventional ultrasound - used to help the surgeon during a minimally invasive operation or biopsy.



In addition to these areas, there is a growing use for ultrasound as a rapid imaging tool for diagnosis in emergency rooms.



In this report we will focus on two of these diagnostic applications of ultrasounds used in cardiology and obstetric.
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1/



Cardiology



In cardiology, ultrasound is mostly used to: •



see the inside of the heart to identify abnormal structures or functions.



•



measure blood flow through the heart and major blood vessels.



a)



What is an echocardiogram?



An echocardiogram is an ultrasound of the heart. It uses standard ultrasound techniques to image two-dimensional slices of the heart. The latest ultrasound systems now employ 3D real-time imaging. In addition to creating two-dimensional pictures of the cardiovascular system, an echocardiogram can also produce accurate assessment of the velocity of blood and cardiac tissue at any arbitrary point using pulsed or continuous wave doppler ultrasound. This allows assessment of cardiac valve areas and function, any abnormal communications between the left and right side of the heart, any leaking of blood through the valves (valvular regurgitation), and calculation of the cardiac output as well as the Ejection fraction.



Echocardiogram



Echocardiography is used to diagnose certain cardiovascular diseases. In fact, it is one of the most widely used diagnostic tests for heart disease. It can provide a wealth of helpful information, including the size and shape of the heart, its pumping strength, and the location and extent of any damage to its tissues. It is especially useful for assessing diseases of the heart valves. It not only allows doctors to evaluate the heart valves, but it can detect abnormalities in the pattern of blood flow, such as the backward flow of blood through partly closed heart valves, known as regurgitation. By assessing the motion of the heart wall, echocardiography can help detect the presence and assess the severity of coronary artery disease, as well as help determine whether any chest pain is related to heart disease.
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Echocardiography can also help detect hypertrophic cardiomyopathy, in which the walls of the heart thicken in an attempt to compensate for heart muscle weakness. The biggest advantage to echocardiography is that it is noninvasive (doesn't involve breaking the skin or entering body cavities) and has no known risks or side effects.



b) Different types of echocardiogram The different types of echocardiograms are: •



Transthoracic echocardiogram (TTE). This is the most common type. Views of the heart are obtained by moving the transducer to different locations on your chest or abdominal wall.



•



Stress echocardiogram. During this test, an echocardiogram is done both before and after your heart is stressed either by having you exercise or by injecting a medicine that makes your heart beat harder and faster. A stress echocardiogram is usually done to find out if you might have decreased blood flow to your heart (coronary artery disease, or CAD).



•



Doppler echocardiogram. This test is used to look at how blood flows through the heart chambers, heart valves, and blood vessels. The movement of the blood reflects sound waves to a transducer. The ultrasound computer then measures the direction and speed of the blood flowing through your heart and blood vessels. Doppler measurements may be displayed in black and white or in color.



•



Transesophageal echocardiogram (TEE). For this test, the probe is passed down the esophagus instead of being moved over the outside of the chest wall. TEE shows clearer pictures of your heart, because the probe is located closer to the heart and because the lungs and bones of the chest wall do not block the sound waves produced by the probe. A sedative and an anesthetic applied to the throat are used to make you comfortable during this test.



c) 



Why is an echocardiogram done?



A transthoracic echocardiogram (TTE) is done to: •



Look for the cause of abnormal heart sounds (murmurs or clicks), an enlarged heart, unexplained chest pains, shortness of breath, or irregular heartbeats.



•



Check the thickness and movement of the heart wall.



•



Look at the heart valves and check how well they work.



•



See how well an artificial heart valve is working.



•



Measure the size and shape of the heart's chambers.
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•



Check the ability of your heart chambers to pump blood (cardiac performance). During an echocardiogram, your doctor can calculate the how much blood your heart is pumping during each heartbeat (ejection fraction). You might have a low ejection fraction if you have heart failure.



•



Detect a disease that affects the heart muscle and the way it pumps, such as cardiomyopathy.



•



Look for blood clots and tumors inside the heart.



•



Look for congenital heart defects or to check the effectiveness of previous surgery to repair a congenital heart defect.



•



Check how well your heart works after a heart attack.



•



Identify the specific cause of heart failure.



•



Look for a collection of fluid around the heart (pericardial effusion) or a thickening of the lining (pericardium) around the heart.







A stress echocardiogram is done to: •



Identify and monitor reduced blood flow to heart muscle (ischemia). This is usually more apparent after some form of stress, such as exercise or medicine.







A doppler echocardiogram is done to: •



Measure the speed at which blood travels through the heart.



•



Measure the blood pressure and speed of blood flow through the heart valves.



It can be done during a transthoracic echocardiogram (TTE), a transesophageal echocardiogram (TEE), or a stress echocardiogram. 



A transesophageal echocardiogram (TEE) may be done to: •



Monitor heart function during surgery.



•



Check how well an artificial heart valve works.



•



Look for masses or blood clots in the upper left chamber (left atrium) of the heart.



•



Identify abnormal blood flow between the chambers of the heart (cardiac shunt).



•



Help find out if you have endocarditis



•



Guide procedures done during cardiac catheterization.



•



Help find out if you have a tear in the aorta (aortic dissection).
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d) Risks There are no known risks from a transthoracic or Doppler echocardiogram because these tests only use sound waves to evaluate your heart. These high-frequency sound waves have not been shown to have any harmful effects. A stress echocardiogram can cause dizziness, low blood pressure, shortness of breath, nausea, irregular heartbeats, and heart attack. A transesophageal echocardiogram (TEE) can sometimes cause nausea, mouth and throat discomfort, minor bleeding, trouble breathing, slow or abnormal heartbeats. Insertion of the probe may tear or puncture your esophagus but this is rare.



e)



Results



Results are usually available within a week. If the test is done by a cardiologist, the results may be available immediately after the test.



The heart chambers and walls of the heart are normal size and thickness and move normally. Heart valves are working normally, with no leaks or narrowing. There is no sign of infection.



Normal



The amount of blood pumped from the left ventricle with each heartbeat (ejection fraction)



Echocardiogram



is greater than 50%. There is no excess fluid in the sac surrounding the heart, and the lining around the heart is not thickened. There are no tumors and blood clots in the heart chambers.



Heart chambers are too big. The walls of the heart are thicker or thinner than normal. A thin heart wall may mean poor blood flow to the heart muscle or an old heart attack. A thin,



Abnormal



bulging area of the heart wall may indicate a bulge in the ventricle (ventricular aneurysm).



Echocardiogram



The heart muscle walls do not move normally because of a decreased blood supply because from narrowed coronary arteries. One or more heart valves do not open or close properly (are leaking) or do not look normal. Signs of infection are present. The amount of blood pumped from the left ventricle with each heartbeat (ejection fraction) is less than 50%. There is fluid around the heart (pericardial effusion). The lining around the heart is too thick. A tumor or blood clot may be found in the heart.
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2/



Obstetric



In Obstetrics and Gynecology, ultrasound is commonly used to: •



measure the size of the fetus to determine the due date



•



determine the position of the fetus to see if it is in the normal head down position or breech



•



check the position of the placenta to see if it is improperly developing over the opening to the uterus (cervix)



•



see the number of fetuses in the uterus



•



check the sex of the baby (if the genital area can be clearly seen)



•



check the fetus's growth rate by making many measurements over time



•



detecte ectopic pregnancy, the life-threatening situation in which the baby is implanted in the mother's Fallopian tubes instead of in the uterus



•



determine whether there is an appropriate amount of amniotic fluid cushioning the baby



•



monitore the baby during specialized procedures - ultrasound has been helpful in seeing and avoiding the baby during amniocentesis (sampling of the amniotic fluid with a needle for genetic testing). Years ago, doctors use to perform this procedure blindly; however, with accompanying use of ultrasound, the risks of this procedure have dropped dramatically.



•



see tumors of the ovary and breast



a) What are Obstetric Ultrasound Scans?



Traditional obstetric ultrasounds are done by placing the transducer (that emits high frequency sound waves) on the maternal abdomen and by moving it to "look at" (likened to a light shined from a torch) any particular content of the uterus. Repetitive arrays of ultrasound beams scan the fetus in thin slices and are reflected back onto the same transducer.
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The information obtained from different reflections are recomposed back into a dynamic picture (a sonogram) on the monitor screen. Movements such as fetal heart beat and malformations in the fetus can be assessed and measurements can be made accurately on the images displayed on the screen. Such measurements form the cornerstone in the assessment of gestational age, size and growth in the fetus.



One variant is a transvaginal ultrasound is done with a probe placed in the woman's vagina. Transvaginal scans usually provide clearer pictures during early pregnancy and in obese women. Also used is doppler ultrasound which detects the heartbeat of the fetus. Doppler ultrasound is most likely employed to evaluate the pulsations in the fetal heart and bloods vessels for signs of abnormalities.



The use of color flow mapping can clearly depict the flow of blood in fetal blood vessels in a realtime scan, the direction of the flow being represented by different colors. Color doppler is particularly indispensible in the diagnosis of fetal cardiac and blood vessel defects, and in the assessment of the hemodynamic responses to fetal hypoxia and anemia.



b) The procedure Before the procedure If an ultrasound is ordered by the clinician early in a woman’s pregnancy, she may be instructed to have a full bladder for the procedure. Air interferes with sound waves, so if the bladder is distended, the air-filled bowel is pushed out of the way by the bladder and an image of the uterus and embryo or fetus is obtained. After the first two to three months of pregnancy, a full bladder is not always necessary for imaging.
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During the procedure



For most ultrasound exams, the patient is positioned lying face-up on an examination table that can be tilted or moved. A clear gel is applied to the area of the body being studied to help the transducer make secure contact with the body and eliminate air pockets between the transducer and the skin. The sonographer or radiologist then presses the transducer firmly against the skin and sweeps it back and forth over the area of interest, until the desired images are captured.



Sometimes the radiologist determines that a transvaginal scan needs to be performed. This technique often provides improved, more detailed images of the uterus and ovaries. It is especially useful in early pregnancy. Transvaginal ultrasound is performed very much like a gynecologic exam and involves the insertion of the transducer into the vagina after the patient empties her bladder. A protective cover is placed over the transducer, lubricated with a small amount of gel and then inserted into the vagina. The images are obtained from different orientations to get the best views of the uterus and ovaries. Transvaginal transducer The better images are the result of the scanhead's closer proximity to the uterus and the higher frequency used in the transducer array resulting in higher resolving power. Fetal cardiac pulsation can be clearly observed as early as 6 weeks of gestation.



This ultrasound examination is usually completed within 20 minutes.



After the procedure When the examination is complete, the patient may be asked to dress and wait while the ultrasound images are reviewed. However, the sonographer or radiologist is often able to review the ultrasound images in real-time as they are acquired and the patient can be released immediately. After an ultrasound exam, the patient should be able to resume her normal activities. A radiologist, a physician specifically trained to supervise and interpret radiology examinations, will analyze the images and send a signed report to the patient’s primary care or referring physician, who will share the results with the patient.
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c) Dangers of ultrasound There have been many concerns about the safety of ultrasound. Because ultrasound is energy, the question becomes "What is this energy doing to my tissues or my baby?" There have been some reports of low birth weight babies being born to mothers who had frequent ultrasound examinations during pregnancy. The two major possibilities with ultrasound are as follows: •



development of heat: tissues or water absorb the ultrasound energy which increases their temperature locally.



•



formation of bubbles (cavitation): when dissolved gases come out of solution due to local heat caused by ultrasound.



However, there have been no substantiated ill-effects of ultrasound documented in studies in either humans or animals. This being said, ultrasound should still be used only when necessary (It is always better to be cautious).



d) Limitations Obstetric ultrasound cannot identify all fetal abnormalities. Consequently, when there are clinical or laboratory suspicions for a possible abnormality, a pregnant woman may have to undergo nonradiologic testing such as amniocentesis (the evaluation of fluid taken from the sac surrounding the baby) or chorionic villus sampling (evaluation of placental tissue) to determine the health of the baby, or she may be referred by her primary care provider to a perinatologist (an obstetrician specializing in high-risk pregnancies).



III/ The future of Ultrasound Future improvements to the field include three-dimensional ultrasound and the addition of a variety of ultrasound contrast agents. The entire ultrasound machine will probably get smaller, perhaps even hand-held for use in the field (e.g. paramedics, battlefield triage). As with other computer technology, ultrasound machines will most likely get faster and have more memory for storing data. Transducer probes may get smaller, and more insertable probes will be developed to get better images of internal organs. One exciting new area of research is the development of ultrasound imaging combined with heads-up/virtual realitytype displays that will allow a doctor to "see" inside you as he/she is performing a minimally invasive or non-invasive procedure such as amniocentesis or biopsy. Improvements in existing technology and future advances hold the promise of placing ultrasound at the forefront of the medical imaging modalities.
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Conclusion Ultrasound has been used as a diagnostic medical tool for nearly half a century. It is clear that ultrasound tests became very useful tools in the examination of different organs in the body, in various medical fields.



This technique presents some advantages. Indeed, all ultrasounds are painless tests and involve no risks of radiation. They don’t involve injections, are easy-to-use and less expensive than other imagery techniques. What’s more ultrasound provides real-time imaging in addition of the traditional images.



Ultrasonography still has some limitations due to the ultrasounds properties, however collaborative efforts between individuals from a variety of disciplines have resulted in a continual evolution in ultrasound technology. Major advances in this technology include the introduction of amplitude mode, brightness mode, real-time, and Doppler ultrasound. Recent progress in the field, including color flow imaging and the addition of digital technology, has expanded the range and specificity of ultrasound diagnosis while improving the quality of equipment and enhancing the image content.



Future improvements to the field include three-dimensional ultrasound and the addition of a variety of ultrasound contrast agents. Improvements in existing technology and future advances hold the promise of placing ultrasound at the forefront of the medical imaging modalities.
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