INTRODUCTION
MEDICAL TECHNOLOGY IS the use of products, devices, and procedures to solve medical problems. Its goals are disease prevention, diagnosis, and treatment. It is medical technology that has brought us kidney dialysis for patients whose kidneys no longer function and sonography for imaging fetuses during prenatal checkups. Medical technology has also produced prosthetic limbs—replacements for missing body parts such as arms and legs that enable people to function independently (see Figure 16.1).
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Advancements in medical technology have occurred in a short period of time as a result of advances in other technologies, basic research, and as a result of the needs and desires of society. In fact, based on what people fantasize, as evident on television and at the movies (see Figure 16.2), people would like medical technology to not only maintain them for a normal life, but make them better than what is normally possible for humans; in short, “make them faster, stronger, than they were before.”
[[Insert Figure 16.1 here]]
[[Insert Figure 16.2 here]]

Given the rapid development of today’s medical technology, the 1970s science fiction concept of humans with medically designed body parts is not as farfetched as it seemed just twenty years ago, and the pace of research and development in this field promises to accelerate in the future.
Medical technology is often discussed alongside biomedical technology, although researchers and the medical profession define them separately. Biomedical technology attempts to prevent, diagnose, and treat disease and improve lives using living organisms like human tissue, DNA, or pharmaceutical products. In this chapter, for the sake of simplicity, both topics will be treated as one.

SECTION 1: Looking at Early Medical Technology

[[Start Key Ideas Box here]]

KEY IDEAS >
· The use of devices to diagnose or treat disease advanced in the 1800s.

· This reliance on technology has only increased over time.

· In today’s world, medical technologies include prevention and rehabilitation, vaccines and pharmaceuticals, medical and surgical procedures, genetic engineering, and the systems within which health is protected and maintained.

[[End Key Ideas Box here]]
The use of devices to diagnose or treat disease advanced in the 1800s. For example, the stethoscope was invented in 1810. As a result, medicine changed, in that, instead of relying only on the subjective evidence provided by the patient, it began to rely on the objective evidence suggested by technology. This reliance on technology has only increased over time. By the 1970s, medical technicians and data specialists were needed to run the equipment and to collect and store the data being generated for each patient. As a result, many of the people involved in the health professions today are not physicians or nurses but people who run equipment and collect and store data.

Examples of Early Technology Invented in the Nineteenth Century

Some of the early medical technological instruments were the portable six-inch clinical thermometer (invented in 1866), the stethoscope (invented in 1810), the ophthalmoscope (first invented in 1847 but not widely used until reinvented in 1851), laryngoscope (invented sometime during the 1860s), and the value of X-rays for medical purposes by Wilhelm Roentgen (who recognized its use for medical purposes in 1895). With these instruments, physicians could precisely determine a person’s temperature in a short period of time and see and hear parts inside the body that they previously could only observe in cadavers. Interestingly, the thermometer had been invented much earlier, but its use as a medical diagnostic device was not widely accepted until two events occurred: (1) Several doctors made and published their observations that a patient’s temperature could be correlated with a diseased state and, based on numerous readings, determined the normal temperature range for humans, and (2) the device was reengineered so that it could be used easily. Before 1866, the thermometer used with patients was a foot long and took twenty minutes to measure a patient’s temperature. This technology, already in place, was not widely used until it was reengineered for efficiency and enough patient information had been gathered to show its diagnostic value.
The stethoscope is used to listen to internal sounds of the body such as heartbeat or respiration. The laryngoscope (Figure 16.3) is used to look at the vocal cords and the glottis, or the space between the vocal cords. X-rays are used to visualize bones and internal organs. The ophthalmoscope (Figure 16.4) is used to look inside the eye.

Twentieth Century

World War II (1939–1945) saw the rapid spread of X-ray technology to diagnose diseases in military troops such as pneumonia, pleurisy, and tuberculosis, as well as to assist doctors prior to surgery. During this time, major advancements in basic science translated into medical technology advancements such as the electrocardiograph, and, in the surgery arena, the respirator, the heart-lung bypass machine, cardiac catheterization, and angiography. The electrocardiograph is an electronic test that records the electrical activity of the heart as it contracts from the beginning of the heartbeat to the end. The information recorded is known as an EKG (Figure 16.5). Today, it is a test that is often part of an annual routine checkup for people over forty. In the surgery arena, patients are routinely put on a respirator, otherwise known as a medical ventilator, when they are anesthetized because their “breathing muscles” are also asleep. The respirator breathes for the patient. The heart-lung bypass machine is used when the heart must be operated on. This machine takes over the job of pumping and oxygenating blood. Cardiac cauterization is the insertion of a catheter into a chamber or vessel of the heart, performed when a physician wants to see the heart’s interior (Figure 16.6). Typically, a physician makes a small puncture in a vessel in the person’s groin, inner elbow, or neck. Then a guide wire is inserted into the incision and threaded through the vessel into the area of the heart to be visualized or treated. If a coronary angiographic is to be done, a radiocontrast agent will be administered to the patient during the procedure. An angiographic is an X-ray of the interiors of organs or blood vessels; a coronary angiographic is an X-ray of the interiors of the heart or its vessels. A radiocontrast agent is a radioactive agent that can be visualized as a result of X-rays. It will reveal whether the flow of blood is blocked or is normal.

[[Insert Figure 16.3 here]]

[[Insert Figure 16.4 here]]

[[Insert Figure 16.5 here]]

The Korean War (1950–1953) saw the development of the Mobile Army Surgical Hospital (MASH), which was designed to move expert medical assistance closer to the front, so that the wounded could be treated sooner and, therefore, with greater success. Wounded soldiers were first treated by buddy aid, then routed through a battalion aid station for emergency stabilization surgery, and finally routed to the MASH for the most extensive treatment. As a result of this plan, more than 90 percent of the soldiers who made it to MASH units survived. These units gave rise to a new kind of specialist, as well as an associated technology, the Emergency Medical Technician, or EMT (Figure 16.7). Today, an EMT is trained to provide prehospital emergency medical care. His or her job is to rapidly evaluate a patient’s condition and provide immediate, stabilizing intervention, so that the patient can be safely transported to a hospital. Immediate interventions include providing CPR and cardiac defibrillation, controlling severe external bleeding, preventing shock, immobilization of the spine to prevent further injury, and splinting of bone fractures or breaks. A paramedic is an EMT who has received advanced training; it is the highest level an EMT can attain and is officially entitled an EMT-P.

[[Insert Figure 16.6 here]]

[[Insert Figure 16.7 here]]

In the 1970s, medical researchers combined computer technology with medical technology, leading to the development of a variety of visualizing, diagnostic tools, for example tomography (Figure 16.8). Tomography is an X-ray technique that creates a three-dimensional image of the body by taking X-ray pictures all around the body. A computer program takes the data provided by these pictures and creates the 3-D image.

[[Insert Figure 16.8 here]]
During this time, medical technologies also developed prosthetic devices, such as artificial heart valves, artificial blood vessels, electromechanical limbs, and reconstructive skeletal joints. These devices have evolved rapidly, for example, as shown in Figure 16.9, today’s electromechanical limbs are becoming more functional.
Transplantation technology had progressed to include artificial heart transplantations. Today, the technology to grow human organs in pigs and in the laboratory is being developed.
TECHNOLOGY AND PEOPLE:
Dr. Doris Taylor

As a child, Dr. Doris Taylor woke up Saturday mornings thinking she had to invent something. She thought, “This is what adults do.” As an adult, she is an inventor—in regenerative medicine. Doris Taylor, Ph.D., as the Medtronic-Bakken Chair in cardiac repair, Director of the Center for Cardiovascular Repair, in the Stem Cell Institute at the University of Minnesota, oversees a laboratory that is working on regeneration of organs. Employing a process called whole organ decellularization, Taylor’s laboratory grows living, working heart tissue by taking rat and pig hearts with all original cells removed and reseeding them with a mixture of new live cells (see Figure 16.10). The process, known as “decellularization,” involves removing all of the cells from an organ using a special detergent solution, leaving only the extracellular matrix intact. This matrix is the framework between the cells. After removing all cells from a heart, the researchers inject the matrix with a mixture of cells from neonatal or newborn hearts and place the structure in a sterile container to grow. Four days after seeding, contractions are observed. Eight days later, the heart is pumping, but not at full capacity. The technique still needs further development, but this is a very auspicious beginning. Dr. Taylor has indicated that this same type of technology could be applied to the regeneration of other organs (see Figure 16.11).
[[Insert Figure 16.9 here]]

[[Insert Figure 16.10 here]]

Doing this type of research isn’t necessarily easy; there have been a lot of ups and downs. A sign on Dr. Taylor’s door reads, “Trust Your Crazy Ideas.” That is her advice to students and fellow researchers. When asked what she would tell students deciding on a career, she said, “Figure out what interests you and do it, and if you dream big, that is okay, because you will be doing what you enjoy.”
To watch a movie on this technique and learn more about the research in Dr. Taylor’s laboratory, search the Internet with the phrase, “Dr. Taylor and Center for Cardiovascular Repair” or go to http://www.med.umn.edu/beatingheart/home.html.

[[Insert Figure 16.11 here]]

The Role of Genetic Engineering in Medical Technology

Genetic engineering is defined as the deliberate, controlled manipulation of genes in an organism, with the intent of making that organism better in some way. Recombinant DNA technology is one aspect of genetic engineering. It is defined as the combination of DNA from different species to form a hybrid DNA for the purpose of studying the DNA or the product that it represents. In the early 1970s, biochemists Paul Berg and Herb Boyer produced the first recombinant DNA molecules, heralding the beginning of recombinant DNA pharmaceutical products such as human insulin (see Figure 16.12) and human growth hormone. Insulin is a hormone that regulates the cellular uptake of sugar, and growth hormone stimulates growth and cell reproduction. The recombinant DNA version of human growth hormone is known as somatotrophin because it is produced by the somatroph cells in the pituitary gland. It is provided to children who do not produce enough of this hormone and therefore are too short for their age.
In 1986, researchers proposed the sequencing of the human genome. In the 1990s, after much debate, the Human Genome Project was launched and was finished fifteen years later. Examples of advances in medical technology as a result of this project are the development and implementation of recombinant DNA vaccines, cellular engineering, and DNA gene therapy.

[[Insert Figure 16.12 here]]

Recombinant DNA Vaccines: An Application of Genetic Engineering You probably remember getting a vaccination, but you may not know how a vaccine is prepared. In general, vaccines are preparations of specific, killed or attenuated, whole microorganisms (e.g., bacteria or a virus) that cause disease in humans. An attenuated microorganism is alive, but weakened, and therefore considered nonpathogenic. After being vaccinated, a person develops immunity to (or protection from) the diseases caused by that particular microorganism.
Just as with other drugs, these vaccines, are tested in clinical trials before their release to the general public. However, because only a small number of people can be realistically tested compared to the huge number of people who will take these drugs or be vaccinated, these trials may not include the small number of people who will have a serious reaction. This has been true for several killed, whole cell or attenuated virus vaccines such as Hepatitis B Virus (HBV). Some of the serious side-effects of the attenuated HBV are liver damage, and sometimes cancer, especially if it reverts back to normal. So when recombinant DNA technology became available, researchers realized that vaccines, including the attenuated HBV vaccine, could comprise only the parts of the microorganism that confer immunity, and that the rest of the microorganisms that cause serious side effects could be omitted, The current HBV recombinant vaccine is composed of a protein found on the surface of the virus. The gene for this protein has been placed into yeast cells for mass production (see Figure 16.13). It confers immunity but without the possibility of serious side-effects.

[[Insert Figure 16.13 here]]

The Ins and Outs of Cellular Engineering: An Application of Genetic Engineering Genes, which are found on your chromosomes and, therefore, your DNA, are the functional units of heredity. Genes carry the instructions for proteins and other products. When a gene is defective, it does not carry the correct instructions, so genetic disorders can result. Since every cell in your body contains the same DNA, every cell in the body will carry the defect. Researchers proposed the idea of gene therapy, which involves replacing defective DNA with the “correct” DNA. So far, proposed methods include: (1) Cells could be removed from the person, the defective gene could be replaced with a normal gene, and the corrected cells could be replaced. (2) The defective gene could be continually “silenced” in place. (3) The defective gene could be repaired in place and returned to normal function. The three types of cells that can be repaired are somatic cells, embryonic stem cells, and germ cells. The description of these cell types and their advantages and disadvantages for repair are as follows: (1) Somatic cells are composed of both differentiated cells and undifferentiated adult stem cells. A differentiated cell is the final cell type, and it cannot become undifferentiated; examples are a red blood cell or a muscle cell. An undifferentiated adult stem cell can become several types of cells and, therefore, is considered multipotent. Its main role in the body is as a source of new cells in its tissue of origin, so it divides to produce new cells as cells die or are damaged. An example of an adult stem cell is a myeloid cell, and it can differentiate into a red blood cell, or a platelet, or a particular type of white blood cell. However, this type of stem cell cannot become a brain cell or a liver cell. Therefore, if it is engineered, it can only replace certain cells. (2) Embryonic stem cells, are pluripotent, undifferentiated cells, which means that they can become any type of cell in the body. However, they cannot be cloned to produce a human being. (3) Germ line cells are found in the egg and sperm. When the egg and sperm fuse to form a cell, this cell is totipotent, which is defined as a cell that can become any cell in the body (Figure 16.14), and theoretically, this type of cell could be cloned to form a human being. In the embryo, the totipotent cells continue to divide and eventually they eventually become pluripotent. These pluripotent cells continue to divide and change (differentiate) to eventually become somatic cells making up particular organs or blood. After a baby is born, the adult somatic cells are composed of adult stem cells which are multipotent and nondividing cells which die in time. The adult stem cells divide when the body needs to replace cells such as tissue damage or aging cells. Currently, genetic engineering of a human totipotent cell and its progeny before they become embryonic stem cells is against the law.
At this time, the only human cells that can be genetically engineered are somatic cells and embryonic stem cells; of course, the best type to repair are stem cells because they can still change (differentiate) into a variety of specialized cell types and therefore can be used to repair a variety of different cells in a person’s body.

[[Insert Figure 16.14 here]]

TECHNOLOGY IN THE REAL WORLD:
Genetic Engineering for Genetic Diseases

Somatic, Differentiated Cell Fix

Cystic fibrosis is a genetic disease: The protein responsible for transporting chloride across cell membranes does not work correctly. As a result, patients with this disease produce sticky mucous, resulting in bacterial infections in the lungs, food digestion problems, and, if they are male, sterility. The majority of patients die from complications arising from bacterial lung infections. In approximately 90 percent of the patients with this disease, the change in the DNA is the same, so this disease is a good candidate for gene therapy treatment. Plus, it became obvious that the lifespan and quality of life for most of these patients could be improved if only their lungs were not constantly becoming infected and scarred, which eventually resulted in their deaths. The cells targeted to be repaired are somatic cells lining the lungs. Clinical trials have proved promising as symptoms are dramatically decreased, even though the fix is temporary and only lasts as long as these cells remain alive. Once the cells are dead, the treatment must be performed again, or in this case, “inhaled” again.
Adult Stem Cell Fix

In some genetic diseases, such as those that affect the immune system, adult stem cells can be repaired and injected in the bloodstream. This was the case in 1993 for Andrew Gobea. He was born with a normally fatal genetic disease known as severe combined immunodeficiency or SCID. Genetic screening before birth showed that he had the SCID defect, which would impair his immune system. He would not be able to produce immunity against any diseases and therefore would die very young. To fix this defect, adult stem cells were removed from his umbilical cord. The normal gene was placed in these cells, and they were injected into his bloodstream. For four years, these cells produced normal white blood cells protecting Andrew from disease. After four years, the treatment had to be repeated with treated stem cells that had been stored when he was born. For the rest of his life, Andrew will need to be treated every four years or so. (See also Figure 16.15.)

[[Insert Figure 16.15 here]]

Advances in Medical Technology Have Led to Ethical Situations for Society

In today’s world, medical technologies include prevention and rehabilitation, vaccines and pharmaceuticals, medical and surgical procedures, genetic engineering, and the systems within which health is protected and maintained. However, these advances have not occurred without risks to patients and the emergence of ethical questions that presently do not have clearcut answers. Society’s understanding has not kept up with the rapid advancement in medical technology. In addition, many of the long-term effects of these new products will not be realized for several generations. Furthermore, presently science has no way to predict what these effects will be.
As a result, misunderstandings between the public and industry lead to mistrust and ethical situations that the government, the public, and the medical care industry are ill equipped to handle. People would like limb and organ replacements that are not only effective but even better than the originals. Yet all these advances cost a tremendous amount of money to develop, test, and implement. Furthermore, they give rise to questions that are not always easy to answer: Who should pay for this technology? Should it only be available to people who can afford it? Should it all be covered by health insurance, which means that the public is going to pay for it? And finally, the biggest question of all: If technology can extend life, and possibly extend a lifetime to hundreds of years with excellent quality of life, should it?

[[Start SECTION ONE FEEDBACK here]]

SECTION ONE FEEDBACK >
1.
Using resources found on the Internet, identify the structures in the eye that a physician can see using an ophthalmoscope. Describe one condition that a physician could diagnose using this instrument that he or she would not be able to see without it.

2.
How was MASH unit treatment of the wounded different from the treatment for the wounded in World War II?

3.
Search on the Internet for an animation of an EKG being generated as a heart is beating. Draw a picture of an EKG, labeling the peaks and valleys as they correspond to the different parts of the heart muscle as it contracts. Explain how you think an EKG is used to determine what part of a heart muscle has been damaged as a result of a heart attack.

4.
Go to the University of Minnesota Stem Cell Institute Web site and watch the video on the making of the rat heart. Do you think this type of technology, when and if it is ready for humans, should be paid for by health insurance? Should it be available without conditions (i.e., age, reason for the failing heart)? If you believe it should be made available but with conditions, what should these conditions be?

[[End SECTION ONE FEEDBACK here]]

SECTION 2: Applying Medical Technology to Diagnosis, Therapeutics, and Rehabilitation
[[Start Key Ideas Box here]]

KEY IDEAS >
· Medical technologies are an important part of diagnostic medicine.

· Advances in therapeutic medical technologies include drug delivery and surgery.

· Medical technologies are used for rehabilitation.

· Advances in medical technology have created ethical dilemmas for people in healthcare and for society in general.

[[End Key Ideas Box here]]
Several examples of advance medical technologies now available were provided in section one. Section two focuses on advances in medical technology, specifically in diagnostic, therapeutic, and rehabilitation medicine. Both positive and negative aspects of these advances are explored.
Diagnostics

Medical technologies are an important part of diagnostic medicine, especially the noninvasive techniques. Before the development of noninvasive techniques, exploratory surgery was the only option for visualizing many conditions, such as tumors. For this reason, in order for a physician to determine what was wrong, patients had to be subjected to the trauma of surgery. The discussion that follows reviews many of the noninvasive technologies now available to the medical community.
Radiology Radiology has traditionally been defined as the branch of medicine that studies and interprets images of the human body created by X-rays on photographic film. However, since there are new, noninvasive ways of looking inside the body that do not use X-rays or ionizing radiation at all, radiological science is now often called medical imaging; one of these new methods, ultrasonography, uses ultrasound waves. Another, Magnetic Resonance Imaging (MRI), uses a magnetic field combined with radio frequency waves. These techniques and others use computers to produce and store images. Table 16.1 contrasts these noninvasive imaging technologies.

[[Insert Table 16.1 here]]

[[Start Table 16.1 here]]

Table 16.1 | Medical Imaging
	TYPE
	USES
	PRODUCES

	Nuclear medicine
	Internal ionizing radiation
	Cross-sectional images (CAT and PET scans)

	Ultrasonography
	1–15 mhz waves
	Images of soft tissues, such as a pregnant uterus

	Magnetic resonance imaging
	Radio waves and magnetic field
	Cross-sectional anatomical images for conditions such as tendonitis

	Radiology
	External X-rays
	X-ray photographs, such as a chest X-ray.


[[End Table 16.1 here]]
X-rays are produced in a vacuum tube that contains an anode (positively charged) and a cathode (source of electrons) connected to a high-voltage source. When the power supply is switched on, it heats the cathode, causing the production of electrons. Attracted by the strong positive charge, the negatively charged electrons bombard the anode, which then produces X-rays. The X-rays are then directed to the area of concern.
The X-rays penetrate the body, but their transmission through different types of tissues depends on how specific tissue attenuates, or reduces the energy of the X-rays. For example, bone attenuates X-rays more than air. Thus, a smaller amount of X-ray energy passes through bone, and its corresponding shadow on the developed radiographic film will be lighter. Conversely, the show of air will be darker. This explains why, on a chest X-ray, the ribs are relatively light, whereas the air-containing lungs are relatively dark.

Tomography Tomography is imaging by sections, or sectioning. In medicine there are many different types of tomography, depending upon the “imaging energy source” (e.g., X-rays or MRI) and how the imaging is acquired. Before computers, technicians had to take X-ray pictures from different angles and then manually overlay them to get a 3-D effect. This commonly did not produce an accurate 3-D picture of the body. However, now, with computers, that can precisely record and process information, and the ability to rotate the patient or the imaging machine around the patient, accurate 3-D pictures can be obtained of the body. Case in point is Computer Axial Tomography (CAT) scan. Using a rotating X-ray device, a CAT scan takes hundreds of pictures as it moves around the patient. The image provides a cross section of the body, which is displayed on a computer screen. A CAT scan is much clearer and more complete than an ordinary X-ray image. It also uses lower radiation levels. (See Figure 16.17.)

[[Insert Figure 16.16 here]]

[[Insert Figure 16.17 here]]
The Visible Human Project®, funded by the United States National Library of Medicine, used transverse CT (computer tomography), magnetic resonance imaging, and cryosection (quick-frozen sections) images of representative male and female cadavers to create complete, anatomically detailed, three-dimensional representations of the normal male and female human bodies. It provides a good example of what you can see with this technology (Figure 16.18).

[[Insert Figure 16.18 here]]

Magnetic resonance imaging Magnetic resonance imaging (MRI) is another noninvasive imaging system that does not depend on radiation. Instead, radio waves are directed at protons, the nuclei of hydrogen atoms, in a strong magnetic field. (The field is so strong that it can pull metal objects such as mop buckets, IV poles, oxygen tanks, heart monitors, pens from pockets, etc., into the machine). All living material possesses hydrogen atoms. In most MRI units, the magnetic field is produced by passing an electric current through wire coils. Other coils located in the machine send and receive radio waves. Because the magnet surrounds the body, an MRI can image in any plane (see Figure 16.19); axial (the way in which bread is normally sliced), sagittal (slicing bread from side to side, lengthwise), or coronal (sliced as layers of a cake).

[[Insert Figure 16.19 here]]

As a result of the pull of the magnetic field, the protons change position, producing signals that are picked up by the other coils. A computer processes these signals and generates a series of images, each one equivalent to a thin slice of the body. The computer compiles the images into a three-dimensional representation of the body, which can be studied from several angles on the computer screen. Because different parts of the body contain different amounts of protons—for example, parts containing water contain more protons—this imaging technique reveals differences in water content between body tissues. As a result, MRI is especially useful in detecting disorders that increase water (e.g., as a result of inflammation, infection, or tumors) in diseased parts of the body. Some of the diseases for which MRI diagnosis is especially useful include: (1) multiple sclerosis, (2) tumors and infections in the brain, spine, or joints, (3) visualizing torn ligaments and tendonitis, and (4) strokes in their earliest stages. People whose bodies contain metal objects such as pacemakers or who are too big to fit in the machine cannot be scanned. Plus, a person who is claustrophobic or cannot hold still for very long will find it difficult to be scanned. Hopefully, in the future, small scanners will be developed so a person does not have to lie down and fit into the machine; the small scanner will just scan the part of the body that needs to be visualized.
Besides static MRI, there are already functional magnetic resonance imaging (fMRI) devices that can measure neural activity in the brain or spinal cord by measuring the blood flow through these organs. By doing this, researchers can determine what part of the brain or spine is active when a person is performing a specific activity or looking at a specific picture. This technique is known as “brain mapping” (see Figure 16.20).
[[Insert Figure 16.20 here]]

Positron Emission Tomography Positron emission tomography (PET) uses a short-lived radioactive tracer, such as fluorine 18, as part of a compound, such as glucose, that is metabolized by the tissue to be scanned. PET works like this: (1) The compound is injected into the bloodstream of the person; (2) the body metabolizes it concentrating it in the target tissue; (3) the radioactive part decays producing positrons (the antimatter counterpart of electrons) and these positrons interact with electrons at the site, destroying both of them; (4) the destruction of the electrons produces photons (light); (5) the imaging scanner detects the light produced and a computer compiles this information, producing a three-dimensional image or map of functional body processes. (See Figure 16.21.)

[[Insert Figure 16.21 here]]

Sonography Similar to the way in which whales and dolphins detect objects around them, medical ultrasonography (sonography) uses sound waves to produce images (see Figure 16.22). These sound waves are well outside human hearing range. Like X-rays, sound waves transfer energy from one point to another, but, unlike radiation, sound waves can only pass through matter and cannot pass through a vacuum. When the ultrasound beam passes through different tissues, the energy is reflected at the interfaces between the different tissues (e.g., the interface between a fetus and the fluid in which the fetus is suspended). The reflection changes at the different interfaces, and this reflection is recorded by the machine via the device that produced the sound wave. The time it takes for the echo to return is proportional to the depth of the interface. The echo’s intensity is dependent on the physical properties of the organs or regions on both sides of the interface, as well as on its depth. The device that both produces the sound wave and detects the reflection of the wave is called a transducer. A gel is rubbed on the transducer to enhance the contact between the transducer and the body. Sonography has several advantages, including: (1) it differentiates between solid and fluid interfaces, delineates organs, and produces live images; (2) it has no long-term side effects; (3) it is relatively inexpensive compared to other imaging techniques like CAT or MRI; (4) sonography equipment is fairly portable and widely used; (5) it is widely accepted by the public because it is commonly used; during pregnancy to visualize the fetus. A disadvantage of ultrasound is that it does not display the same anatomic detail as CT scans or MRI.
[[Insert Figure 16.22 here]]

Therapeutics

Advances in therapeutic medical technologies include drug delivery and surgery. Examples of this technology are automated drug-delivery systems coupled with diagnostic sensors, prosthetic devices for amputees, kidney dialysis units (see Figure 16.23), pacemakers, stents (metal tubes inserted into blood vessels to keep them open) coupled with drug delivery to open up arteries, and artificial tissue and organ replacement, such as retinas, livers, bladders, hearts, and skin. Some of the more interesting technology involves very small sensors and devices, like those described in the section on nanotechnology, and microelectro mechanical (MEM) devices.

[[Insert Figure 16.23 here]]

[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Artificial Limbs: An Unfair Advantage?

The International Olympic Committee does not want the double leg amputee to compete in running events because they feel he has an unfair advantage: The artificial limbs are composed out of carbon fiber. Why do you think they feel it is unfair? How are his artificial lower legs different from real lower legs? Our lower legs, including our feet, are composed of bone, muscle, arteries, veins, blood, and cartilage, and they work when muscles contract and relax. Carbon fiber lower legs act like springs, enabling the runner to push off the ground more efficiently than a person employing muscle power alone. Plus, carbon fiber lower legs weigh a lot less than real legs and feet, which means a person carries less weight in his or her lower extremities. This presents a definite advantage for the disabled runner. However, the disabled runner does not run using exactly the same “motion” as a runner with normal legs; it is unknown whether this has any negative impact on the disabled runner’s performance. How would you determine if a runner with artificial lower legs has either an unfair advantage or disadvantage compared to athletes with normal legs? What tests would you do? If he does have an advantage, what would you engineer for his lower-leg replacements to get rid of these advantages but still allow him to maintain the same running abilities as the other athletes? To help you decide, research online on “artificial limbs and athletes,” or similar keywords, as these questions have already been scientifically explored. Find information that will help you decide what tests should be done to show that these limbs provide a running advantage, or are neutral (no advantage) in their effect, or a disadvantage in running for the disabled individual. From your research, determine how lower-leg replacements should be weighted or changed to eliminate the advantage of being lighter than normal legs and feet. Based on what you found, write a short discussion explaining whether you think the carbon fiber replacement limbs provide an advantage or not, and if they do provide an advantage, how you would “handicap” them.

[[Insert Figure 16.24 here]]

[[End ENGINEERING QUICK TAKE here]]

Rehabilitation

Medical technologies used for rehabilitation started with Elizabeth Kenny, a nurse in the Australian Medical Corps during World War I. Kenny was responsible for introducing the use of hot packs and muscle manipulation to treat polio patients. People who received this treatment said it was painful, but that it did work. One famous person who received the treatment that she pioneered is Alan Alda.
Rehabilitation services have progressed tremendously since that time. These technologies include better wheelchair design, long-distance rehabilitation or “tele-rehabilitation,” improved prosthetics, new treatments for bowel and bladder control for quadriplegics, and more accessible transportation systems so that patients can remain mobile. Consider the advances in wheelchair technology. Computer technology, combined with electric powered wheelchairs, has allowed independent mobility for people with severe impairment. A recent development is wheelchair that has been designed to climb and descend stairs and put the person in the chair at eye level when holding conversations with people who are standing. (See Figure 16.25.)
However, technology development in rehabilitation has not been free of problems; access to new treatments and devices is often limited, and electromagnetic interference has occurred between devices such as cell phones and hearing aids. Also, since primary care doctors are responsible for directing patients to resources, they need to become more knowledgeable about rehabilitation sources and about the appropriate physical medicine and rehabilitation specialists. The latter are doctors who specialize in rehabilitation and treat problems that touch upon all the major systems in the body. They are also known as “physiatrists.”
People are surviving injuries and diseases from which, just a few years ago, they would have died. Nevertheless, survivors can be left with debilitating disabilities, leaving them and their families to deal with the realities of the situation. To help them cope, patients and their families are being treated by a team of specialists who work together to provide the best solutions. Most likely, such a team includes a physical therapist, an occupational therapist, a doctor, and often a rehabilitation nurse and counselor. One of the most difficult situations is when the patient is left in a vegetative state; finding the best way to deal with that crisis is one of the most discussed medical dilemmas.

[[Insert Figure 16.25 here]]

Medical Dilemmas

( Advances in medical technology have forced healthcare workers to reevaluate the traditional definitions of life and death. For example, the concept of when life begins is being revisited as fetuses can now be removed from the womb for treatment weeks prior to traditional delivery. However, in many cases, the individual survives with major medical problems. The concept of when death occurs is also being revisited as patients can now be resuscitated after prolonged heart, lung, and even brain failure. If a patient is resuscitated, but remain unconscious, the patient may develop a condition called persistent vegetative state (PVS), in which they have periods of sleep and wakefulness and open their eyes, but do not respond to verbal stimulation. The term was first used in 1972 by a Scottish neurosurgeon and an American neurologist. An adult with PVS has been shown to have about a 50 percent chance for recovering within the first six months. But even this time period is up for debate, as patients who have been in this state for as long as twenty years have recovered. Such cases are the exception, but even one success makes it difficult for family and healthcare workers to decide on “pulling the plug.”
Karen Ann Quinlan was the first case that resulted in a debate between the right-to-die proponents versus those who favor the use of medical technology to keep a patient alive on machines after the traditional indicators of death—lung and heart failure—have occurred (see Figure 16.26). Quinlan slipped into a coma after ingesting alcohol and tranquilizers. However, despite severe brain damage and a coma, she was not considered dead because her cardiac and respiratory functions could be maintained using machines. Eventually, her family wanted to remove her from the life-support technology that kept her breathing, but her doctors disagreed. They fought a well-publicized legal battle and the family won. Quinlan was removed from the respirator. However, still in a vegetative state, Quinlan kept breathing for approximately another ten years until her ultimate death of acute pneumonia in 1985.
In 1990, Terri Shiavo, twenty-six years old, went into PVS as a result of cardiac arrest due to a potassium imbalance. After eight years, her husband sought to withdraw the feeding tube to allow her to die, but her parents and sister wanted to continue supplying her body with food and water, claiming that Terri might eventually be rehabilitated. From 1998 to 2005, her husband and family were locked in a legal struggle. Because Terri did not have a living will and because there is no conclusive test for PVS, Terri was taken off and put back on a feeding tube several times as a result of the court battle. Appeals by her family continued until March 18, 2005, at which time her feeding tube was removed for a third and final time. She died on March 31, 2005. An autopsy revealed neuropathologic changes in her brain precisely of the type seen in patients who enter a PVS following cardiac arrest.
On the other hand, some patients ultimately recover from PVS. Sarah Scantlin, severely injured by a drunk driver at the age of eighteen, had been in a coma-like state for twenty years. Sarah was only able to communicate by blinking her eyes. Friends wondered if she could comprehend the world around her. Suddenly she began to speak, her first words being “Hi, Mom.” Terry Wallis, a young man injured in a traffic accident at age twenty, was paralyzed from the neck down and could not talk. Wallis received continuing care in a rehabilitation center. Then, nineteen years later, he said, “Mom,” and was soon able to converse. Researchers concluded that brain-cell regrowth was responsible for his recovery. Other documented cases have patients recovering from PVS after being given a sleeping pill, a totally unexpected response. Presently, there is no general agreement in the healthcare industry as to when treatment should cease.
[[Insert Figure 16.26 here]]

[[Start SECTION TWO FEEDBACK here]]

SECTION TWO FEEDBACK >
1.
How are X-rays produced?

2.
What are the four major imaging technologies?

3.
Describe PET and how it is used.

[[End SECTION TWO FEEDBACK here]]

SECTION 3: Applying Technological Advances from Other Fields to Medical Technology

[[Start Key Ideas Box here]]

KEY IDEAS >
· Telemedicine works well for emergency situations, rural health care, forensic medicine, and monitoring chronic conditions.

· Telemedicine reflects the convergence of technological advances in a number of fields, including medicine, telecommunications, virtual presence, computer engineering, informatics, artificial intelligence, robotics, material science, and perceptual psychology.
· Nanotechnology and microelectromechanical (MEM) devices are the results of a convergence of technologies: semiconductor, computer, biology, and chemistry.

[[End Key Ideas Box here]]
Improvements in medical technology have been accelerated by changes in other technologies. For example, improvements in information technology and communication technology have made a tremendous impact, as have advances in nanotechnology, which creates extremely small devices, as small as an atom or molecule.
Telemedicine

Telemedicine is the use of communication to consult, provide, or conduct healthcare. It has been practiced for a long time, only the method of communication has changed. African villagers used smoke signals to warn people to stay away from the village in case of serious disease. In the early 1900s, people living in remote rural areas in Australia used two-way radios, powered by bike pedaling, to communicate with the Royal Flying Doctor Service of Australia. Providing medical advice to people in rural and inaccessible areas is probably one of the first forms of telemedicine. These days, we know that telemedicine works well for emergency situations, rural health care, forensic medicine, and monitoring chronic conditions.
In today’s world, telemedicine reflects the convergence of technological advances in a number of fields, including medicine, telecommunications, virtual presence, computer engineering, informatics, artificial intelligence, robotics, material science, and perceptual psychology. Telemedicine can be as simple as two healthcare professionals discussing a case over the phone or via e-mail, or as complex as doing telesurgery, when a skilled surgeon remotely conducts an operation on a patient while being assisted by operating staff, as shown in Figure 16.27. Telesurgery is done in real time, otherwise known as “synchronous” time. Telemedicine can also be done asynchronously, where information is stored and then viewed later. Asynchronous, or “store-and-forward,” telemedicine involves acquiring medical data (e.g., medical images, biodata) and then transmitting this data to a healthcare professional for assessment offline. It does not require the simultaneous presence of both parties. Dermatology, radiology, and pathology are common specialties that are conducive to asynchronous telemedicine.
[[Insert Figure 16.27 here]]
The telemedicine contains video-conferencing equipment or webcam instrumentation. It also provides room for tools, including a tele-otoscope for looking inside a patient’s ear, and a tele-stethoscope for monitoring heartbeats and other body sounds. An examination camera, used to visualize the patient, could also be mounted in the room or on the cart. (See Figure 16.28.)
As a result of advances and convergence with other technologies, telemedicine is being expanded to other medical specialties, such as psychiatry, internal medicine, rehabilitation, cardiology, pediatrics, obstetrics, gynecology, pharmacy, and neurology.
[[Insert Figure 16.28 here]]

Nanotechnology and MEM Devices

Two more important fields that have made an impact on medical technology are nanotechnology and microelectromechanical (MEM) devices. They are also a result of a convergence of technologies; semiconductor, computer, biology, and chemistry. Nanotechnology is defined as devices and materials in the nanometer range. An example of nanotechnology in medical devices is the glucose sensor in the portable diabetic device shown in Figure 16.29. The sensor is actually an enzyme that interacts with glucose and produces a product that degrades and as a result, produces a signal that is detected by the device.
MEM devices are mechanized devices that are measured in the micrometer range. If mechanized parts are in the nanometer range, they are also classified as nanotechnology. Examples of MEM devices are the pumps in the glucose monitoring device described above. More information about this device is provided later in the chapter.

The specific use of nanotechnology in medicine is known as nanomedicine. Besides the glucose sensor, we can find other examples of nanomedicine in medical imaging and drug delivery. For example, nanosilver is being used as to make a silver superlens to enhance optical imaging. The superlens is placed between the viewed object and the conventional optical microscope, dramatically improving image resolution (the ability to see two objects that are close together as two separate objects). Objects that are 60 nm apart can be resolved. The optical microscope is viewed as one of the most important imaging tools due to its noninvasive nature, low cost, and versatility. Historically, its use has been limited by an inability to resolve small objects, such as parts of cells.
[[Insert Figure 16.29 here]]
A significant problem with some of these new nanomaterials is their toxicity. It seems that when some metals are converted to nanocrystals, they become toxic in that they can be directly absorbed through the skin. Nanosilver is an example of such a metal. As part of a ring or a fork, it is perfectly safe, but converted to nanocrystals, it must be handled carefully.
[[Insert Figure 16.30 here]]
Nanotechnology has positively impacted drug delivery. For example, as shown in rats, it is possible to specifically target, image, and kill tumors using designed nanoparticles. The nanoparticle consists of an iron oxide core, an MRI contrast material on the outside of the particle making imaging of the target possible; a cancer targeting peptide (very small protein) known as F3 that binds specifically to the abnormal cancer cells; and photofrin, a compound that heats up and kills cells when exposed to red light. This nanoparticle is administered intravenously. Thus far, it has demonstrated no negative side effects nor is it absorbed or metabolized by the liver, which would decrease its concentration in the blood stream, making it an effective drug. As a result, it is assumed that 100 percent of this nanoparticle is delivered to the targeted cancer cells and kills them.

[[Insert Figure 16.31 here]]
Biodegradable nanospheres 100 to 5,000 nm in diameter (small enough to pass through blood capillaries, but not so small as to be cleared by the kidneys) have been developed for either drug delivery or for removal of toxic agents found in the bloodstream. They contain an iron compound so they can be visualized by MRI, and they are “coated” to prevent the body from attacking them. Attached to their surfaces are proteins that bind to specific targets, such as tumors or toxins. They are intravenously injected so that they circulate through the patient’s bloodstream. If the target is a soluble toxin or free floating cell, the nanospheres and their bound targets can be removed from the bloodstream using an external magnetic separator, where a strong magnet immobilizes the nanospheres. Clean blood flows out of the separator and back into the bloodstream. A drug payload can be added to the spheres, which can then be delivered to specific targets such as tumors or diseased cells. If it is not possible to target using specific proteins. a strong magnetic, like an MRI machine, could be used to target the nanosphere into a particular location in the body. The nanospheres have already been tested for toxicity and found not toxic. (See Figure 16.32.)

[[Insert Figure 16.32 here]]
MEM devices can be either a combination of in vitro (outside of the body) or in vivo (inside the body) devices. One of the most striking and useful applications of MEMs is in the treatment of diabetic patients. According to the American Diabetes Association, almost 21 million Americans (7 percent of the population) have diabetes, and this currently costs the United States more than $132 billion in direct and indirect costs. Of these 21 million people, there are more than 175,000 who have type 1, often referred to as juvenile diabetes because they developed the disease under the age of 20. Individuals with juvenile diabetes have to detect glucose levels and take insulin for all of their life.
The therapeutic technology for treating diabetes is a twice-daily finger prick to determine glucose concentration in the blood and a twice daily shot to administer the insulin. This relentless daily testing is painful and difficult, and compliance is a major problem, especially for juvenile diabetics. Even when diabetics do perform the necessary testing, they are still subject to undetected reductions in blood sugar that can occur during sleep and go undetected during the day. In a related condition, diabetic patients sometimes do not experience the usual physical warning symptoms that their blood sugar is low, known as hypoglycemia unawareness. These events can lead to seizures and loss of consciousness, and they can increase the risk of diabetic eye disease and kidney and nerve damage by 76 percent.
To help with these difficult situations, there are products on the market that continuously monitor glucose levels and/or deliver insulin. One example is the Medtronic Mini-Med Paradigm® Real-time continuous glucose monitoring/delivery device. The system shown (Figure 16.33) contains a glucose sensor implanted in the skin, consisting of a wireless radio device that connects to the external pump that delivers the insulin through a micro-needle.
As mentioned, the glucose sensor in this device is an example of nanotechnology. The sensor is composed of an enzyme that interacts with, and therefore detects, glucose. This enzyme, glucose oxidase or GOx, is immobilized in a polymer/protein composite film placed on platinum microcylinders. The enzyme interacts with the glucose to produce small hydrogen peroxide bubbles that diffuse through the coatings to produce an electrical signal. The signal is proportional to the amount of glucose that interacts with the enzyme.

[[Insert Figure 16.33 here]]
Another ground-breaking use of MEMs with tremendous implications for people who lose their eyesight is the artificial retina.
In normal vision, light enters the eye and strikes photoreceptor cells in the retina. These cells convert light signals to electric impulses that are sent to the optic nerve and brain. In retinal diseases, such as age-related macular degeneration and retinitis pigmentosa, the photoreceptor cells are destroyed. The artificial retina device bypasses these cells to transmit signals directly to the optic nerve. This device consists of a camera and microprocessor mounted in eyeglasses, a receiver implanted behind the ear, and an electrode-studded array that is tacked to the retina. A wireless battery pack is worn on the belt for power. (One laboratory is even developing a battery that can be implanted in the person’s head.) The camera captures an image and sends the information to a microprocessor mounted in the eyeglasses, which converts the data to an electronic signal and transmits it to the receiver implanted behind the ear. The receiver sends the signals through a tiny cable to an electrode array, stimulating it to emit pulses. The pulses travel through the optic nerve to the brain, which perceives patterns of light and dark spots corresponding to the electrodes stimulated. Patients have to learn to interpret the visual patterns produced.
Increasing the number of electrodes results in more visual perceptions and higher-resolution vision. To date, six patients have successfully been implanted with the prototype Model 1 device, which contains 16 electrodes. With this device, they can see the equivalent of 16 pixels. The next model, model 2, provides greater resolution at 256 pixels. It is currently being tested in clinical trails. The proposed model 3 device is to be constructed of flexible materials that will conform to the shape of the inner eye—no eyeglasses will be needed (see Figure 16.34). The ultimate goal for this device is to enable facial recognition and large-print reading vision, using materials that will last for a lifetime.

The final MEM example is in MIS. Minimal Invasive Surgery (MIS) is the process of accomplishing a surgical task with the least amount of intrusion, harm, and ultimate cost to the patient. Typically, there is less postoperative pain, shorter hospital stays, quicker recoveries, and less scarring. Robots are already being used for MIS with favorable results. Surgeons find that robot-assisted MIS provides them greater range of motion over standard techniques. An example of this type of surgery is laparoscopic surgery, which is usually defined as surgery within the abdominal or pelvic cavities. A key element in laparoscopic surgery, and typically in any MIS, is the use of a telescopic rod lens system that is usually connected to a video camera. Also attached is a fiber optic cable system connected to a light source (halogen or xenon), to illuminate the operative field. The abdomen is usually inflated with carbon dioxide gas to create a working and viewing space. Carbon dioxide is used because the tissue absorbs this gas and removes it via the respiratory system, plus, it is nonflammable. The main problem with robotic-assisted surgery is that the surgeon cannot “feel” the tissue, and therefore he does not know how hard to press when cutting, nor can he feel differences in the tissue. The sense of touch in this context is known as “haptic feedback.” The development of a MEM pneumatic balloon-based haptic feedback system at the Center for Advanced Surgical and Interventional Technology School at UCLA allows the surgeon to “feel” the patient’s tissue via robotic arms or a grasper with the aid of a force sensor array. The forces from the array are translated to proportional pressures that are applied to the surgeon’s hands via balloon actuator arrays.

[[Insert Figure 16.34 here]]

[[Insert Figure 16.35 here]]

[[Start SECTION THREE FEEDBACK here]]

SECTION THREE FEEDBACK >
1.
Name three of the tools used in telemedicine and how are they different.

2.
What are the similarities and differences between nanotechnology and MEMs?

3.
Describe one nanotechnology or MEM device that has been developed for medical technology.
[[End SECTION THREE FEEDBACK here]]

SECTION 4: Applying Basic Science Research to Advances in Medical Technology

[[Start Key Ideas Box here]]

KEY IDEAS >
· The sciences of biochemistry and molecular biology have made it possible to manipulate the genetic information found in living creatures.

· Advances in molecular biology, as a result of the Human Genome Project, have led to advances in molecular diagnostics, such that medical testing has moved from being descriptive to being predictive.

· The potential for misuse and misunderstanding of the genetic information being generated as a result of the Human Genome Project and everyday molecular diagnostic testing of patients has compelled society to research and establish ethical mandates for regulating the incidence of testing and the uses of test results.
[[End Key Ideas Box here]]
The sciences of biochemistry and molecular biology have made it possible to manipulate the genetic information found in living creatures. In addition to recombinant DNA techniques, DNA sequencing, and microarray testing, the new field of molecular diagnostics signals a new era in diagnostic testing.
Molecular Diagnostics Advances in molecular biology and robotics have led to new developments in molecular diagnostics, such that medical testing has moved from being descriptive to being predictive. For example, instead of simply determining whether or not a patient has diabetes, tests are being developed that will determine whether the patient is at high risk of developing diabetes in the future (see Figure 16.36). As a result of predictive molecular diagnostic tests, genetic counseling and the consideration of ethical issues are now nearly as important as the laboratory procedure itself.
[[Insert Figure 16.36 here]]

Ethical Considerations The potential for misuse and misunderstanding of the genetic information being generated as a result of the Human Genome Project and everyday molecular diagnostic testing of patients has compelled society to research and establish ethical mandates for regulating the incidence of testing and the uses of test results. Three percent of the funding for the Human Genome Project was set aside to study these issues. This represents the world’s largest bioethics program.
Genetic information differs from medical information in that, where medical information only has implications for the individual patient, genetic information has relevant information that affects the extended family, grandparents, parents, children, and even cousins and uncles or aunts. (See Figure 16.37.) For example, if your uncle had a genetic test that showed he has a predisposition to heart disease, do you think he should have to tell the rest of his family, including his extended family? Also, what if the result of his tests showed that he had a genetic disease with a high chance of development later in life, such as Huntington’s Disease? Do you think he should be allowed to have children? Presently the policy at the moment protects an individual’s right to reproduce, no matter what their genetic makeup. It protects the right to keep that knowledge private, even from family members. Two processes that maintain that right in the United States are “informed consent” and the federal Health Insurance Portability and Accountability Act (HIPAA).

Informed consent refers to the process during which a patient agrees to surrender his/her tissue only after learning and understanding the risks and benefits of doing so. After the healthcare provider explains this information, the patient is then asked to sign the “informed consent” form to show acceptance of these risks. The informed consent process is important for the following reasons:

[[Insert Figure 16.37 here]]

· It promotes respect for patients.
· It protects an individual’s right of self-determination.
· It promotes the belief that it is wrong to force a person to act against his or her will.
Once a patient has consented to genetic testing (or a waiver of consent is granted), the confidentiality of any information gathered from this testing becomes an important concern. The federal Health Insurance Portability and Accountability Act (HIPAA) is designed to do the following:
· Ensure health insurance portability (ease of movement) for workers and families when they change or lose a job

· Reduce healthcare fraud and abuse

· Guarantee security and privacy of healthcare information
· Enforce standards for health information
· Set standards for electronic data interchange transactions
Why is HIPAA needed? The following two examples illustrate why it is important that the privacy of patients be protected. The now deceased tennis star Arthur Ashe’s positive HIV status was revealed by a healthcare worker to a newspaper without his permission. The medical records of the country western singer Tammy Wynette were sold to the National Enquirer by a hospital staff member.
[[Insert Figure 16.38 here]]
All healthcare providers including hospitals, clinics, nursing homes, physicians, dentists, chiropractors must comply with HIPAA (see Figure 16.38). So must any organization that receives payment for healthcare services or that transmits electronic forms containing healthcare information. HIPAA defines protected health information (PHI) as information that can be communicated orally, in written form, or through other media and is “individually identifiable” concerning an individual’s past, present, or future. This includes information about a patient’s physical and mental health, healthcare treatments, healthcare payments, and identification information, such as social security number, gender, or birthdate. In addition, these providers that handle and transmit such information must establish procedures that follow the “Minimum Necessary Rule.” This rule states that, within an organization or institution, reasonable effort must be used to ensure that only the minimum amount of PHI is handled. For example, a patient’s social security number does not need to be on every form, or record, or medical image for it be processed—only a minimal identifier, such as a number given to that person’s record, is required. Employees who violate this law can be fined and spend time in jail.

[[Start SECTION FOUR FEEDBACK here]]
SECTION FOUR FEEDBACK >
1.
What are the goals of the Health Insurance Portability and Accountability Act (HIPAA)?

2.
Give some examples of protected health information, according to HIPAA.

3.
Go online and find out how long your immunity to the diseases whooping cough, tetanus, and diphtheria lasts when you are vaccinated with a DTaP vaccine.
[[End SECTION FOUR FEEDBACK here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Medical Technicians

No matter what the economic climate, there will always be jobs in the medical field. The obvious careers are the nurse, physician, and medical researcher, but there are other important, less well-known jobs. The examples cited are biomedical engineers who design medical equipment, and the individuals who use the equipment, such as medical sonagraphers, cardiovascular technologists and technicians, and medical technologists and technicians. You can find more examples by searching the Department of Labor Occupational Outlook Handbook, which is available through the Internet.
Significant Points

· In general, employment is expected to grow much faster than average.

· Many of the technician and technology jobs are obtained after completing a two-year community college program.

· Biomedical engineering usually requires at least a four-year degree and a researcher generally has at least a master’s degree.
Working Conditions

Most technologists and technicians in this industry work in hospitals, doctor’s offices, and industry. Some technologist and technician positions may require lifting of heavy patients or equipment and a lot of time walking and standing. The work week is generally forty hours. Biomedical engineers generally work in academic or industry industrial laboratories and do both applied and basic research. The amount of hours per week spent on the job varies.
Occupations in the Industry

Biomedical engineering usually requires a four-year degree or higher. It requires knowledge of engineering, biology, and medicine. Its goal is to improve human health by integrating basic and applied scientific discoveries in these fields. Specialty areas include biomechanics (mechanics applied to biological or medical problems), biomaterials (includes living tissue and materials used for joints, heart valves), rehabilitation engineering (e.g., wheelchairs), and clinical engineering (technology that requires databases, software, and computers).

In medical imaging, technicians are needed for specialized equipment such as sonographs. The technician specialties are commonly named based on the type of equipment the technicians use and the part of the body that they visualize. For example, neurosonographers use sonography to visualize the nervous system.
Cardiovascular technologists and technicians assist physicians in diagnosing and treating cardiac (heart) and peripheral vascular (blood vessel) ailments. Individuals who specialize in electrocardiograms (EKGs) are known as cardiographic or EKG technicians, while individuals who specialize in an invasive procedure are known as cardiology technologists.

Radiological technologists and technicians take X-rays. Some specialize in diagnostic imaging technologies, such as CT and MRI.

Medical technologists are also known as clinical laboratory technologists, and medical technicians are also known as medical technicians. Technologists usually require four years of training, and technicians usually require two years. These people work in hospitals or company clinical laboratories and perform both nonautomated and automated tests for diagnostic purposes. As a result of the advances in genomic and proteomic science, testing is becoming more elaborate and predictive than just diagnostic. For example, besides determining the presence of heart disease, eventually, through DNA testing, tenchology will be able to determine a person’s predisposition for heart disease.

Training and Advancement

The possibilities for advancements are generally excellent, as most hospital and industry sites provide several levels of employment for technologists and technicians. Since patient care is involved, all positions are governed by accrediting agencies to ensure quality. Biomedical engineers can belong to several different professional engineering societies, and these societies provide professional development, opportunities to share information, and also help disseminating information concerning employment opportunities.

Outlook

The human life span has increased and the population continues to grow. As a result, job opportunities in these fields will continue to increase. Also, because of the increasing demand for employees, wages and salaries for this type of employment are expected to grow faster than the growth projected for the entire economy. However, this increase is somewhat restricted by what the public and the health industry can afford to pay.
[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited July, 2009 http://www.bls.gov/oco/]

[[Start Summary Box here]]

Summary >

The use of devices to diagnose or treat disease advanced in the 1800s. For example the stethoscope was developed in 1810. This reliance on technology for diagnosis, therapy, and rehabilitation has continually increased over time. In today’s world, medical technologies include predictive testing besides diagnostic testing, such as determining cholesterol levels in a person’s blood, imaging technology so that organs can be visualized, eliminating the need for surgery, and the development of artificial limbs, such as the carbon fiber springs which may actually allow a person to run faster than on normal legs.
Advances in medical technology have also created ethical dilemmas for people in healthcare and for society in general. The definitions for when life starts and when life ends are being questioned since it is now possible to operate on fetuses and keep people alive whose hearts and lungs have stopped moving. These advances have not only occurred for urban society but also for people in remote rural areas. Telemedicine allows individuals to access expert medical care, even to the point that a surgeon can operate on an individual robotically when they are separated by huge distances.
Many of the advances in medical technology are the result of a convergence of technology advances occurring in separate fields. For example, nanotechnology and microelectromechanical (MEM) medical devices are a result of a convergence of technologies (i.e., semiconductor, computer, biology, and chemistry). An example of such a device is one that a diabetic patient can wear twenty-four hours a day. It detects the level of glucose, and, in response, delivers the correct amount of insulin. The detector and drug delivery devices are worn as small patches on the person, and the pump is a small device that can be worn under clothes at the waist. The sciences of biochemistry and molecular biology have made it possible to alter a person’s DNA and its expression. This means people with genetic diseases such as SCIDs can have the normal gene placed strategically within their bodies to produce the correct proteins that were originally missing from their bodies. It also means that a person’s predisposition to certain diseases based on their DNA can be determined. Clinically this is predictive testing at the DNA level. However, these advances have progressed so rapidly that neither society nor the healthcare industry can fully understand the ethical and economic ramifications brought about by this technology. The resulting ethical questions have compelled society to research and establish ethical mandates for regulating testing and the use of test results. However, it is likely that continued advances in medical technology will result in more questions, not fewer. These questions will likely be left for future generations to work out.
[[End Summary Box here]]

FEEDBACK
1.
How is subjective evidence provided by the patient different from objective evidence as provided by diagnostic testing and interpreted by healthcare professionals? Should healthcare professionals consider subjective evidence when making a diagnosis? If so, why?

2.
Search the Internet for information about drug-coated stents. What are their advantages? What are their disadvantages or possible side effects?

3.
What is tomography and how is it combined with MRI technology to produce a 3-D image of a person’s body?

4.
Go online and search for the latest advances in prosthetic devices. Find one not mentioned in the chapter and write a short paragraph describing its advantages and disadvantages compared to previous devices.

5.
Go to the web site for the National Center for Biotechnology Information, click on OMIM™ (Online Mendelian Inheritance in Man™ ), go to Human Genome Resources, and then click on Genes and Disease. Find a genetic disease that interests you and write a brief paragraph starting with a one- to three-line description of the NCBI site and who is responsible for OMIM™. The rest of the paragraph should address the following questions about the disease: What are the tissues and/or organs affected? What is the incidence of the disease? What are the symptoms and long-term consequences of the disease? Are there any medical treatments? Make a list of any words that you did not understand, look them up, and supply a definition next to each word.

DESIGN CHALLENGE 1:
Making a Stethoscope

· Problem Situation

A doctor uses a stethoscope to listen to the human heart. As the heart beats, it causes the stethoscope to vibrate. These vibrations are transmitted to the doctor’s ears as sound. A simple acoustic stethoscope consists of several parts. A chestpiece, which the doctor places against the patient’s chest over the heart, vibrates with each heartbeat. The resulting acoustic waves travel through an air-filled tube that leads to a three-way junction that leads to two earpieces. The earpieces relay the acoustic waves into the doctor’s ears. The doctor is then able to hear the characteristic “lub-dup” sound of the heart beating and so evaluate the patient’s health.

· Your Challenge

You work in the risk management department of a large corporation. As part of the company’s new safety regulations, each work area must have instructions for making basic medical equipment from everyday materials in case of dire emergency. You have been asked to come up with guidelines for creating a working stethoscope from common equipment.
· Safety Considerations

1.
The information provided in this activity is not medical advice and is not intended to diagnose or treat any health conditions. Likewise, do not use the stethoscope you create to diagnose or treat any health conditions.

2.
If you share a stethoscope with another person, clean the earpieces with rubbing alcohol before each use.

· Materials Needed

1.
Plastic funnel or cut-off top portion of plastic water bottle

2.
Balloon

3.
Plastic, rubber, or silicone tubing, at least 24” long

4.
3-way connector

5.
Tape

6.
Other commonly found materials

· Clarify the Design Specifications and Constraints

You will make a functioning stethoscope using commonly found materials. It will consist of a chestpiece with a diaphragm and at least one earpiece. The stethoscope must allow the user to clearly hear a human heartbeat when placed on a subject’s upper left chest. It must work whether the subject is sitting, standing, or lying down, and the user must be able to count the subject’s heartbeats. Your stethoscope should work as well as a commercially available acoustic stethoscope.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Acoustics.

2.
In your guide, complete the Knowledge and Skill Builder II: Cardiac auscultation.

3.
In your guide, complete the Knowledge and Skill Builder III: Heart rate.
· Generate Alternative Designs

Describe two of your possible alternative approaches in this stethoscope exercise. Discuss the decisions you made in (a) construction of the chestpiece, (b) construction of the earpiece(s), and (c) connection of the chestpiece to the earpiece(s). Attach drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution
What decisions did you reach about the construction of a stethoscope? How did you reach these decisions?

· Display Your Prototypes

Produce your stethoscope. Include descriptions, photographs and/or drawings of it in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you encounter that would cause you to redesign the stethoscope? What changes would you recommend in your new design?

· Communicate Your Achievements

Describe the plan you will use to present your results to your class, and show what handouts you will use.
DESIGN CHALLENGE 2:
Determine What Biocompatibility Tests Need to Be Done for Food and Drug Administration (FDA) Approval

· Problem Situation

Your company, Compatibility Solutions, has been contacted by a biodevice company that manufactures stents. This company has just produced a new stent that also releases a drug for inhibiting tissue growth. Tissue growth over implanted stents has become a major problem as it clogs the stent, decreasing its lifespan. However, whenever a new drug is developed for use in humans it has to be tested to make sure it is biocompatible (i.e., does not cause negative side effects in humans). Since the initial tests cannot be performed on humans, they are conducted with other life forms, such as yeast, fish, or monkeys, to make sure the drug is at least safe in these organisms. After passing the initial tests in other organisms, the drug is finally tested in humans before it is released by the FDA to be used by the general public.
· Your Challenge

Your job is to determine what biocompatibility tests need to be done for Food and Drug Administration (FDA) approval
· Safety Considerations

Any safety issues associated with testing should be included in your plan. For example, if you decide to do laboratory testing, then safety issues concerning the laboratory need to be included.
· Materials Needed

You will need access to the Internet for information searching, word processing software, Excel if you are to do any graphing, and PowerPoint for presenting the information.

· Clarify the Design Specifications and Constraints

The presentation needs to be fifteen minutes long. The targeted audience is the CEO and president of the biodevice company that manufactures the stent. As part of the presentation, the FDA regulations that govern the testing and release of this product to the market should be reviewed as background information for the audience.
· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I. What is a biodevice and what is a stent?

2.
In your guide, complete the Knowledge and Skill Builder II: Understanding the FDA regulations that govern the testing and market release of biodevices that release drugs. Do an Internet search for the center for device and radiological health (CDRH). At this site, you will find information you need.
3.
In your guide, complete the Knowledge and Skill Builder III: Biocompatibility testing for biodevices.

4.
In your guide, complete the Knowledge and Skill Builder IV: Using power point effectively.

· Generate Alternative Designs

Describe two of your possible alternative testing approaches in this exercise. Discuss the decisions you made when selecting an organism and a test for determining biocompatibility of the drug in humans.
· Choose and Justify the Optimal Solution
What decisions did you reach about the test and test organism? How did you reach these decisions?

· Display Your Prototypes

Produce your test plan; include descriptions, photographs, and/or drawings of it in your guide.

· Test and Evaluate

Explain whether your plan met the specifications and constraints.
· Redesign the Solution

What information did you find that might cause you to redesign the plan for testing? What changes would you recommend in your new plan?

· Communicate Your Achievements

Present your plan, using PowerPoint, to the rest of the class.
Describe the plan you will use to present your results to your class, and show what handouts you will use.
Numbered Figure

Figure 16.1|Artificial limbs allow people to maintain their independence.

Figure 16.2|People have always been fascinated with the notion of replacement body parts that could make them stronger, faster, or even able to live forever. Many TV shows and movies have focused on this idea.

Figure 16.3|(a) Physicians use a laryngoscope to inspect a (b) person’s throat. The epiglottis closes when you are eating so food does not pass into the airways.
Figure 16.4|(a) Physicians use an ophthalmoscope to look inside a person’s eye. (b) This is what the ophthalmologist sees when he or she looks into your eye. The fovea has the highest concentration of cone cells which are responsible for clearest vision; some hawks have two which probably makes them better hunters.

Figure 16.5|(a) This is an example of a typical electrocardiogram recording. (b) It can be recorded while the patient, with leads attached to the chest, is moving, sitting, or in surgery to monitor the electrical output of the heart.

Figure 16.6|In a cardiac catheterization, a small needle is threaded from the arm or the groin into the heart, usually for the purpose of doing an angiogram, where a dye is injected so that the arteries and veins in the heart can be visualized. It is minimally invasive, so the patient is awake and can watch if he or she wishes.
Figure 16.7|An emergency medical technician (EMT) provides emergency medical care. These EMTs are attempting to stabilize a person who had a heart attack while playing basketball.
Figure 16.8|(a) Tomagraphy, or imaging by sections, uses a software program to combine images into a three-dimensional picture. A common tomography procedure is an MRI, or magnetic resonance imaging. MRI is mainly used in medical imaging to visualize the structure or function of the body. Because it provides enhanced soft tissue contrast, it is useful in neurological, musculoskeletal, and cardiovascular imaging. (b) In this MRI image you see can see multiple views of a patient’s chest.
Figure 16.9|The iLimb™ was developed by the company Touch Bionics. This functional electromechanical limb can duplicate many of the activities of a real hand.

Figure 16.10|Organs like this rat heart are being experimentally grown in the laboratory. This heart is only partially functional.
Figure 16.11|Dr. Doris Taylor working in her laboratory at the Stem Cell Institute.

Figure 16.12|Recombinant human insulin (rhInsulin) was approved by the U.S. government for public use in 1982. Before the human gene for insulin was cloned, it took seven to ten pounds of pancreas from approximately seventy pigs or fourteen cows to purify enough insulin for one year’s treatment for a single diabetic.

Figure 16.13|To keep yeast and other cell cultures free from bacterial contamination, technicians have to work with them in a sterile hood wearing gloves and lab coat. The hood also protects the technician from exposure to anything that is in the hood, like cells infected with a virus, which is also important.

Figure 16.14|Totipotent embryonic cells can become any type of cell. These cells in the embryo divide and become committed to certain paths, at which point they are known as pluripotent cells. Pluripotent cells continue to further divide and commit themselves to even narrower pathways eventually forming the heart, blood, and other organs and cells.
Figure 16.15|If a gene is incorrect than it will code for an incorrect protein or not make it at all. This is true for children born with severe combined immune deficiency (SCID). Kids born with this disease have to live in a germ free environment because their immune systems do not work correctly. To reverse this disease, researchers put the correct gene in a virus and then put that virus into a bone marrow cell taken from the patient. The “corrected” bone marrow cell was put back into the patient where it colonized and increased in number in the bone marrow of the patient. The corrected cells now made the immune cell that the patient was missing, restoring the patient’s immune system to normal.
Figure 16.16|(a) X-rays are produced when electrons in a metal target are momentarily pushed to a high energy. When these electrons drop back to their normal energy, they give off radiation, including X-rays. Some of the X-rays can be directed as beams towards specific parts of the human body, such as an arm or the chest. This is the diagram of a typical X-ray setup. (b) This is a typical X-ray image of the human chest.

Figure 16.17|(a) Computer Axial Tomography (CAT) scanner (b) Using a rotating X-ray device, a CAT scan takes hundreds of pictures as it moves around the patient. The image provides a cross section of the body, which is displayed on a computer screen.

Figure 16.18|The Visible Human Project®, funded by the United States National Library of Medicine, used transverse CT (computer tomography), magnetic resonance imaging, and cryosection (quick-frozen sections) images of representative male and female cadavers to create complete, anatomically detailed, three-dimensional representations of the normal male and female human bodies.

Figure 16.19|An MRI can image in any plane; axial (the way in which bread is normally sliced), sagittal (slicing bread from side to side, lengthwise), or coronal (sliced as layers of a cake).

Figure 16.20|High resolution MRI mapping of people’s brains who have AIDs. There is a loss of cortical tissue.

Figure 16.21|(a) A typical PET machine showing how the signal is processed and the image reconstructed (b) This whole-body PET scan shows the concentration of the enzyme monoamine oxidase (MAO) in various body organs in a nonsmoker. This crucial enzyme breaks down neurotransmitters and dietary amines, and too much or too little MAO can adversely affect health and even personality. In a smoker, this enzyme can be reduced as much as 50% in the brain and other organs demonstrating that smoking not only affects the lungs it effects other organs as well.

Figure 16.22|(a) This is a sonography of a fetus. You can see its head and even its nose and eyes. (b) The transducer is the device that both produces the ultrasound waves and records the reflection of these waves as they “bounce back” from body tissues.

Figure 16.23|(a) Stents are small tubes placed in blood vessels to keep them open. (b) Kidney dialyzers do the job of the kidneys. The kidneys filter out the waste in the blood.
Figure 16.24|Oscar Pistorius, an athlete with prosthetic legs, was banned from the Olympics because it was believed that he had an unfair advantaged over runners with normal legs.
Figure 16.25|The iBOT wheelchair can go up and down stairs, allowing users access without a ramp. It can also raise and lower a person vertically and handle rough terrain.

Figure 16.26|People fiercely debate the issue of “the right to die,” one of the major ethical dilemmas society faces as medical technology continues to advance.

Figure 16.27|Dr. Michael DeBakey participates in a telesurgery experiment in an underwater habitat, used to train astronauts, located off the Florida Keys.
Figure 16.28|Equipment used in telemedicine includes laptop cameras with webcam, a camera that is used to view the patient, and a telecart, where many of the tools are stored.

Figure 16.29|Kislaya Kunjan, lead engineer with Vista Biosciences LLC, works on a glucose-detecting sensor system developed jointly with Purdue University researchers. This technology may lead to a new variety of wearable glucose monitors that would automatically determine glucose concentration even while the patient was sleeping.

Figure 16.30|The Environmental Protection Agency (EPA) is charged with determining if nanosilver and any other “nano” metals are toxic.

Figure 16.31|The targeted medication consists of a nanoparticle containing an iron oxide core improving MRI visualization; a targeting peptide (very small protein) known as F3 that binds specifically to the abnormal cancer cells; and photofrin, a compound that heats up and kills cells when exposed to red light. This nanoparticle is administered intravenously; an MRI is taken to show that the particles have reached their target, and the patient is exposed to red light killing the targeted cells.
Figure 16.32|Biodegradable nanospheres 100 to 5,000 nm in diameter have been developed for either drug delivery or for removal of toxic agents found in the bloodstream. They contain an iron compound for MRI visualization and for removal by a large magnet. They also have antitumor or antitoxin compounds attached to their surfaces that bind specifically to the target. The patient’s blood is pumped through a machine containing magnets separating the nanospheres with their bound targets out of the blood.
Figure 16.33|The sensor is composed of a enzyme that interacts with, and therefore detects, glucose (bottom picture). This enzyme, glucose oxidase or GOx, is immobilized in a polymer/protein composite film placed on platinum microcylinders that are only 125 um in diameter (middle picture). The enzyme interacts with the glucose to produce small hydrogen peroxide bubbles that diffuse through the coatings to produce an electrical signal (top picture). The signal is proportional to the amount of glucose that interacts with the enzyme.

Figure 16.34|Model 3 device is being developed and it will be constructed of flexible materials that will conform to the shape of the inner eye. Since it will be many times smaller than earlier models, it will be implantable entirely inside or around the eye-no eyeglasses will be needed.

Figure 16.35|William Peine, an assistant professor of mechanical engineering at Purdue, operates hand controls for a portable surgical robot under development. They are also working on the problem of haptic feedback.
Figure 16.36|For example, instead of simply determining whether or not a patient has diabetes, automated laboratory tests are being developed that will determine whether the patient is at high risk of developing diabetes in the future.

Figure 16.37|Advances in molecular biology have raised a host of ethical issues as such couples, who feel they are at risk, are advised to seek professional counseling when planning families.

Figure 16.38|The Web site of the U.S. Department of Health and Human Services is a major source of information about the HIPAA Privacy Rule.
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