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Preface


Donald F. Egan, MD, the original author of Egan’s Fundamentals of Respiratory Care, sought to provide a foundation of knowledge for respiratory students learning the practice in 1969. However, the scope of the respiratory care profession is ever-expanding, and the skills and information needed to be an effective respiratory therapist have expanded with it. With improved technology and vast scientific and medical advances, the body of knowledge required for respiratory therapists has increased greatly since the first edition of the text was published.


Now in its tenth edition, Egan’s Fundamentals of Respiratory Care encompasses the most relevant information to date and has provided a comprehensive knowledge base for students and professionals for more than 40 years. While these updated editions of Egan’s Fundamentals of Respiratory Care still accomplish Dr. Egan’s original goal—“to present what is felt to be the minimum knowledge for the safe and effective administration of inhalation therapy”—this text also goes far beyond the minimum, delving into important concepts and providing detailed information and resources to enhance student comprehension.


Every editor, guest editor, and contributor to the book is a leading figure in respiratory care, and the vast experience of these individuals ensures that critical content is covered accurately. Using the combined knowledge of these individuals, Egan’s Fundamentals of Respiratory Care covers the role of respiratory therapists, the scientific bases for treatment, and clinical application skills. With 51 detailed chapters all focused on a unique aspect of respiratory care, Egan’s Fundamentals of Respiratory Care is without equal in providing the prerequisite information required of a respiratory therapist today.








Organization


This edition of the text is organized in a logical sequence of sections and chapters that build on each other to facilitate comprehension of the material. The earlier sections provide a basis for the profession and cover the physical, anatomic, and physiologic principles necessary to understand succeeding chapters. The later chapters address specific cardiopulmonary diseases and the diagnostic and therapeutic techniques that accompany them. Details on preventive and long-term care are also provided in the later chapters. In order of presentation, the seven sections are:




I Foundations of Respiratory Care


II Applied Anatomy and Physiology


III Assessment of Respiratory Disorders


IV Review of Cardiopulmonary Disease


V Basic Therapeutics


VI Acute and Critical Care


VII Patient Education and Long-Term Care

















Features


There are many characteristic features throughout the book designed with the student in mind, making Egan’s Fundamentals of Respiratory Care unique and engaging as a primary textbook. Each chapter begins in a similar manner, outlining the content and drawing attention to what should be mastered through the use of:




• Chapter Objectives


• Chapter Outlines


• Key Terms





The most important features within each chapter are accented by the ample use of figures and tables containing key information and by the use of:




• “Rules of Thumb”—“Pearls” of information highlighting rules, formulas, and key points necessary to the study of respiratory therapy and to future clinical practice


• “Mini-Clinis”—Critical thinking case studies illustrating potential problems that may be encountered during patient care


• Clinical Practice Guidelines—Statements of care extracted from the AARC list of guidelines defining evidence-based practice


• Therapist Driven Protocols—Examples of decision trees developed by hospitals and used by respiratory therapists to assess patients, initiate care, and evaluate outcomes.





Also, each chapter concludes with:




• A “Summary Checklist” of key points that the student should have mastered on completion of the chapter


• A complete list of references

















New to This Edition


This edition has been updated to reflect the most current information in the National Board for Respiratory Care (NBRC) CRT Content Outline. Also featured is an expanded role for the NBRC Exam Matrix Correlation chart within all of the student and instructor offerings.















Learning Aids



Workbook





The Workbook for Egan’s Fundamentals of Respiratory Care is an exceptional resource for students. Offering a wide range of activities, it allows students to apply the knowledge they have gained using the core text. Presented in an engaging format, the workbook breaks down the more difficult concepts and guides students through the most important information. Beyond the many NBRC-style multiple-choice questions in the workbook, students are challenged with exercises such as fill-in-the-blanks, matching, crossword puzzles, case studies, short answers, and more.








Mosby’s Respiratory Care Online


Designed to supplement the text, Mosby’s Respiratory Care Online, now in its second edition, is a Web-based course designed to help reinforce text content, synthesize difficult concepts, and provide practice to students through a range of interactive audio and visual learning elements. Available as a separate purchase, Mosby’s Respiratory Care Online offers unique learning opportunities beyond what is available in the text. Accommodating different learning styles and environments, the online course features:




• Videos, animations, and slideshows with audio narration


• Image enlarge function for heavily detailed illustrations


• Mini-Clini challenges with representative patient information and simulated electronic medical records


• Audio glossary with a comprehensive list of definitions and pronunciations


• Formulas organized by content area and printable


• Breath sounds


• Ventilator graphics


• Branching logic case studies


• Module examinations with correct and incorrect rationales


• Interactive learning exercises





This online course supplement is accessible only with purchase of an access code. For more information, visit http://evolve.elsevier.com/Egans/.





















For the Instructor



Evolve Resources





Evolve is an interactive learning environment designed to work in coordination with this text. Instructors may use Evolve to provide an Internet-based course component that expands the concepts presented in class. Evolve can be used to publish the class syllabus, outlines, and lecture notes; set up “virtual office hours” and e-mail communication; and encourage student participation through chatrooms and discussion boards. Evolve also allows instructors to post exams and manage their grade books.


Created by the faculty and staff at The University of Medicine and Dentistry of New Jersey School of Health Related Professions, under the direction of Dr. Al Heuer, our Evolve Learning Resources provide instructors with valuable resources to use as they teach, including:




• More than 3000 test bank questions available in ExamView


• Comprehensive PowerPoint presentations for each chapter


• An image collection of the figures in the book





For more information, visit http://evolve.elsevier.com/Egans/ or contact an Elsevier sales representative.
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Chapter Objectives


After reading this chapter you will be able to:


[image: image] Define respiratory care.


[image: image] Summarize some of the major events in the history of science and medicine.


[image: image] Explain how the respiratory care profession got started.


[image: image] Describe the historical development of the major clinical areas of respiratory care.


[image: image] Name some of the important historical figures in respiratory care.


[image: image] Describe the major respiratory care educational, credentialing, and professional associations.


[image: image] Explain how the important respiratory care organizations got started.


[image: image] Describe the development of respiratory care education.


[image: image] Predict future trends for the respiratory care profession.
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mechanical ventilation








National Board for Respiratory Care (NBRC)








oxygen therapy








physician assistant
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respiratory care
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The history of science and medicine is a fascinating topic, which begins in ancient times and progresses to the twenty-first century. Although respiratory care is a newer discipline, its roots go back to the dawn of civilization. The first written account of positive pressure ventilation using mouth-to-mouth resuscitation is thought to have been recorded more than 28 centuries ago.1 Air was thought to be one of the four basic elements by the ancients, and the practice of medicine dates back to ancient Babylonia and Egypt. The progression of science and medicine continued through the centuries, and development of the modern disciplines of anesthesiology, pulmonary medicine, and respiratory care during the twentieth century was dependent on the work of many earlier scientists and physicians. This chapter describes the history and development of the field of respiratory care and possible future directions for the profession.








Definitions


Respiratory care, also known as respiratory therapy, has been defined as the health care discipline that specializes in the promotion of optimal cardiopulmonary function and health.2 Respiratory therapists (RTs) apply scientific principles to prevent, identify, and treat acute or chronic dysfunction of the cardiopulmonary system.2 Respiratory care includes the assessment, treatment, management, control, diagnostic evaluation, education, and care of patients with deficiencies and abnormalities of the cardiopulmonary system.2 Respiratory care is increasingly involved in the prevention of respiratory disease, the management of patients with chronic respiratory disease, and the promotion of health and wellness.2


Respiratory therapists, also known as respiratory care practitioners, are health care professionals who are educated and trained to provide respiratory care to patients. About 75% of all respiratory therapists work in hospitals or other acute care settings.3 However, many respiratory therapists are employed in clinics, physicians’ offices, skilled nursing facilities, cardiopulmonary diagnostic laboratories, and public schools. Others work in research, disease management programs, home care, and industry. Some respiratory therapists work in colleges and universities, teaching students the skills they need to become respiratory therapists. Regardless of practice setting, all direct patient care services provided by respiratory therapists must be done under the direction of a qualified physician. Medical directors are usually physicians who are specialists in pulmonary or critical care medicine.


A human resources survey conducted in 2009 revealed that there were approximately 145,000 respiratory therapists practicing in the United States3; this represented a 9.3% increase over a similar study conducted 4 years earlier in 2005. As the incidence of chronic respiratory diseases continues to increase, the demand for respiratory therapists is expected to be even greater in the years ahead. Although the respiratory therapist as a distinct health care provider was originally a uniquely North American phenomenon, since the 1990s there has been a steady increase in interest of other countries in having specially trained professionals provide respiratory care. This trend is referred to as the “globalization of respiratory care.”














History of Respiratory Medicine and Science


Several excellent reviews of the history of respiratory care have been written, and the reader is encouraged to review these publications.1,4-6 Summaries of notable historical events in science, medicine, and respiratory care are provided in Tables 1-1 and 1-2. A brief description of the history of science and medicine follows.




TABLE 1-1


Major Historical Events in Science, Medicine, and Respiratory Care from Ancient Times to the Nineteenth Century










	Dates

	Historical Event










	Ancient Period






	1550 bc


	What may be the world’s oldest medical document, known as Ebers Papyrus, describes an ancient Egyptian inhalational treatment for asthma






	800 bc


	Biblical reference to what may be the first recorded episode of mouth-to-mouth resuscitation






	500-300 bc


	Hippocrates (460-370 bc; Greece) describes diseases as “humoral disorders” and speculates that an essential substance in air enters the heart and is distributed throughout the body






	304 bc


	Erasistratus of Alexandria describes the pneumatic theory of respiration, in which air travels through the lungs to the heart and then through the air-filled arteries to the tissues of the body






	100-200 ad


	Galen (130-199 ad) in Asia Minor identifies “pneuma” as the vital substance in inspired air that enters the heart and then the blood






	Middle Ages (500-1500 ad) and Renaissance (1450-1600)






	500-1500 ad


	The Middle Ages brings a period of little scientific progress in the West; however, this period coincides with the Golden Age of Arabian medicine (850-1050 ad)






	1400s-1500s

	da Vinci (1452-1519; Italy) performs human dissections and physiologic experiments on animals, learning that subatmospheric intrapleural pressures inflate the lungs and that there is a vital substance in air that supports combustion






	1542

	Vesalius (1514-1564; Belgium), one of the great early pioneers in human anatomy, performs a thoracotomy on a pig, placing a reed tracheotomy tube for ventilation of the animal, and resuscitates an apparently dead person






	Seventeenth Century (1600s)






	1628

	Harvey (1578-1657; England) describes the arterial and venous circulatory systems






	1643

	Torricelli (1608-1647; Italy) builds the world’s first barometer for measurement of atmospheric pressure






	1648

	Pascal (1623-1662) describes the relationship between altitude and barometric pressure






	1662; 1666

	Boyle (1627-1691; England) explains the inverse relationship between gas pressure and volume (Boyle’s law: pressure [P] × volume [V] = k or [P1V1] = [P2V2]). Boyle also describes a mysterious substance in air that supports combustion






	1683

	van Leewenhoek (1632-1723; Holland) improves the microscope and begins the science of microbiology






	Eighteenth Century (1700s)






	1738

	Bernoulli (1700-1782; Switzerland) determines that as the velocity of a liquid or gas increases, the pressure decreases (Bernoulli principle). Bernoulli also proposed that gases are composed of tiny particles in rapid, random motion. This idea became the basis of the modern kinetic theory of gases, which was developed further by Maxwell (1831-1879; Scotland) in 1860






	1744

	Fothergill (1712-1780; England) reports successful resuscitation methods






	1754

	Black (1728-1799; Scotland) rediscovers carbon dioxide, which he calls “fixed air” (prior work had been done by van Helmot in the 1600s)






	1771

	Scheele (1742-1786; Sweden) makes “fire air” (oxygen) by heating magnesium oxide; Scheele’s findings are published in June 1774






	1774

	Priestley (1733-1804; England), usually credited with the discovery of oxygen, publishes his work on “dephlogisticated air” (oxygen) 3 months after Scheele’s report






	1775

	Lavosier (1743-1794; France) renames “dephlogisticated air” “oxygen,” or “acid maker” and shows that oxygen is absorbed by the lungs and consumed by the body, producing carbon dioxide and water vapor, which are exhaled






	1776

	Hunter (1728-1793; England) recommends use of a fireplace bellows for artificial ventilation






	1787

	Charles (1746-1823; France) describes the relationship between gas temperature and volume; Charles’ law: volume (V)/temperature (T) = constant; or (V1/T1) = (V2/T2)






	1794

	Lavosier (1743-1794; France) describes oxygen absorption by the lungs and carbon dioxide production






	1798

	Beddoes (1760-1808; England) establishes the Pneumatic Institute in Bristol and uses oxygen to treat various disorders






	Nineteenth Century (1800s)






	1800

	Henry (1774-1836; England) determines that the amount of gas dissolved in a liquid is directly proportioned to its partial pressure (Henry’s law)






	1800s

	Fick (1829-1911) describes a method to calculate cardiac output based on oxygen consumption and arterial and venous oxygen content: [image: image]







	1801-1808

	Dalton (1766-1844; England) describes his atomic theory and the relationship between the partial pressures and total pressure of a gas mixture; Dalton’s law: P1 + P2 + P3 … PN = PTotal, where P = pressure






	1806

	de LaPlace (1749-1827; France) describes the relationship between pressure and surface tension in fluid droplets






	1808

	Gay-Lussac (1778-1850; France) describes the relationship between gas pressure and temperature; Gay-Lussac’s law: pressure (P)/temperature (T) = constant; or (P1/T1) = (P2/T2)






	1811

	Avogadro (1776-1856; Italy) describes “Avogadro principle,” where equal volumes of all gases (at the same temperature and pressure) contain the same number of molecules






	1816

	Laennec (1781-1826; France) invents the stethoscope for chest auscultation and lays the foundation for modern pulmonology with his book Diseases of the Chest







	1831

	Graham (1805-1869; Scotland) describes diffusion of gases (Graham’s law)






	1837

	Magnus (1802-1870; Germany) measures arterial and venous blood oxygen and carbon dioxide content






	1846

	Hutchinson (1811-1861; England) develops the spirometer and measures the vital capacity of more than 2000 human subjects






	1864

	Jones (United States) patents a negative pressure device to support ventilation






	1865

	Pasteur (1822-1895; France) describes his “germ theory” of disease






	1876

	Woillez develops the spirophore negative pressure ventilator






	1878

	Bert (1833-1886; France) shows that low inspired oxygen levels cause hyperventilation






	1880

	MacEwen reports success with oral endotracheal intubation






	1885

	Miescher-Rusch demonstrates that carbon dioxide is the major stimulus for breathing






	1886; 1904

	Bohr (1855-1911; Danish) describes the oxyhemoglobin dissociation curve






	1888

	The Fell-O’Dwyer device combines a foot-operated bellows with a laryngeal tube for ventilatory support






	1895

	Roentgen (1845-1923; Germany) discovers the “x-ray.” A direct vision laryngoscope is introduced by Jackson in the United States and Kirstein in Germany
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Data from references 1, 3-13, and 16.







TABLE 1-2


Major Historical Events in Science, Medicine, and Respiratory Care in the Twentieth and Twenty-First Centuries








	Twentieth Century

	 






	Early 1900s

	Bohr (1855-1911; Denmark), Hasselbach (1874-1962; Denmark), Krogh (1874-1940; Denmark), Haldane (1860-1936; Scotland), Barcroft (1872-1947; Ireland), Priestly (1880-1941; Britain), Y. Henderson (1873-1944; United States), L.J. Henderson (1878-1942; United States), Fenn (1893-1971; United States), Rahn (1912-1990; United States), and others make great strides in respiratory physiology and the understanding of oxygenation, ventilation, and acid-base balance






	1904

	Bohr, Hasselbach, and Krogh (1874-1940) describe the relationships between oxygen and carbon dioxide transport. Sauerbruch (1875-1951; Germany) uses a negative pressure operating chamber for surgery in Europe






	1907

	von Linde (1842-1934; Germany) begins large-scale commercial preparation of oxygen






	1909

	Melltzer (1851-1920; United States) introduces oral endotracheal intubation






	1910

	Oxygen tents are in use, and the clinical use of aerosolized epinephrine is introduced






	1911

	Drager (1847-1917; Germany) develops the Pulmotor ventilator for use in resuscitation






	1913

	Jackson develops a laryngoscope to insert endotracheal tubes






	1918

	Oxygen mask is used to treat combat-induced pulmonary edema






	1919

	Strohl (1887-1977; France) suggests the use of FVC as a measure of pulmonary function






	1920

	Hill develops an oxygen tent to treat leg ulcers






	1926

	Barach develops an oxygen tent with cooling and carbon dioxide removal






	1928

	Drinker develops his “iron lung” negative pressure ventilator






	1938

	Barach develops the meter mask for administering dilute oxygen. Boothby, Lovelace, and Bulbulian devise the BLB mask at the Mayo Clinic for delivering high concentrations of oxygen






	1940

	Isoproterenol, a potent beta-1 and beta-2 bronchodilator administered via aerosol, is introduced. Most common side effects are cardiac (beta-1)






	1945

	Motley, Cournand, and Werko use IPPB to treat various respiratory disorders






	1947

	The ITA is formed in Chicago, Illinois. The ITA later becomes the AARC






	1948

	Bennett introduces the TV-2P positive pressure ventilator






	1948

	FEV1 is introduced as a pulmonary function measure of obstructive lung disease






	1951

	Isoetherine (Bronkosol), a preferential beta-2 aerosol bronchodilator with fewer cardiac side effects, is introduced






	1952

	Mørch introduces the piston ventilator






	1954

	The ITA becomes the AAIT






	1958

	Bird introduces the Bird Mark 7 positive pressure ventilator






	1960

	The Campbell Ventimask for delivering dilute concentrations of oxygen is introduced






	1961

	Jenn becomes the first registered respiratory therapist. Also, metaproterenol, a preferential beta-2 bronchodilator, is introduced






	1963

	Board of Schools is formed to accredit inhalation therapy educational programs






	1964

	The Emerson Postoperative Ventilator (3-PV) positive pressure volume ventilator is introduced






	1967

	The Bennett MA-1 volume ventilator is introduced, ushering in the modern age of mechanical ventilatory support for routine use in critical care units






	1967

	Combined pH-Clark-Severinghaus electrode is developed for rapid blood gas analysis






	1968

	Fiberoptic bronchoscope becomes available for clinical use. The Engström 300 and Ohio 560 positive pressure volume ventilators are introduced






	1969

	ARDS and PEEP are described by Petty, Ashblaugh, and Bigelow






	1970

	Swan-Ganz catheter developed for measurement of pulmonary artery pressures. The ARCF is incorporated. The JRCITE is incorporated to accredit respiratory therapy educational programs






	1971

	Continuous positive airway pressure is introduced by Gregory. Respiratory Care journal is named






	1972

	Siemens Servo 900 ventilator is introduced






	1973

	IMV is described by Kirby and Downs. The AAIT becomes the AART






	1974

	IMV Emerson ventilator is introduced






	1974

	NBRT is formed






	1975

	Bourns Bear I ventilator is introduced






	1977

	The JRCITE becomes the JRCRTE






	1978

	Puritan Bennett introduces the MA-2 volume ventilator. The AAR Times magazine is introduced






	1979

	AIDS is recognized by the Centers for Disease Control (CDC [later, Centers for Disease Control and Prevention])






	1982

	Siemens Servo 900C and Bourns Bear II ventilators are introduced






	1983

	The NBRT becomes the NBRC






	1983

	President Reagan signs proclamation declaring National Respiratory Care Week






	1984

	Bennett 7200 microprocessor controlled ventilator is introduced






	1984

	The AART is renamed the AARC






	1991

	Servo 300 ventilator is introduced






	1992, 1993

	The AARC holds national respiratory care education consensus conferences






	1994

	The CDC publishes the first guidelines for the prevention of VAP






	1998

	The CoARC is formed, replacing the JRCRTE






	Twenty-First Century

	 






	2002

	The NBRC adopts a continuing competency program for respiratory therapists to maintain their credentials






	2002

	The Tripartite Statements of Support are adopted by the AARC, NBRC, and CoARC to advance respiratory care education and credentialing






	2003

	The AARC publishes its white paper on the development of baccalaureate and graduate education in respiratory care. Asian bird flu appears in South Korea






	2004

	The Fiftieth AARC International Congress is held in New Orleans






	2005

	Number of working respiratory therapists in the United States reaches 132,651






	2006

	The National Heart, Lung and Blood Institute (NHLBI) of the U.S. Department of Health and Human Services begins national awareness and education campaign for COPD. The AARC works with government officials to recruit and train respiratory therapists for disaster response






	2007

	The first AARC president to serve a 2-year term begins term of office






	2008

	First of three conferences held for 2015 and Beyond strategic initiative of the AARC









Data from references 1, 3-13, and 16.











Ancient Times


Humans have been concerned about the common problems of sickness, disease, old age, and death since primitive times. Early cultures developed herbal treatments for many diseases, and surgery may have been performed in Neolithic times. Physicians practiced medicine in ancient Mesopotamia, Egypt, India, and China.1,4,7 However, the foundation of modern Western medicine was laid in ancient Greece with the development of the Hippocratic Corpus.1,4,7,8 This ancient collection of medical treatises is attributed to the “father of medicine,” Hippocrates, a Greek physician who lived during the fifth and fourth centuries bc.1,7,8 Hippocratic medicine was based on four essential fluids, or “humors”—phlegm, blood, yellow bile, and black bile—and the four elements—earth (cold, dry), fire (hot, dry), water (cold, moist), and air (hot, moist). Diseases were thought to be humoral disorders caused by imbalances in these essential substances. Hippocrates believed there was an essential substance in air that was distributed to the body by the heart.1 The Hippocratic Oath, which admonishes physicians to follow certain ethical principles, is given in a modern form to many medical students at graduation.1,8


Aristotle (384-322 bc), a Greek philosopher and perhaps the first great biologist, believed that knowledge could be gained through careful observation.1,8 Aristotle made many scientific observations, including observations obtained by performing experiments on animals. Erasistratus (about 330-240 bc), regarded by some as the founder of the science of physiology, developed a pneumatic theory of respiration in Alexandria, Egypt, in which air (“pneuma”) entered the lungs and was transferred to the heart.1,7 Galen (130-199 ad) was an anatomist in Asia Minor whose comprehensive work dominated medical thinking for centuries.1,6,7 Galen also believed that inspired air contained a vital substance that somehow charged the blood through the heart.1














Middle Ages, the Renaissance, and the Enlightenment Period


The Romans carried on the Greek traditions in philosophy, science, and medicine. With the fall of the Western Roman Empire in 476 ad, many Greek and Roman texts were lost and Europe entered a period during which there were few advances in science or medicine. In the seventh century ad, the Arabians conquered Persia, where they found and preserved many of the works of the ancient Greeks, including the works of Hippocrates, Aristotle, and Galen.1,7 A Golden Age of Arabian medicine (850-1050 ad) followed.


An intellectual rebirth in Europe began in the twelfth century.1,7 Medieval universities were formed, and contact with the Arabs in Spain and Sicily reintroduced ancient Greek and Roman texts. Magnus (1192-1280) studied the works of Aristotle and made many observations related to astronomy, botany, chemistry, zoology, and physiology. The Renaissance (1450-1600) ushered in a period of scientific, artistic, and medical advances. da Vinci (1452-1519) studied human anatomy, determined that subatmospheric interpleural pressures inflated the lungs, and observed that fire consumed a vital substance in air without which animals could not live.1,4 Vesalius (1514-1564), considered to be the founder of the modern field of human anatomy, performed human dissections and experimented with resuscitation.1 In 1543, the date commonly given as the start of the modern Scientific Revolution, Copernicus observed that the Earth orbited the sun.8 Before this time, it had been accepted that the Earth was the center of the universe.


The seventeenth century was a time of great advances in science. Accomplished scientists from this period include Kepler, Bacon, Galileo, Pascal, Hooke, and Newton. In 1628, Harvey fully described the circulatory system.4,8 In 1662, the chemist Boyle published what is now known as Boyle’s law, governing the relationship between gas volume and pressure.8 Torricelli invented the barometer in 1650, and Pascal showed that atmospheric pressure decreases with altitude.1,4 van Leeuwenhoek (1632-1723), known as the “father of microbiology,” improved the microscope and was the first to observe and describe single-celled organisms, which he called “animalcules.”7


The eighteenth-century Enlightenment Period brought further advances in the sciences. In 1754, Black described the properties of carbon dioxide, although the discovery of carbon dioxide should be credited to van Helmont, whose work occurred about 100 years earlier.1 In 1774, Priestley described his discovery of oxygen, which he called “dephlogisticated air.”1,4 Before 1773, Scheele performed the laboratory synthesis of oxygen, which he called “fire air”; a general description of his discovery appeared in 1774, and a more thorough description appeared in 1777.1,4 Shortly after the discovery of oxygen, Spallazani worked out the relationship between the consumption of oxygen and tissue respiration.1 In 1787, Charles described the relationship between gas temperature and volume now known as Charles’ law.8 In experiments performed between 1775 and 1794, Lavoisier showed that oxygen was absorbed by the lungs and that carbon dioxide and water were exhaled.1,4 In 1798, Beddoes began using oxygen to treat various conditions at his Pneumatic Institute in Bristol.1,4














Nineteenth and Early Twentieth Centuries


During the nineteenth century, important advances were made in physics and chemistry related to respiratory physiology. Dalton described his law of partial pressures for a gas mixture in 1801 and his atomic theory in 1808.8 Young in 1805 and de LaPlace in 1806 described the relationship between pressure and surface tension in fluid droplets.8 Gay-Lussac described the relationship between gas pressure and temperature in 1808, and in 1811, Avogadro stated that equal volumes of gases at the same temperature and pressure contain the same number of molecules.1,8 In 1831, Graham described his law of diffusion for gases (Graham’s law).8


In 1865, Pasteur advanced his “germ theory” of disease, which held that many diseases are caused by microorganisms.8 Medical advances during this time included the invention of the spirometer and ether anesthesia in 1846, antiseptic techniques in 1865, and vaccines in the 1880s.1,4,7 Koch, a pioneer in bacteriology, discovered the tubercle bacillus, which causes tuberculosis, in 1882 and the vibrio bacterium, which causes cholera, in 1883.7 Respiratory physiology also progressed with the measurement in 1837 of blood oxygen and carbon dioxide content, the description around 1880 of the respiratory quotient, demonstration in 1885 that carbon dioxide is the major stimulant for breathing, and demonstration in 1878 that oxygen partial pressure and blood oxygen content were related.1,4,9 In 1895, Roentgen discovered the x-ray, and the modern field of radiologic imaging sciences was born.8 Pioneering respiratory physiologists of the early twentieth century described oxygen diffusion, oxygen and carbon dioxide transport, the oxyhemoglobin dissociation curve, acid-base balance, and the mechanics of breathing and made other important advances in respiratory physiology (see Table 1-2).





















Development of the Respiratory Care Profession



Clinical Advances in Respiratory Care





The evolution of the respiratory care profession depended in many ways on developments in the various treatment techniques that matured in the twentieth century. As the scientific basis for oxygen therapy, mechanical ventilatory support, and administration of medical aerosols became well established, the need for a health care practitioner to provide these services became apparent. Concurrent with this need was the continuing development of specialized cardiopulmonary diagnostic tests and monitoring procedures, which also required health care specialists to perform.


The first health care specialists in the field were oxygen technicians in the 1940s.1,4,5 The first inhalation therapists were oxygen technicians or oxygen orderlies who could haul cylinders of oxygen and related equipment around the hospital and set up oxygen tents, masks, and nasal catheters. The development of positive pressure breathing during World War II for breathing support of high-altitude pilots led to its use as a method to treat pulmonary patients and deliver aerosol medications during the 1950s, expanding the role of the inhalation therapist. Inhalation therapists began to be trained in the 1950s, and formal education programs began in the 1960s.1,4,5 The development of sophisticated mechanical ventilators in the 1960s naturally led to a further expansion in the role of respiratory therapists, who soon also found themselves responsible for arterial blood gas and pulmonary function laboratories. In 1974, the designation “respiratory therapist” became standard, and the respiratory therapist became the allied health professional primarily concerned with the assessment, diagnostic testing, treatment, education, and care of patients with deficiencies and abnormalities of the cardiopulmonary system. The historical development of several clinical areas of respiratory care is described next, followed by an overview of the establishment of the major professional organizations in the field. The evolution of respiratory care education is also described.





[image: image] Rule of Thumb


When looking for information about the respiratory care profession, the best place to look is the AARC (see www.AARC.org).











Oxygen Therapy


Although the therapeutic administration of oxygen first occurred in 1798, and Bert showed that lack of oxygen caused hyperventilation in 1878, the physiologic basis and indications for oxygen therapy were not well understood until the twentieth century.1,4 Large-scale production of oxygen was developed by von Linde in 1907. The use of a nasal catheter for oxygen administration was introduced by Lane in the same year.1,4 Oxygen tents were in use in 1910, and an oxygen mask was used to treat combat gas–induced pulmonary edema in 1918.1 In 1920, Hill developed an oxygen tent to treat leg ulcers, and in 1926, Barach introduced a sophisticated oxygen tent for clinical use. Oxygen chambers and whole oxygen rooms were designed.1,4 In 1938, a meter mask was developed by Barach to administer dilute oxygen.1,4 The BLB mask (named for Boothby, Lovelace, and Bulbulian) to administer 80% to 100% oxygen to pilots was introduced during World War II and later used on patients.1,4 By the 1940s, oxygen was widely prescribed in hospitals, although there was still no good way to measure blood oxygen levels routinely until the mid-1960s, with the introduction of the Clark electrode, followed by the clinical use of the ear oximeter in 1974 and the pulse oximeter in the 1980s.1,4,5 The Campbell Ventimask, which allowed the administration of 24%, 28%, 35%, or 40% oxygen, was introduced in 1960, and modern versions of the nasal cannula, simple oxygen mask, partial rebreathing mask, and nonrebreathing mask were available by the late 1960s. Portable liquid oxygen systems for long-term oxygen therapy in the home were introduced in the 1970s, and the oxygen concentrator soon followed. Oxygen-conserving devices, including reservoir cannulas, demand pulse oxygen systems, and transtracheal oxygen catheters, were introduced in the 1980s.


The 2000s saw further advances in home oxygen therapy equipment with the introduction of oxygen concentrators used in conjunction with a pressure booster to allow for the transfilling of small, portable oxygen cylinders in the home. Smaller, lightweight portable oxygen concentrators were also introduced. Both of these advances have greatly enhanced the ability of patients receiving long-term oxygen therapy to ambulate beyond the confines of their home.














Aerosol Medications


Aerosol therapy is defined as the administration of liquid or powdered aerosol particles via inhalation to achieve a desired therapeutic effect. Bland aerosols (sterile water, saline solutions) or solutions containing pharmacologically active drugs may be administered. In 1802, the use of inhaled Datura leaf fumes, which contain atropine, to treat asthma was described.10 Early use of aerosol medications dates to 1910, when the first use of aerosolized epinephrine was reported. Later, other short-acting bronchodilators such as isoproterenol (1940), isoetharine (1951), metaproterenol (1961), albuterol sulfate (1980), and levalbuterol (2000) were introduced, primarily for the emergency treatment of acute asthma attacks.10 Oral and injectable steroids were first used in the treatment of asthma in the early 1950s, and the use of aerosolized steroids for the maintenance of patients with moderate to severe asthma began in the 1970s.10 Since that time, numerous medications have been designed for aerosol administration, including long-acting bronchodilators, mucolytics, antibiotics, and antiinflammatory agents. Along with newer respiratory drugs, newer delivery devices such as dry powder inhalers and innovative designs for small volume nebulizers have been introduced.














Mechanical Ventilation


Mechanical ventilation refers to the use of a mechanical device to provide ventilatory support for patients. In 1744, Fothergill advocated mouth-to-mouth resuscitation for drowning victims.1,6 During the mid to late 1700s, there was a great deal of interest in resuscitation, and additional procedures for cardiopulmonary resuscitation (CPR) were developed.1,4,6 Positive pressure ventilation using a bag-mask system or bellows was suggested. However, the observation that a fatal pneumothorax may result caused this technique to be rejected around 1827.1,4 Interest in negative pressure ventilation developed, and the first negative pressure tank ventilator was described in 1832.6 Other negative pressure ventilators began to appear in the mid-1800s; in 1928, the iron lung was developed by Drinker, an industrial hygienist and faculty member at Harvard University.1 Emerson developed a commercial version of the iron lung that was used extensively during the polio epidemics of the 1930s and 1950s (Figure 1-1).1,11 The chest cuirass negative pressure ventilator was introduced in the early 1900s, and a negative pressure “wrap” ventilator was introduced in the 1950s.12 Other early noninvasive techniques to augment ventilation included the rocking bed (1950) and the pneumobelt (1959).12
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FIGURE 1-1 Iron lung patients in a 1950s polio ward. (From the Associated Press and Post-Gazette.com Health, Science and Environment. http://www.post-gazette.com/pg/05094/482468.stm.)








Originally, positive pressure ventilators were developed for use during anesthesia and later were altered for use on hospital wards.13 Early positive pressure ventilators included the Drager Pulmotor (1911), the Spiropulsator (1934), the Bennett TV-2P (1948), the Morch Piston Ventilator (1952), and the Bird Mark 7 (1958) (Figure 1-2).1,13 More sophisticated positive pressure volume ventilators were developed in the 1960s and included the Emerson Postoperative Ventilator, MA-1 (Figure 1-3), Engstrom 300, and Ohio 560.1,13 A new generation of volume ventilators appeared in the 1970s that included the Servo 900, Bourns Bear I and II, and MA-II. By the 1980s, microprocessor-controlled ventilators began to appear, led by the Bennett 7200 in 1984, and in 1988, the Respironics BiPAP (bilevel positive airway pressure) device was introduced for providing noninvasive positive pressure ventilation in a wide variety of settings.1 During the 1990s and early 2000s, new ventilators have continued to be developed, including the Hamilton Galileo, Servo-i, Bennett 840, and Drager Evita series (see Chapter 42). Since 1970, more than 50 new ventilators have been introduced with various characteristics for clinical use.14,15
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FIGURE 1-2 Bird Mark 7, introduced in 1958 by Bird (A), and Bennett PR-2, introduced in 1963 by Bennett (B), were pneumatically powered, pressure-limited positive pressure ventilators that could provide assist-control ventilation and were used to deliver IPPB treatments.
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FIGURE 1-3 Bennett MA-1 ventilator, introduced in 1967, played a major role in making mechanical ventilatory support routinely available in intensive care units throughout the world.








Early mechanical ventilators provided only controlled ventilation. “Assist-control” as a mode of ventilation appeared with the early Bird and Bennett pressure-limited ventilators in the 1950s, which were often used for intermittent positive pressure breathing (IPPB). Positive end-expiratory pressure (PEEP) was introduced for use in patients with acute respiratory distress syndrome (ARDS) in 1967. The modern form of intermittent mandatory ventilation (IMV) was introduced in 1971, followed by synchronized intermittent mandatory ventilation in 1975 and mandatory minute volume ventilation in 1977.1,4 Pressure support ventilation and pressure control ventilation were introduced in the 1980s, followed by airway pressure release ventilation and inverse ratio ventilation. In the 1990s, volume support ventilation, pressure-regulated volume control, and adaptive support ventilation were introduced. The commercial implementation of proportional assist ventilation and other modes of ventilation occurred in the twenty-first century.


Because traditional short-term mechanical ventilation, regardless of mode, necessitates the use of an endotracheal tube, there is always the potential for a serious infection known as ventilator-associated pneumonia (VAP). VAP is a deadly and very costly consequence of invasive mechanical ventilation that develops when external microorganisms accidentally enter the airway. There has been a concerted effort to try to support inadequate ventilation noninvasively, by using a nasal or full-face mask, to avoid the need for endotracheal intubation. When noninvasive ventilation does not work and endotracheal intubation is necessary, respiratory therapists must be constantly vigilant in their efforts to prevent VAP.














Airway Management


Airway management refers to the use of various techniques and devices to establish or maintain a functional air passageway. Tracheotomies may have been performed to relieve airway obstruction in 1500 bc.6 Galen, the Greek anatomist, described a tracheotomy and laryngeal intubation in 160 ad. Vesalius, the anatomist, described a tracheotomy in an animal in 1555.1,6 In 1667, Hooke described a tracheotomy and use of a bellows for ventilation.6 In 1776, tracheal intubation was suggested for resuscitation.6 In 1880, MacEwen reported success with oral endotracheal intubation in patients.6 O’Dwyer further described the technique for endotracheal tube placement. By 1887, Fell had developed a bellows-endotracheal tube system for mechanical ventilation, and this system was used in 1900 to deliver anesthesia.6


In 1913, the laryngoscope was introduced by Jackson. Additional early laryngoscopes were designed by Kirstein, Janeway, and others.1,6 Endotracheal intubation for anesthesia administration was firmly established by World War I. After the war, Magill introduced the use of soft rubber endotracheal tubes, and this made blind nasal intubation possible, as described by Magill in 1930.6 In 1938, Haight advocated nasotracheal suctioning for secretion removal, and in 1941, Murphy described the ideal suction catheter, which included side holes known as “Murphy eyes.”6 The double-lumen Carlen tube for independent lung ventilation was introduced in 1940, followed by a double-lumen tube developed by Robertshaw in 1962. Damage to the trachea by the tube cuff was reduced with the introduction of low-pressure cuffs in the 1970s.6














Cardiopulmonary Diagnostics and Pulmonary Function Testing


Pulmonary function testing refers to a wide range of diagnostic procedures to measure and evaluate lung function. The volume of air that can be inhaled in a single deep breath was first measured in 1679, and the measurement of the lung’s residual volume was first performed in 1800.9 In 1846, Hutchinson developed a water seal spirometer, with which he measured the vital capacity of more than 2000 subjects.9,16 Hutchinson observed the relationship between height and lung volume and that vital capacity decreases with age, obesity, and lung disease. Hering and Breuer described the effects of lung inflation and deflation on breathing—the “Hering-Breuer reflex”—in 1868.4 In 1919, Strohl suggested the use of forced vital capacity (FVC), and in 1948, forced expiratory volume in 1 second (FEV1) was suggested as a measure of obstructive lung disease by Tiffeneau.9


Arterial and venous oxygen and carbon dioxide contents were measured in 1837, and methods to measure blood oxygen and carbon dioxide levels were available in the 1920s. These early methods for measuring blood oxygen, carbon dioxide, and pH were slow and cumbersome. In 1967, the combined pH, Clark, and Severinghaus electrodes produced a rapid and practical blood gas analyzer for routine clinical use.1,4 The ear oximeter was introduced in 1974, and the pulse oximeter was introduced in the 1980s. Sleep medicine became well established in the 1980s, and polysomnography became a routine clinical test, often performed by respiratory therapists.





















Professional Organizations and Events



American Association for Respiratory Care (AARC)





Founded in 1947 in Chicago, the Inhalational Therapy Association (ITA) was the first professional association for the field of respiratory care.1,4,5 The purpose of the ITA was to provide for professional advancement, foster cooperation with physicians, and advance the knowledge of inhalation therapy through educational activities.5 The ITA provided a forum to discuss the clinical application of oxygen therapy, improve patient care, and advance the art and science of the field.1 There were 59 charter members of the ITA.1 The ITA became the American Association for Inhalation Therapists (AAIT) in 1954, the American Association for Respiratory Therapy (ARRT) in 1973, and the American Association for Respiratory Care (AARC) in 1982.4,5 By early 2011, membership in the AARC had reached 52,000 respiratory therapists, respiratory therapy students, physicians, nurses, and others interested in respiratory care. The AARC also has a formal affiliation with all 50 state respiratory societies (known as Chartered Affiliates) as well as with similar organizations in several foreign countries.17





Mini Clini


Preparing a Presentation for Respiratory Care Week





[image: image] Problem


You are a staff therapist in a 300-bed hospital. Your supervisor asks you to prepare a 20-minute presentation on the history and development of the respiratory care profession to be presented at the department’s annual Respiratory Care Week luncheon. How would you gather the information needed and develop your presentation?








Solutions


First, review Chapter 1 in your textbook to get an overview of the history and development of the respiratory care profession. You may also want to read one or two of the supplemental references that are cited. Next, go to the AARC website (see www.AARC.org) and review the “Resources” and “Site Map” sections, which list many helpful resources. You should be able to find sections on “The History of the AARC,” “Strategic Plan of the AARC,” “Position Statements,” and “White Papers.” You should also find a section on Respiratory Care Week. Review the material that the AARC has provided and develop an outline for your presentation. Your outline may include a brief overview of the history of science and medicine, the development of the respiratory care profession, and the future of respiratory care in the twenty-first century. After you have your outline, decide on your delivery method. PowerPoint slides are easy to make and use. If you choose to do a PowerPoint presentation, a good rule of thumb is about one slide per minute, so you would need about 20 slides. Using your outline, begin to develop your presentation.








During the 1980s, the AARC began a major push to introduce state licensure for respiratory therapists based on the National Board for Respiratory Care (NBRC) credentials. As of 2011, 49 states, the District of Columbia, and Puerto Rico have state licensure or some other form of legal credentialing required for the practice of respiratory care. State licensing laws set the minimum educational requirements and the method of determining competence to practice. Competency is typically determined by obtaining a passing grade on a credentialing examination (administered by the NBRC) after graduation from an approved training program. State licensing boards also set the number of continuing education credits required to keep a license active.


The stated mission of the AARC is to “encourage and promote professional excellence, advance the science and practice of respiratory care, and serve as an advocate for patients, their families, the public, the profession and the respiratory therapist.”18 The AARC serves as an advocate for the profession to legislative and regulatory bodies, the insurance industry, and the general public. To fulfill its mission, the AARC sponsors many continuing educational activities, including international meetings, conferences and seminars, publications, and a sophisticated website (see www.AARC.org). In addition to the monthly science journal Respiratory Care, the AARC publishes the monthly news magazine AARC Times and numerous electronic newsletters. In the fall of each year, the AARC also sponsors the International Respiratory Congress, the largest respiratory care scientific meeting in the world. Finally, in an effort to ensure that the unique practice interests of AARC members are addressed (e.g., neonatal/pediatrics, adult acute care, management, home care, diagnostics), members are invited to join one or more of 10 Specialty Sections (Box 1-1) within the AARC, designed to facilitate networking and the free exchange of ideas.





Box 1-1   AARC Specialty Sections







Adult Acute Care


Continuing Care/Rehabilitation


Diagnostics


Education


Home Care


Long-Term Care


Management


Neonatal/Pediatrics


Sleep


Surface and Air Transport








The leadership and direction of the AARC is provided by a Board of Directors, which comprises members who volunteer their time and services. The executive officers of the Board of Directors include the president, immediate past-president, president-elect, vice-president for internal affairs, vice-president for external affairs, and secretary-treasurer. The remainder of the Board of Directors consists of a minimum of six members-at-large plus the chairpersons of the Specialty Sections having at least 1000 members. At the present time, 6 of the 10 Specialty Sections meet this requirement. All members of the Board of Directors, including Specialty Section chairpersons, are elected directly by the AARC membership. The AARC Board of Directors meets three times a year to conduct the official business of the association.


Each year, the incoming AARC president assigns interested members to chair or serve on more than 50 standing or temporary AARC committees. Many of the initiatives of the AARC are undertaken and eventually brought to completion through committee work. The AARC Board of Directors also receives input from each of the 50 Chartered Affiliates that constitute the House of Delegates. Each Chartered Affiliate elects two of their members to represent the interests of their state affiliate in the meetings of the House of Delegates. The 100 delegates elect their own leaders so that they can conduct the business of the House of Delegates. The House of Delegates meets twice a year. The efforts of the Board of Directors, the House of Delegates, and the numerous committees of the AARC are supported by a staff of more than 35 employees of the AARC who work fulltime in the association’s executive offices located in Irving, Texas.


Many volunteers who have been elected to the AARC or House of Delegates leadership positions or have been asked to chair important committees started by volunteering at the affiliate level. Student members of the AARC are always welcomed as volunteers, especially at the affiliate level. Student members of the AARC have access to a wide array of resources that can greatly enhance the experience of becoming a professional respiratory therapist.








Respiratory Care Week


In November 1982, President Reagan signed a proclamation declaring the third week of each October as National Respiratory Care Week. Since then, Respiratory Care Week has become a yearly event to promote lung awareness and the work of respiratory therapists is all care settings. Respiratory therapists (and students) around the United States use Respiratory Care Week to celebrate their profession and dedication to quality patient care. Many respiratory care departments use the opportunity to conduct special events in their hospitals to help raise awareness of the vital role the respiratory therapist plays as a member of the health care team. Other departments plan community activities to help the public understand the importance of good lung health and the role respiratory therapists play in diagnosing and treating breathing disorders. Respiratory Care Week is also an excellent opportunity for respiratory therapy students to become ambassadors of the profession to the rest of the student body. Some respiratory therapy classes conduct free breathing tests on campus, in shopping malls, or in community centers.














Fellow of the American Association for Respiratory Care (FAARC)


In any given profession, there are always individuals who go above and beyond what is expected of the average practitioner. To recognize respiratory therapists and physician members who have done so in our profession, the AARC established the Fellow of the American Association for Respiratory Care (FAARC) award in 1998. To be considered for FAARC status, nominees must be either a registered respiratory therapist or a licensed physician and have a minimum of 10 consecutive years of membership in the AARC. Of greater importance, nominees for FAARC must show superior achievement in patient care and as a volunteer serving the profession. Individuals selected to receive this prestigious award are so noted by having “FAARC” appear after their name following educational degrees and credentials.














Board of Medical Advisors (BOMA)


Because respiratory therapists can practice only under medical direction, it is essential that the AARC leadership receive formal input from physicians on all matters and questions pertaining to patient care. The Board of Medical Advisors (BOMA) is the group of physicians who provide this valuable input. The BOMA comprises approximately 18 physicians who are appointed by their respective professional medical associations (e.g., American College of Chest Physicians, American Thoracic Society, Society for Critical Care Medicine) to serve this cause voluntarily. The BOMA meets annually, but the chairperson of the BOMA attends all meetings of the AARC Board of Directors. Individual members of the BOMA are assigned by the AARC president to serve as a medical liaison to each of the 10 Specialty Sections of the AARC. Effective medical direction at the hospital level is indispensable for the practice of safe, high-quality respiratory care.














American Respiratory Care Foundation (ARCF)


Established in 1970 by the AARC, the American Respiratory Care Foundation (ARCF) is a not-for-profit charitable foundation that helps promote and further the mission of the AARC. Commonly known as the Foundation, the ARCF collects and manages contributions from individuals, corporations, and other foundations to recognize individual achievements of excellence in clinical practice, chronic disease management, public respiratory health, scientific research, and literary excellence. The ARCF also provides research grants to establish the scientific basis of respiratory care further. Lastly, the ARCF oversees and distributes numerous scholarships for respiratory therapy students who are student members of the AARC. The ARCF awards and scholarships are presented at the awards ceremony held in conjunction with the annual International Respiratory Congress of the AARC. Respiratory therapy students who are interested in applying for an ARCF scholarship should visit the ARCF website (see www.arcfoundation.org) to learn more about this great opportunity.














International Council for Respiratory Care (ICRC)


The International Council for Respiratory care (ICRC) is an AARC-sponsored organization dedicated to the globalization of quality respiratory care. As mentioned previously, having formally trained professionals who were not physicians or nurses and who worked in a dedicated department assume full responsibility for providing respiratory care was a uniquely North American phenomenon, limited only to the United States and Canada. However, during the 1970s and 1980s, when many foreign physicians came to the United States to study, they became aware of what a respiratory therapist was and the important role the respiratory therapist played in hospitals nationwide. When these physicians returned to their native countries, they wished to have their own specialized team able to provide the same level of quality respiratory care. However, because the health care delivery system is structured differently in each country, the specially trained teams were most often nurses, physicians, or physical therapists, not respiratory therapists.


Formed in 1991, the ICRC (in close collaboration with the International Committee of the AARC) began to offer fellowships to interested foreign clinicians that provide the opportunity to visit the United States for 2 weeks before the annual International Respiratory Congress to observe how practice respiratory care is practiced. The idea is to allow these international fellows to observe how the various components of respiratory care are practiced in several cities. The international fellows can take back to their home countries ideas and practices that can be integrated into their unique health care delivery systems. The program has been so successful that many countries (e.g., Mexico, Costa Rica, Taiwan) are starting to establish respiratory therapy training programs similar to the American model. As of 2010, 135 international fellows from 54 countries have participated in this program.














National Board for Respiratory Care (NBRC)


The credentialing body for registered respiratory therapists began in 1960 as the American Registry of Inhalation Therapists (to test and credential registered therapists), and a certification board was established in 1968 to certify technicians.1,4 These two groups merged in 1974 as the National Board for Respiratory Therapy, which became the National Board for Respiratory Care (NBRC) in 1983.1,4 Also in 1983, the National Board for Cardiopulmonary Technologists joined the NBRC, and the credentialing examinations for pulmonary function technology were brought in under the respiratory care umbrella.1,4 Since 1968, there have been two levels of clinical practice credentialing examinations in the United States: the certified technician and the registered therapist (see www.NBRC.org).





[image: image] Rule of Thumb


For requirements for testing, examination schedules, study guides, and requirements for maintaining your CRT or RRT credential, check with the NBRC (see www.NBRC.org).





In 1998, the NBRC renamed the lower level certified respiratory therapist (CRT, or entry-level respiratory therapist); the advanced level remained registered respiratory therapist (RRT, or advanced-level respiratory therapist).19 The NBRC began offering specialty examinations for pulmonary function technology in 1984 and neonatal/pediatrics in 1991. The NBRC is considering new specialty credentialing examinations in the areas of polysomnography and critical care.














Committee on Accreditation for Respiratory Care (CoARC)


In 1956, the first guidelines for respiratory care educational programs were published, followed by the formation of the Board of Schools to accredit programs in 1963.1 The Board of Schools was replaced by the Joint Review Committee for Inhalation Therapy Education (JRCITE) in 1970, led by its first chairman, Helmholtz.1,4 The JRCITE became the Joint Review Committee for Respiratory Therapy Education (JRCRTE) in 1977 and then the Committee on Accreditation for Respiratory Care (CoARC) in 1996 (see www.COARC.com).4 Today, respiratory care educational programs in the United States are accredited by the CoARC in collaboration with the Association of Specialized and Professional Accreditors.20-22




















Respiratory Care Education


The first formal educational course in inhalation therapy was offered in Chicago in 1950.1 In the 1960s, numerous schools were developed to prepare students to become respiratory therapists. Early programs concentrated on teaching students the proper application of oxygen therapy, oxygen delivery systems, humidifiers, and nebulizers and the use of various IPPB devices. The advent of sophisticated critical care ventilators, blood gas analyzers, and monitoring devices in the 1960s and 1970s helped propel the respiratory therapist into the role of cardiopulmonary technology expert.


Respiratory care educational programs in the United States are offered at technical and community colleges, 4-year colleges, and universities. These programs are designed to prepare competent respiratory therapists to care for patients. The minimum degree required to become a respiratory therapist is an associate degree.20 There are approximately 300 associate, 50 baccalaureate, and 3 graduate-level degree programs in the United States; 19 programs in Canada; and a handful of respiratory care educational programs in Mexico, South America, Japan, India, Taiwan, and other countries.22-24





[image: image] Rule of Thumb


Jobs in management, education, research, or advanced clinical practice may require bachelor or graduate level educational preparation.





The AARC completed a Delphi study and held two important Education Consensus Conferences in the early 1990s to assess the status of respiratory care education and recommend future direction for the field.25-28 The first conference suggested that major trends affecting the field were advances in technology; demographic trends and the aging of the population; a need to provide better assessment, outcome evaluation, problem solving, and analytical skills; use of protocol-based care; and the need to increase the focus on patient education, prevention, and wellness, to include tobacco education and smoking cessation.26 The conference concluded that the curriculum should encompass a broad scope of clinical practice, a significant arts and science component, emphasis on communication skills, and a minimum of an associate degree to enter practice. The second Educational Consensus Conference, held in the fall of 1993, focused on strategies to implement the recommendations made at the first conference.28 Both conferences identified the need for more baccalaureate and graduate education in respiratory care. The view that programs should prepare students better in the areas of patient assessment, care plan development, protocols, disease management, pulmonary rehabilitation, research, and geriatrics/gerontology became well accepted.29,30


In 1997, Mishoe and MacIntyre31 described a profession as “a calling or vocation requiring specialized knowledge, methods, and skills as well as preparation, in an institution of higher learning, in the scholarly, scientific, and historical principles underlying such methods and skills.” These authors noted that professional roles are different and more complex than technical roles, which are oriented to performing specific tasks as ordered by the physician. Examples of professional roles in respiratory care include patient assessment and care plan development, ventilator management, disease management, pulmonary rehabilitation, and respiratory care consulting services. Technical roles may include basic task performance (e.g., oxygen, aerosol therapy, bronchial hygiene), routine diagnostic testing (e.g., electrocardiography, phlebotomy), and other routine tasks where little or no assessment is required and decisions are limited to device selection and fine-tuning therapy.31 In professional practice, the therapist may function as a physician extender who applies protocols or guidelines.31 Examples include making protocol-based ventilator adjustments, applying assessment-based care plans, and performance of advanced procedures such as arterial line insertion and management, intubation and extubation of patients, application of ventilator weaning protocols, and application of advanced cardiopulmonary technologies (e.g., extracorporeal membrane oxygenation, nitric oxide therapy, aortic balloon pumps).


According to Mishoe and MacIntyre, economic, educational, and institutional forces may limit respiratory care in certain settings to a task-oriented, technical role. There are many opportunities, however, for the respiratory therapist to function as a physician extender, in a role similar to the physician assistant. Working under the supervision of a physician, the physician assistant may perform many medical procedures that might otherwise be performed by a physician. In a similar way, the respiratory physician extender could improve the quality of care while controlling costs and minimizing unnecessary care. Many authorities believe that the critical thinking, assessment, problem-solving, and decision-making skills needed for advanced practice in the twenty-first century require advanced levels of education.31


In 1998, Hess32 observed that a task orientation has coincided with a pattern of overordering and misallocation of respiratory care services. Therapist-driven protocols and the increasing use of the respiratory therapist as a consultant may allow physicians to order protocols as opposed to specific therapies. The therapist assesses the patient, develops a care plan, implements the plan, and evaluates and modifies care as appropriate.32 Protocol-based care has been shown to be safe and effective, while reducing misallocation of care and helping to control costs.32,33 Acceptance by physicians of respiratory therapists as consultants depends on the professionalism, education, and skill of the therapists at the bedside.32


In 2001, a report of the Conference Proceedings on Evidence-Based Medicine in Respiratory Care was published.34 Evidence-based practice requires careful examination of the evidence for diagnosis, treatment, prognosis, and, in turn, practice using a formal set of rules.35 The best evidence is used for clinical decision making, which should lead to optimal respiratory care.35 Evidence-based practice has been advocated for all respiratory care delivered.


In 2002, the AARC, NBRC, and CoARC published their “Tripartite Statements of Support,” which suggested that all respiratory therapists seek and obtain the RRT credential.36 An AARC white paper followed in 2003, which encouraged the continuing development of baccalaureate and graduate education in respiratory care.37














Future of Respiratory Care


In 2001, Pierson, a prominent pulmonary physician and one of the many physician supporters of respiratory therapists, set out to describe the future of respiratory care.38 Among other responsibilities, Pierson predicted a much greater use of patient assessment and protocols in chronic disease state management in all clinical settings. He also envisioned a more active role for respiratory therapists in palliative and end-of-life care, increasing emphasis on smoking cessation and prevention, early detection, and intervention in chronic obstructive pulmonary disease (COPD). Pierson also predicted an increase in the use of respiratory therapists acting as coordinators and caregivers in home care.





Mini Clini


Educational Program Advisory Committee





[image: image] Problem


You are asked to serve on your respiratory care educational program advisory committee. The committee wants to know how respiratory care education has developed and where it should be headed. You are appointed as a member of a subcommittee to research these issues. What should you do?








Solutions


You may want to read the sections in Chapter 1 that cover the history and development of respiratory care education to get an overview. You may wish to obtain copies of some of the reference materials that are cited. Items that may be helpful are the AARC Delphi Study,26 reports of the AARC education consensus conferences,27-29 and articles about the future of respiratory care.30-33,37-41 You may wish to review the AARC strategic plan (see www.AARC.org) and AARC statements regarding respiratory care education and credentialing.10,40,41 By reviewing these materials, you should be well prepared to discuss the future direction of your educational program.














2015 and Beyond


In 2005, recognizing that many national politicians were beginning to call for an overhaul of the U.S. health care delivery system, the AARC Board of Directors began to think strategically, which led to the formation in 2007 of a special task force called “2015 and Beyond.” The task force was charged with the task of envisioning potential new roles and responsibilities of respiratory therapists by 2015 and beyond. The leadership of the task force decided to convene three strategic conferences to answer the following five key questions about the profession:




1. How will most patients receive health care services in the future?


2. How will respiratory care services be provided?


3. What new knowledge, skills, and attributes will respiratory therapists need to be able to provide care that is safe, efficacious, and cost-effective in 2015?


4. What education and credentialing systems will be needed to ensure respiratory therapists acquire the new knowledge, skills, and attributes?


5. How should the profession transition from traditional practice to the newer system without adversely impacting the existing workforce?39





The initial 2015 and Beyond conference was held in the spring of 2008, and a consensus was reached that there were likely to be:




• Eleven significant changes in how health care would be delivered (Box 1-2),





Box 1-2


2015 and Beyond


11 Predicted Changes in Health Care







1. More patients will receive diagnoses of chronic and acute respiratory diseases


2. Cost increases will continue to grow creating challenges for all payers of health care services


3. Personal electronic health records will become more widely used in all health care settings


4. Health care consumers will pay a greater percentage of costs but will have new options for obtaining care


5. Retail storefront health care and the Internet will stimulate consumer-driven cost competition


6. Acute care hospitals will continue to provide episodic, cutting-edge respiratory life support technology; however, subacute and home care providers will continue to play important roles


7. Subacute and long-term care will increase in volume and complexity


8. The disconnect between prevention and acute care treatment will lessen but not disappear


9. All health care delivery will undergo increasing scrutiny for quality that will be linked to reimbursement under a new system called Pay for Performance


10. New models for the delivery of health care will emerge, such as Accountable Care Organizations and Medical Home


11. Reimbursement and costs will influence the development and success of these new models





From Bunch D: 2015 and Beyond. AARC Times 33:50, 2009.





• Nine changes likely to occur in the U.S. health care workforce (Box 1-3), and





Box 1-3


2015 and Beyond


Nine Likely Changes in the Health Care Workforce







1. There will be national and regional shortages of certain providers in all sectors of health care


2. There will be long-term competition for all health care professionals


3. The clinical demand will increase at a faster pace than the workforce will be able to expand


4. The imbalance in jobs and available workforce will be aggravated by the retirement of current providers


5. Brutal work hours requiring 24/7 staffing will dissuade many individuals from pursuing health care careers


6. Shortages of teaching faculty and a limited number of training programs will limit the number of entrants into allied health professional schools


7. Traditional clinical sites will be limited in number and variety and will need to be expanded to alternate sites, such as physicians’ offices and patients’ homes


8. Newer educational technologic resources will challenge traditional education


9. Health care delivery organizations will find reinvestment in education an attractive way to secure competent and loyal workers





From Bunch D: 2015 and Beyond. AARC Times 33:50, 2009.





• Five expected changes in how respiratory care services would be provided (Box 1-4).40





Box 1-4


2015 and Beyond


Five Changes Expected in Respiratory Care







1. The science of respiratory care will continue to evolve and increase in complexity, and clinical decisions will increasingly be data-driven


2. Patient care teams will become the standard throughout health care


3. New respiratory life-support technologies will be developed and deployed


4. Reimbursement changes will be the most important impetus for more recognition of the importance of health promotion and disease state management


5. Concerns over public health issues and military and disaster response will continue and require new skill sets for all respiratory care providers





From Bunch D: 2015 and Beyond. AARC Times 33:50, 2009.








In the words of one conference organizer, “the take home message was that indeed the scope and depth of respiratory care practice will increase by 2015.”39 The second conference was held in the spring of 2009 and built on the findings of the 2008 conference by identifying the competencies needed by graduate respiratory therapists and the educational content and curriculum that would be needed to practice in 2015 and beyond. Conference participants agreed that there would be seven major competencies (Box 1-5) that future respiratory therapists would need to practice effectively by 2015.40,41 The third conference was held in the summer of 2010 to determine how the educational programs for entry-level respiratory therapists would have to be structured to accomplish the seven major competencies identified during the 2009 conference. The recommendations of the third conference were published in 2011.42





Box 1-5


Seven Major Competencies Required by Respiratory Therapists by 2015







1. Diagnostics


2. Chronic disease state management


3. Evidence-based medicine and respiratory care protocols


4. Patient assessment


5. Leadership


6. Emergency and critical care


7. Therapeutics





From Barnes TA, Gale DD, Kacmarek RM, et al: Competencies needed by graduate respiratory therapists in 2015 and beyond. Respir Care 55:601, 2010.





Although the respiratory care profession is undergoing substantial change, there will be a continuing demand for respiratory care services well into the future because of advances in treatment and technology, increases in the general population, and increases in the elderly population (the baby boomers). A growing population will result in increases in asthma, COPD, and other chronic respiratory diseases. There will also be a continuing demand for controlling costs and ensuring that care provided is evidence-based, safe, and effective. Respiratory care will need to be provided using carefully designed protocols to ensure that patients get the appropriate care at the right time and that unnecessary care is reduced or eliminated. Aggressive steps to prevent disease and control the cost of chronic respiratory disease will be essential. Effective smoking cessation and tobacco education programs and aggressive disease management and pulmonary rehabilitation for patients with moderate to severe asthma, COPD, and other chronic respiratory disease will continue to be needed.


As exemplified by the 2015 and Beyond project, the knowledge, skills, and attributes needed by respiratory therapists will continue to expand, and it will become increasingly difficult to prepare respiratory therapists for expanded practice within the credit hour limitations of many existing programs. To alleviate this situation, associate degree programs may develop articulation agreements with 4-year colleges and universities to allow their graduates to complete the bachelor degree in respiratory care without leaving their home campus; distance education technology will play an important role and allow this to occur at minimal cost.


Bachelor degree programs often seek to provide students with a foundation for leadership in the profession in the areas of management, supervision, research, education, or clinical specialty areas. To meet the leadership needs of the profession, some baccalaureate programs have already implemented postbaccalaureate certificates or master degree programs. Clinical areas in which more graduate education programs could be beneficial include critical care, cardiopulmonary diagnostics, clinical research, sleep medicine, rehabilitation, and preparation as a pulmonary physician assistant. There will also be an increasing demand for respiratory therapists with master and doctoral degrees to serve as university faculty, educators, and researchers.





Summary Checklist







• Respiratory therapists apply scientific principles to prevent, identify, and treat acute or chronic dysfunction of the cardiopulmonary system.


• Respiratory care includes the assessment, treatment, management, control, diagnostic evaluation, education, and care of patients with deficiencies and abnormalities of the cardiopulmonary system.


• The AARC is the professional association for the field.


• Respiratory therapists work under the direction of a physician who is specially trained in pulmonary medicine, anesthesiology, and critical care medicine.


• The NBRC, the credentialing board for respiratory therapists, was founded in 1974. The American Registry of Inhalation Therapists was founded in 1960.


• The CoARC accredits respiratory care educational programs. The first Board of Schools was established in 1963.


• As the physiologic basis for oxygen therapy became understood, use of oxygen to treat respiratory disease became established by the 1920s, and oxygen was used routinely in hospitals by the 1940s.


• Use of aerosolized medications for the treatment of asthma began in 1910, with numerous new drugs being developed in the twentieth century and continuing up to the present.


• Mechanical ventilation was explored in the 1800s. In 1928, Drinker developed his iron lung; this was followed by the Emerson iron lung in the 1930s, which was used extensively during the polio epidemics of the 1940s and 1950s, and the modern critical care ventilator, which became available in the 1960s.


• The ITA was founded in 1947, becoming the AAIT in 1954, the AART in 1973, and the AARC in 1982.


• The AARC now has 10 Specialty Sections to provide resources to members based on where they are employed and practice.


• The ARCF offers many scholarships and grants to respiratory therapy students.


• Although originally found only in the United States and Canada, the practice of respiratory therapy is quickly expanding around the world.


• Respiratory Care Week is a yearly event to promote the profession and raise awareness of the importance of good lung health.


• In the future, there will be an increase in demand for respiratory care because of advances in treatment and technology; increases in and aging of the population; and increases in the number of patients with asthma, COPD, and other cardiopulmonary diseases.


• The respiratory therapist of the future will be focused on patient assessment, care plan development, protocol administration, disease management and rehabilitation, and patient and family education, to include tobacco education and smoking cessation.
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Chapter Objectives


After reading this chapter you will be able to:


[image: image] Describe the elements that constitute quality respiratory care.


[image: image] Explain methods used for monitoring the quality of respiratory care that is provided.


[image: image] Explain how respiratory care protocols enhance the quality of respiratory care services.


[image: image] Define disease management.


[image: image] Describe evidence-based medicine.
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Quality is defined as a characteristic reflecting a high degree of excellence, fineness, or grade. Ruskin, a nineteenth-century British author, stated, “Quality is never an accident. It is always the result of intelligent effort.” Conclusions drawn from the assessment of quality are only temporary because the components of quality are constantly changing. Specifically, quality, as applied to the practice of respiratory care, is multidimensional. It encompasses the personnel who perform respiratory care, the equipment used, and the method or manner in which care is provided. Determining the quality of services provided by a respiratory care department requires intelligent efforts to establish guidelines for delivering quality care and a method for monitoring this care. The conclusions derived from monitoring the respiratory care provided change as clinical practice and expectations change. In the current cost-attentive era of health care, quality can be challenged by pressures to minimize cost, making the measurement and monitoring of quality even more important.


This chapter reviews issues related to the quality of respiratory care. First, we review the elements of a hospital-based respiratory care program, focusing on medical direction, practitioners, and technical direction. With the objective of quality being the competent delivery of indicated care, we discuss respiratory care protocols as one strategy to ensure quality. Methods for monitoring quality are discussed next, with attention to the role of The Joint Commission (TJC) and peer review organizations (PROs). We then discuss the effect of several health care delivery strategies on respiratory care quality. Finally, we review the concept of evidence-based medicine as it applies to the practice of respiratory care.









Elements of A Hospital-Based Respiratory Care Program: Roles Supporting Quality Care



Medical Direction





The medical director of respiratory care is professionally responsible for the clinical function of the department and provides oversight of the clinical care that is delivered (Box 2-1). Medical direction for respiratory care is usually provided by a pulmonary/critical care physician or an anesthesiologist. Whether the role of a respiratory care service medical director is designated as a full-time or part-time position, it is a full-time responsibility; the medical director must be available on a 24-hour basis for consultation with and to give advice to other physicians and the respiratory care staff. The current philosophy of cost containment and cost-effectiveness, dictated by medical care market forces, poses a challenge to the medical and technical leadership of respiratory care services to provide increasingly high-quality patient care at low cost. A medical director must possess administrative and medical skills.1





Box 2-1   Responsibilities of a Medical Director of Respiratory Care







• Medical supervision of RTs in the following areas




• General medical, surgical, and respiratory nursing wards


• ICUs


• Ambulatory care (including rehabilitation)


• Pulmonary function laboratory





• Development and approval of department clinical policies and procedures


• Supervision of ongoing quality assurance activities


• Medical direction for respiratory care in-service and training programs


• Education of medical and nursing staffs regarding respiratory therapy


• Participation in the selection and promotion of technical staff


• Participation in the preparation of the department budget








Perhaps the most essential aspect of providing quality respiratory care is to ensure that the care being provided is indicated and that it is delivered competently and appropriately. Traditionally, the physician has evaluated patients for respiratory care and has written the specific respiratory therapy orders for the respiratory therapist (RT) to follow. However, such traditional practices have often been shown to be associated with misallocation of respiratory care.2-4 This misallocation may consist of ordering therapy that is not indicated, ordering therapy to be delivered by an inappropriate method, or failing to provide therapy that is indicated.5 Table 2-1 reviews studies evaluating the allocation of respiratory care services and the frequency of misallocated care.3,6-12 These studies provide ample evidence that misallocation of respiratory care occurs frequently. Such misallocation has led to the use of respiratory care protocols that are implemented by RTs (as described under Methods for Enhancing the Quality of Respiratory Care).




TABLE 2-1


Frequency of Misallocation of Respiratory Care Services in Selected Series










	Type of Service

	Author

	Date

	Patient Type

	No. Patients

	Frequency of Overordering

	Frequency of Underordering










	Supplemental oxygen

	Zibrak et al6


	1986

	Adults

	NS

	55% reduction in incentive spirometry after therapist supervision began

	NA






	 

	Brougher et al7


	1986

	Adult, non-ICU inpatients

	77

	38% ordered to receive oxygen despite adequate oxygenation

	NA






	 

	Small et al8


	1992

	Adult, non-ICU inpatients

	47

	72% of patients checked had PaO2 > 60 mm Hg or SaO2 > 90% but were prescribed oxygen

	NA






	 

	Kester and Stoller3


	1992

	Adult, non-ICU inpatients

	230

	28% for supplemental oxygen

	8% for supplemental oxygen






	 

	Albin et al9


	1992

	Adult, non-ICU inpatients

	274

	61% ordered to receive supplemental oxygen despite SaO2 ≥ 92%

	21% underordered, including 19% prescribed to receive inadequate O2 flow rates






	 

	Shelledy et al12


	2004

	Adults

	75

	0

	5.3% indicated but not ordered






	Bronchial hygiene techniques

	Zibrak et al6


	1986

	Adults

	NS

	55% reduction in incentive spirometry after therapist supervision began

	NA






	 

	Shapiro et al10


	1988

	Adult, non-ICU inpatients

	3400 evaluations

	61% reduction of bronchial hygiene after system implemented

	NA






	 

	Kester and Stoller3


	1992

	Adult, non-ICU inpatients

	230

	32%

	8%






	 

	Shelledy et al12


	2004

	Adults

	75

	37.5%

	8%






	Bronchodilator therapy

	Zibrak et al6


	1986

	Adults

	NS

	50% reduction in incentive aerosolized medication after therapist supervision began

	NA






	 

	Kester and Stoller3


	1992

	Adult, non-ICU inpatients

	230

	12%

	12%






	 

	Shelledy et al12


	2004

	Adults

	75

	34.4%

	5.3%






	 

	 

	 

	 

	 

	 

	 






	 

	Kester and Stoller3


	1992

	Adult, non-ICU inpatient

	230

	40%

	6.7%






	ABGs

	Browning et al11


	1989

	Surgical ICU inpatients

	724 ABGs

	42.7% inappropriately ordered before guidelines implemented

	NA
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NS, Not stated; NA, not assessed.


Modified from Stoller JK: The rationale for therapist-driven protocols. Respir Care Clin N Am 2:1–14, 1996.











Respiratory Therapists


In addition to capable medical direction and the application of well-constructed respiratory care protocols (see p. 26), capable RTs are an indispensable element of a quality respiratory care program. The quality of RTs depends primarily on their training, education, experience, and professionalism. Training teaches students to perform tasks at a competent level, whereas clinical education provides students with a knowledge base they can use in evaluating a situation and making appropriate decisions.13 Both adequate training and clinical education are required to produce qualified RTs for assessment of patients and implementation of respiratory care protocols.14














Designations and Credentials of Respiratory Therapists


There are two levels of general practice credentialing in respiratory care: (1) certified respiratory therapists (CRTs) and (2) registered respiratory therapists (RRTs). Students eligible to become CRTs and RRTs are trained and educated in colleges and universities. After completion of an approved respiratory care educational program, a graduate may become credentialed by taking the entry-level examination to become a CRT. A CRT may be eligible to sit for the registry examinations to become a credentialed RRT. Students who complete a 2-year program graduate with an associate degree, and students who complete a 4-year program receive a baccalaureate degree. Some RTs go on to complete a graduate degree (e.g., master or doctorate) with additional study in the areas of respiratory care, education, management, or health sciences. The further development of graduate education in respiratory care has been encouraged by the American Association for Respiratory Care (AARC), and programs are both currently available and under development.15


Respiratory care education programs are reviewed by the Committee on Accreditation for Respiratory Care (CoARC). This committee is sponsored by four organizations: the AARC, the American College of Chest Physicians (ACCP), the American Society of Anesthesiologists (ASA), and the American Thoracic Society (ATS). The CoARC is responsible for ensuring that respiratory therapy educational programs follow accrediting standards or essentials as endorsed by the American Medical Association (AMA). Members of the CoARC visit respiratory therapy educational programs to judge applications for accreditation and make periodic reviews. The mission of the CoARC, in collaboration with the Association of Specialized and Professional Accreditors, is to promote quality respiratory therapy education through accreditation services. An annual listing of accredited respiratory therapy programs is published. As of November 2010, there were approximately 415 CoARC-approved respiratory care programs.


Credentialing is a general term that refers to the recognition of individuals in particular occupations or professions. Generally, the two major forms of credentialing in the health fields are state licensure and voluntary certification. Licensure is the process in which a government agency gives an individual permission to practice an occupation. Typically, a license is granted only after verifying that the applicant has demonstrated the minimum competency necessary to protect the public health, safety, or welfare. Licensure laws are normally made by state legislatures and enforced by specific state agencies, such as medical, nursing, and respiratory care boards. In states where licensure laws govern an occupation, practicing in the field without a license is considered a crime punishable by fines or imprisonment or both. Licensure regulations are based on a practice act that defines (and limits) what activities the professional can perform. Two other forms of state credentialing are less restrictive. States that use title protection simply safeguard the use of a particular occupational or professional title. Alternatively, states may request or require practitioners to register with a government agency (registration). Neither title protection nor state registration constitutes a true practice act, and because both title protection and registration are voluntary, neither provides strong protection against unqualified or incompetent practice.


Certification is a voluntary, nongovernment process whereby a private agency grants recognition to an individual who has met certain qualifications. Examples of qualifications are graduation from an approved educational program, completion of a specific amount of work experience, and acceptable performance on a qualifying examination. The term registration is often used interchangeably with the term certification, but it may also refer to a type of government credentialing. As a voluntary process, certification involves standards that are often higher than the minimum standards specified for entry-level competency. A major difference between certification and licensure is that certification generally does not prevent others from working in that occupation, as do most forms of licensure. Both types of credentialing apply in respiratory care.


The primary method of ensuring quality in respiratory care is voluntary certification or registration conducted by the National Board for Respiratory Care (NBRC). The NBRC is an independent national credentialing agency for individuals who work in respiratory care and related services. The NBRC is cooperatively sponsored by the AARC, the ACCP, the ASA, the ATS, and the National Society for Pulmonary Technology. Representatives of these organizations make up the governing board of the NBRC, which assumes the responsibility for all examination standards and policies through a standing committee. The NBRC provides the credentialing process for both the entry-level CRT and the advanced-practitioner RRT. As established in January 2006, to be eligible for either the CRT or the RRT examination, all candidates must have an associate degree or higher. An additional advanced-practitioner credential, the neonatal/pediatric specialist (NPS), has been established for the field of pediatrics. The NBRC also encourages professionals in the field to maintain and upgrade their skills through voluntary recredentialing. Both CRTs and RRTs may demonstrate ongoing professional competence by retaking examinations. Individuals who pass these examinations are issued a certificate recognizing them as “recredentialed” practitioners. In addition to the certification and registration of RTs, the NBRC provides credentialing in the area of pulmonary function testing for certified pulmonary function technologists (CPFTs) and registered pulmonary function technologists (RPFTs). Since its inception, the NBRC has issued more than 350,000 professional credentials to more than 209,000 individuals. As of 2010, there were approximately 206,150 active RTs, many of whom hold more than one credential. Table 2-2 shows the distribution of these credentialed individuals.




TABLE 2-2


Distribution of Credentialed Practitioners










	Credential Type

	No. Credentialed Practitioners










	CRT

	206,150






	RRT

	117,215






	CPFT

	12,393






	RPFT

	4192






	NPS

	10,060
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As of October 14, 2010.


Note: Practitioners may hold more than one credential (i.e., RRTs are also CRTs and NPS are also CRTs and RRTs).





At the time of publication, 49 states, the District of Columbia, and Puerto Rico have some form of state licensure. Many states use the NBRC entry-level respiratory care examination for state licensing, whereas others simply verify NBRC credentials. Most licensure acts require the RT to attain a specified number of continuing education credits to maintain his or her license. Continuing education helps practitioners keep abreast of the changes and advances that occur in their health care field.


Licensure and certification help ensure that only qualified RTs participate in the practice of respiratory care. Many institutions conduct annual skills checks or competency evaluations in compliance with TJC requirements. Beyond TJC–required skills checks, experience with respiratory care protocols suggests the need to develop and monitor additional skills among RTs (Box 2-2). Assurance and maintenance of these skills require ongoing training and quality review programs, which are discussed in the section on Monitoring Quality Respiratory Care.





Box 2-2   Additional Respiratory Therapist Skills Required for Implementing Protocols







• Assess and evaluate patients regarding indications for therapy and for the most appropriate delivery method


• Be cognizant of age-related issues and how they affect the patient’s ability to understand and use various treatment modalities


• Adapt hospital policies and procedures to alternative care sites


• Conduct and participate in research activities to ensure a scientific basis for advances in respiratory care technology


• Communicate effectively with all members of the health care team, and contribute to the body of literature concerning the field of respiratory care




















Professionalism


By definition, professionalism is a key attribute to which all RTs should aspire and that must guide respiratory care practice. Webster’s New Collegiate Dictionary defines a profession as “a calling that requires specialized knowledge and often long and intensive academic preparation.” A professional is characterized as an individual conforming to the technical and ethical standards of a profession. RTs demonstrate their professionalism by maintaining the highest practice standards, by engaging in ongoing learning, by conducting research to advance the quality of respiratory care, and by participating in organized activities through professional societies such as the AARC and associated state societies. Box 2-3 lists the professional attributes of the RT. We emphasize the importance of these attributes because the continued value and progress of the field depend critically on the professionalism of each practitioner.16





Box 2-3   Professional Characteristics of a Respiratory Therapist







• Completes an accredited respiratory therapy program


• Obtains professional credentials


• Participates in continuing education activities


• Adheres to the code of ethics put forth by the institution or state licensing board or both


• Joins professional organizations








In the highly regulated careers of health care, professionalism also requires compliance with external standards, such as the standards set by TJC and by the government. One such standard is defined by the Health Insurance Portability and Accountability Act (HIPAA) of 1996. HIPAA sets standards regarding the way sensitive health care information is communicated and revealed in the transmission of medical records and in the written and verbal communication of information in the hospital. Some specific provisions of HIPAA are presented in Box 2-4. As with all hospital and health care personnel, standards of respiratory therapy professionalism require knowledge of HIPAA and compliance with its terms.





Box 2-4   Health Insurance Portability and Accountability Act of 1996 (HIPAA)


The use and disclosure of protected health information (PHI) by a covered entity are prohibited unless it is a permitted use or disclosure for purposes of treatment, payment, or health care operations or is authorized by the patient. When disclosure or use of PHI is permitted, ensure that only the minimum necessary information is disclosed.





Definition of Terms







Use: Release of PHI within the institution


Disclosure: Release of PHI outside the institution


PHI: Individually identifiable health information


Covered entity: Health care provider, health plan, health care clearinghouse


Permitted: As long as there are reasonable safeguards in place regarding the Privacy Rule and the information given is the “minimum necessary”


Treatment: Necessary information can be disclosed to all involved in treatment (physicians, nurses, allied health personnel)


Payment: To allow for billing, for insurance purposes and third-party payers


Authorized: Patient’s written agreement for permitted use


Minimum necessary: Reasonably necessary to accomplish intended purpose























Technical Direction


Another important element for delivering quality respiratory care is technical direction. Technical direction is often the responsibility of the manager of a respiratory care department, who must ensure the equipment and the associated protocols and procedures have sufficient quality to ensure the safety, health, and welfare of the patient using the equipment. Medical devices are regulated under the Medical Device Amendment Act of 1976, which comes under the authority of the U.S. Food and Drug Administration (FDA). The FDA also regulates the drugs delivered by RTs. The purpose of the FDA is to establish safety and effectiveness standards and to ensure that these standards are met by equipment and pharmaceutical manufacturers.


Procedures and protocols related to the use of equipment and medications must be written to provide a guide for the respiratory care staff. In addition, equipment must be safety checked, and specific maintenance procedures must be performed on a regular basis. Because of rapidly changing respiratory care technology, the job of the technical director poses significant challenges. Circuit boards and computers have replaced simpler mechanical devices. New medications and delivery devices for the treatment of asthma and new strategies for treating other respiratory diseases (e.g., low-stretch ventilatory approaches for acute respiratory distress syndrome [ARDS]) continue to evolve. Individuals responsible for technical direction must ensure that these new devices, methods, and strategies not only are effective but also deliver a benefit commensurate with the cost.





















Methods for Enhancing Quality Respiratory Care



Respiratory Care Protocols





In an effort to improve the allocation of respiratory care services, respiratory care protocols (also known as therapist-driven protocols) have been developed and are in use in many hospitals in the United States, Canada, and other countries. Respiratory care protocols are guidelines for delivering appropriate respiratory care treatments and services (i.e., treatments and services that are indicated, delivered by the correct method, and discontinued when no longer needed). Protocols may be written in outline form or may use algorithms (an example of which is a branching logic flow diagram [Figures 2-1 and 2-2]).
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FIGURE 2-1 Respiratory care protocol. Aerosolized bronchodilator therapy algorithm for current or history of bronchospasm.
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FIGURE 2-2 Respiratory care protocol to determine when oxygen concentration should be increased or decreased or when the therapy should be discontinued. (1) Shortness of breath, tachycardia, diaphoresis, confusion. (2) Oxygen saturation measured by pulse oximeter (SpO2) criteria may be modified with documented evidence of preexisting chronic hypoxemia. (3) Appropriate time lapse for recheck: 10 minutes for patients without pulmonary history; 20 minutes for patients with pulmonary history. Note: Oxygen concentration should not be decreased more than once per shift.








Gaylin and colleagues17 conducted a telephone survey in 1999 of 371 RT members of the AARC, of whom 51% were practitioners, 26% were clinical supervisors, and 23% were administrators. When asked if their organizations used guidelines or protocols, 98% of the respondents indicated that they did. Of the 2% who did not, 53% were planning their use.17 A survey conducted by the AARC in 2005 indicated that of 681 responding hospitals, 73% were providing care by means of at least one protocol.18 More recently, the 2009 AARC Human Resources Survey showed that of 2764 responders, about two-thirds (65.7%) indicated that they have delivered respiratory care by protocol.19 The use of respiratory care protocols by qualified RTs is a logical practice based on the premise that well-trained RTs possess extensive knowledge of respiratory care modalities and have the assessment and communication skills required to execute the protocols effectively.20





Mini Clini


A Specific Treatment Protocol: Aerosolized Bronchodilator Therapy





[image: image] Problem


A 54-year-old woman is admitted to the hospital with an exacerbation of COPD. She has a history of smoking one and one-half packs of cigarettes a day for 32 years. She is alert and oriented, and her respiratory rate is 32 breaths/min. On auscultation, she has bilateral wheezes on inspiration and exhalation. Her vital capacity (1.3 L) is greater than the predicted minimal volume for effective incentive spirometry, but she is unable to take in a slow, deep breath and hold it for longer than 5 seconds, which is the criterion sometimes used for appropriate MDI use. What should the RT do now?








Solutions


Following the aerosol therapy protocol algorithm, this patient would receive an aerosolized bronchodilator treatment from a small volume nebulizer with a mouthpiece. An algorithm for aerosolized bronchodilator therapy is shown in Figure 2-1.











Mini Clini


A Specific Purpose Protocol: Oxygen Therapy Titration





[image: image] Problem


A 42-year-old man has returned to a medical-surgical nursing unit from the recovery room after a cholecystectomy. He has no history of lung disease and is wearing a nasal cannula at 2 L/min. He is alert and oriented, and his respiratory rate is 18 breaths/min and heart rate is 82 beats/min. When the RT arrives to check his oxygen setup and pulse oximeter reading, his SpO2 (pulse oximeter reading) is 97% on the 2 L/min nasal cannula. What should the RT do next?








Solutions


Following the oxygen therapy titration protocol algorithm, the RT removes the nasal cannula and returns in 15 minutes to recheck the patient’s SpO2 reading, which is now 93% on room air. The RT discontinues the oxygen therapy. An oxygen therapy titration algorithm is shown in Figure 2-2.








The success of a respiratory care protocol program requires several key elements, including active and committed medical direction, capable RTs, collaboration with physicians and nurses, careful monitoring, and a responsive hospital environment (Box 2-5). As further evidence of the widespread acceptance of protocols, the ACCP has identified the elements of an acceptable respiratory care protocol (Box 2-6). This document may serve as a guide for developing protocols. Protocols may be constructed for individual therapies, such as aerosol therapy, bronchopulmonary hygiene, oxygen therapy, hyperinflation techniques, suctioning, and pulse oximetry. Protocols also can be written for a specific purpose, such as arterial blood gas (ABG) sampling, weaning from mechanical ventilation, decannulating a tracheostomy, and titrating oxygen therapy.





Box 2-5   Key Elements of a Respiratory Care Protocol Program







• Strong and committed medical direction


• Capable RTs


• Active quality monitoring


• Collaborative environment among RTs, physicians, and nurses


• Responsiveness of all participants to address and correct problems











Box 2-6   Elements of an Acceptable Respiratory Care Protocol as Described by the American College of Chest Physicians







• Clearly stated objectives


• Outline that includes an algorithm


• Description of alternative choices at decision and action points


• Description of potential complications and corrections


• Description of end points and decision points at which the physician must be contacted


• Protocol program








Successful implementation of protocols requires acceptance by various stakeholder communities in the hospital, including the hospital administrators, physicians, nurses, and RTs themselves. Hospital administrators are likely to be accepting to the extent that they are convinced that protocols enhance patient care, improve allocation of respiratory care services, and reduce costs. Physicians are likely to accept RT protocols if they are convinced that protocols will enhance their patients’ care, preserve the physician’s ability to specify orders if desired, and maintain the physician’s awareness of changes in a patient’s condition and changes in the respiratory care plan. Physicians’ acceptance also requires their having trust in the quality, professionalism, and competence of the respiratory therapy staff. Nurses are likely to accept protocols if they are persuaded that protocols will enhance the efficiency of care, help relieve sometimes excessive nursing workloads, and preserve communication with the bedside nurse regarding the patient’s plan of treatment. Finally, successful implementation and acceptance of protocols by RTs requires a desire to be progressive, confidence in their own assessment and communication skills, “ownership” of the protocol process (e.g., by participating in drafting the protocol policies and strategies by which protocols are put in place), and willingness to change and to abandon antiquated task-driven practices in respiratory care.


Features of RT departments that are ready for and that embrace change have been studied21 and are presented in Box 2-7. Steps and tactics to ensure successful implementation of respiratory care protocols are described in Box 2-8. Selecting a planning team with broad membership that includes physicians, nurses, and administrators is a key element in developing a protocol implementation process that avoids potential barriers and satisfies the institution’s specific and unique requirements. Once protocols have been designed, it is often advisable to pilot them either individually or on a single hospital floor or unit. This staged rollout with an initial pilot trial allows an opportunity to work out unanticipated problems and obtain helpful feedback from the individuals involved before using the protocols on a hospital-wide basis.





Box 2-7


“Highly Desired” Features of a Change-Avid Respiratory Therapy Department







1. Having a close and collegial working relationship between the medical director and the RTs


2. Having a strong and supportive champion for change in the hospital administrative structure (e.g., hospital leaders, medical director)


3. Using data and other evidence to define problems and to measure the effectiveness of proposed solutions


4. Using multiple and redundant types of communication to cascade information throughout the respiratory therapy department


5. Being attentive to the forces of resistance and obstacles to change and being able to navigate within institutional systems and people to achieve change


6. Being willing to confront, engage, and gain closure on tough issues


7. Having and maintaining a culture of internal, self-imposed, systematic, ongoing education and knowledge acquisition


8. Consistently rewarding and recognizing change-avid behavior among respiratory therapy department members


9. Fostering ownership for change rather than just complying with external policies and demands and, as part of this ownership, taking the time to identify and involve stakeholders in change (e.g., physicians, nurses, hospital thought leaders and decision makers)


10. Paying attention to leadership development and succession planning in the RTs


11. Having and communicating a vision in the department





From Stoller JK, Kester L, Roberts VT, et al: An analysis of features of respiratory therapy departments that are avid for change. Respir Care 53:871–884, 2008.








Box 2-8   Tactics for Implementing Respiratory Care Protocols







1. Select a planning team with diverse membership


2. Conduct an audit to assess the occurrence of misallocation of therapy to justify departure from usual care


3. Identify sources of resistance (e.g., physicians, nurses, administrators, RTs)


4. Design a protocol program that fits the individual hospital


5. Develop a training program for RTs


6. Develop an evaluation and quality monitoring system








A comprehensive approach for using protocols is to combine specific protocols to form a respiratory therapy consult service or an evaluate-and-treat program, which is used in institutions such as the University of California at San Diego and the Cleveland Clinic. With the use of a respiratory therapy consult service, the sequence of events for a respiratory therapy consult may occur as shown in Box 2-9.





Box 2-9   Sequence of Events for a Respiratory Care Consult







1. A physician writes an order for a respiratory care protocol or consult


2. A physician order entry system or the nursing unit secretary notifies an RT evaluator


3. The evaluator assesses the patient using specific guidelines


4. The evaluator writes a care plan using designated indications and algorithms and documents the care plan in the patient’s chart for review by the physician


5. The RT covering the nursing unit delivers the care


6. The patient is assessed on a shift-by-shift basis for changes in status and indicated modifications for the care plan, which are also documented


7. The physician is notified of any deterioration in the patient’s status


8. When indications for respiratory care no longer exist, respiratory care treatment is discontinued, and notification is placed in the patient’s chart








A carefully structured assessment tool and care plan form (Figures 2-3 and 2-4) are essential elements for a comprehensive protocol program. These tools help ensure consistency among therapist evaluators. The following Mini Clini on Writing a Respiratory Care Plan shows how an assessment tool and care plan document, used in conjunction with corresponding algorithms, can guide therapists in formulating an appropriate respiratory care plan.
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FIGURE 2-3 Evaluation form for guiding a standardized patient assessment and assigning a severity of respiratory illness score. The score for the greatest degree of dysfunction for each assessment category is written in the right-hand column and tallied to determine the severity of respiratory illness (triage) score. (Courtesy Cleveland Clinic Respiratory Institute, Cleveland, Ohio.)
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FIGURE 2-4 Care plan form for recording a patient’s indications for therapy and the therapeutic modalities for treating the indications. (Courtesy Cleveland Clinic Respiratory Institute, Cleveland, Ohio.)











Mini Clini


Writing a Respiratory Care Plan





[image: image] Problem


A 40-year-old woman with a history of asthma was admitted to the hospital for gastrointestinal dysmotility with abdominal distention. Her chest radiograph showed an elevated diaphragm with accompanying atelectasis in the bases of the lung fields. Her laboratory test results were as follows: white blood cell count 10,200 cells/mcl, hemoglobin 11.6 g/dl, and platelet count 260,000/mm3. Her pulse oximetry reading was 96% on room air; no ABGs were drawn. Her heart rate was 84 beats/min, blood pressure was 110/78 mm Hg, respiratory rate was 20 breaths/min, and temperature was 36.8° C. She was alert and oriented, and her vital capacity was 1.35 L. She is 5 feet 7 inches tall and has a predicted minimal vital capacity of 0.927 L (15 ml/kg of ideal body weight). On auscultation, her breath sounds were decreased bilaterally, and she had slight inspiratory wheezes in the apices of her lung fields. She had a weak, nonproductive cough and was able to ambulate on her own. Perform a respiratory care evaluation for this patient.








Solutions


The patient’s assessment score sheet and her respiratory therapy care plan, using the respiratory therapy consult protocol and treatment algorithms currently in use at the Cleveland Clinic, are shown (see Figures 2-3 and 2-4).








Demonstrated advantages of respiratory care protocols include better allocation of respiratory care services without an increased frequency of respiratory care treatments and cost savings. Other advantages include more dynamic respiratory care with more adjustment of respiratory care services to keep pace with patients’ changing clinical status and more versatile use of respiratory care services.12,22-25








Monitoring Quality Respiratory Care


Beyond ensuring that all elements of a high-quality respiratory care program are in place, quality must be monitored to ensure that it is being maintained. Strategies to monitor quality include intrainstitutional monitoring practices, centralized government monitoring bodies, such as the Centers for Medicare and Medicaid Services (CMS), and voluntary agencies such as TJC.


Intrainstitutional quality assurance often uses skills checks or competencies. Competence, or the quality of being competent, can be defined as having suitable or sufficient skill, knowledge, and experience for the purposes of a specific task.26 Competence for a specific skill is frequently determined by observation of the practitioner’s performance of the skill according to a prescribed checklist. Annual competency checks are documented for skills and procedures that carry some degree of patient risk (e.g., arterial puncture, aerosol therapy, bilevel positive airway pressure setup). An example of a skills checklist is shown in Figure 2-5.
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FIGURE 2-5 Example of a skills checklist for suctioning.








Although skills checks have traditionally been done in person or with direct supervision of patient care activities, a new dimension of skills training and certification that is being widely implemented is the use of clinical simulation, using either low-fidelity or high-fidelity simulation trainers. Such simulation training (see Chapter 7), in which RTs use technology that attempts to reproduce reliably a true patient or true patient scenario, is similar to the flight simulator training that commercial airline pilots undergo to achieve certification to fly various airplanes. Uses of simulation training in respiratory therapy involve intubation, ventilator management, arterial line placement, and optimizing teamwork in acute resuscitation scenarios.27


Many health care organizations, including hospitals, subacute facilities, and outpatient clinics, seek voluntary accreditation as a way to improve their service and assure the public that they maintain high standards. In health care, TJC is a very important organization. TJC was formed in 1951 by the American College of Surgeons, the American Hospital Association, and the AMA. Accreditation by TJC is based on satisfying specific standards established by professional and technical advisory committees.


TJC requires a hospital service to have a quality assurance plan to provide a system for controlling quality. Nine generally recognized steps for a quality assurance plan are used as the basis for quality assurance programs (Box 2-10).





Box 2-10   Nine Steps for a Quality Assurance Plan







1. Identify problem


2. Determine cause of problem


3. Rank problem


4. Develop strategy for resolving problem


5. Develop appropriate measurement techniques


6. Implement problem-resolution strategy


7. Analyze and compile results of intervention


8. Report results to appropriate personnel


9. Evaluate intervention outcome








Current standards of TJC for accreditation emphasize organization-wide efforts for performance improvement. Despite increased emphasis on cost containment, quality care remains the first goal of hospitals and respiratory care services. Performance improvement, also commonly called continuous quality improvement, is an ongoing process designed to detect and correct factors hindering the provision of quality and cost-effective health care. This process crosses department boundaries and follows the continuum of the patient’s care. In 2009, TJC set forth three standards for monitoring performance improvement along with associated elements of performance detailing how the monitoring is to be conducted. These standards are listed in Box 2-11. Meeting quality goals is increasingly being tied to reimbursement rates by the CMS and insurers to hospitals; this phenomenon has been called “pay for performance.”28 Beyond general monitoring goals for respiratory care, use of respiratory care protocols creates the need for additional quality monitoring benchmarks regarding correctness, consistency, efficacy, and effectiveness (Box 2-12).





Box 2-11


TJC Standards for Performance Improvement







• The hospital collects data to monitor its performance


• The hospital compiles and analyzes data


• The hospital improves performance on an ongoing basis





Compiled from The Joint Commission, Oakbrook Terrace, IL.








Box 2-12   Quality Monitoring Benchmarks







• Monitoring the correctness of respiratory care plans


• Monitoring the consistency of formulating respiratory care plans among therapist evaluators


• Evaluating the efficacy of algorithms or protocols


• Evaluating the overall effectiveness of the protocol program








At the present time, specific methods to monitor the quality of respiratory care protocol programs include conducting care plan audits in real time and ensuring practitioner training by using case study exercises. Evolving innovations include using simulation exercises to enhance and to measure the performance of RTs.


Monitoring correctness of respiratory care plans can be accomplished by using a care plan audit system. Care plan auditors must be therapists who are experienced in providing respiratory care and patient assessment. The auditors must also be practiced in using the institution’s protocol system and in writing care plans. With an auditing system, the auditor writes a care plan for a patient and compares it with the care plan written by the therapist evaluator to determine correctness. A specified number of audits should be performed monthly, with results tabulated and reported monthly or quarterly, depending on the size of the hospital. Feedback must be provided to the evaluators whose care plans are being audited to show their proficiency or to indicate areas that require improvement. Figure 2-6 shows a form used at the Cleveland Clinic to provide feedback to evaluators.




[image: image]


FIGURE 2-6 Form for providing feedback to therapist evaluators on their patient assessment and care plan writing performance. Agreement is indicated by an A (auditor) and a T (therapist) in the same triage scoring box or therapeutic category. (Courtesy Cleveland Clinic Respiratory Institute, Cleveland, Ohio.)








Another monitoring method found useful for respiratory therapy consult services is the case study exercise (or simulated patient scenario exercise). Simulated patient exercises can help determine the consistency of respiratory care plans among therapist evaluators. The scores of individual therapists may be tracked over time to identify problems and to assess improvement.


Simulated patient exercises may consist of a set of three or four patient scenarios. All RTs working under the protocol system, whether or not they are evaluators, complete an assessment sheet and, following the associated algorithms, write a care plan for each scenario. The assessment sheets and the care plans are compared with the “gold standard,” or correct assessments and care plans as determined by the consensus of the education coordinator and the supervisors. Scores are tabulated for the individual therapists, and the number of errors for each therapy is examined. If a particular therapy consistently has a large number of associated errors, the algorithm is reviewed for errors or vagueness. To facilitate administering and grading patient simulation exercise results, a computer-based system that scores the assessments and care plans and provides feedback to the RT has been used. Performance data of individual RTs are maintained in a database to calculate and track aggregate performance statistics.














Peer Review Organizations


In addition to the voluntary accreditation process that health care organizations use to help ensure that patients are receiving quality care, the federal government has established an elaborate system of PROs to evaluate the quality and appropriateness of care given to Medicare beneficiaries. PROs evaluate care provided to individual patients in real time to assess and ensure compliance with federal guidelines.


In recent years, health care organizations have attempted to improve the quality of patient care while reducing costs by implementing several innovative health care models. Historically, models that were commonly implemented were hospital restructuring and redesign and patient-focused care. Protocols and disease management represent continuing solutions. Accountable care organizations (ACOs)29 have also been proposed as a solution to enhance quality and lessen cost. An ACO can be broadly thought of as an emerging model in which a group of health care providers aligns and agrees together to try to meet quality and care targets and to receive payments as a collective entity, from which individual payments can then be disbursed. The ACO can benefit as a group from its success and can absorb losses as a group related to its failure to meet the targets.


Restructuring and redesign involved changing the basic organization of health care services in an attempt to do more with less while increasing value. Approaches for restructuring commonly included cross-training employees, using unlicensed assistive staff, and decentralizing services.30 When respiratory care departments are decentralized and respiratory care management is eliminated, RTs are deployed to individual nursing units and report to nursing supervisors. When complete decentralization occurs, the responsibilities of equipment purchase and maintenance, continuing education, and quality improvement may be assigned to nursing personnel, who often are uncomfortable with these additional burdens.30


Although less commonly practiced, another aspect of restructuring and redesign is cross-training personnel and using assistive staff. Cross-training among professional health care workers can be attempted by teaching activities normally performed by a specific discipline but not restricted by licensing to personnel of another discipline. Nurses might cross-train RTs to perform phlebotomy, whereas RTs might cross-train nurses to perform meter dose inhaler (MDI) therapy. Although theoretically appealing, this strategy has fallen into disfavor because of the substantial associated challenges in implementation.


Cross-training assistive personnel involves on-the-job training of unlicensed personnel, who may not have an educational background in health care, to perform basic technical functions. These assistive personnel may learn to perform some nursing functions, such as taking vital signs, measuring intake and output, and inserting urinary catheters; laboratory technician activities, such as phlebotomy and simple urinalysis; and respiratory therapy activities, such as incentive spirometry follow-up and oxygen checks. The intent of using cross-trained assistive personnel, whose compensation is lower than licensed health care workers, is to enable an institution to reduce the number of nurses, laboratory technicians, and RTs that they employ, reducing costs. Although some aspects of hospital restructuring and redesign have been implemented and persist, others (e.g., cross-training and decentralization) have been abandoned.














Protocols


As described previously, protocols are guided pathways to help direct specific aspects of a patient’s treatment regimen. The primary purpose of respiratory care protocols is to provide therapy to patients needing and likely to benefit from therapy but to avoid delivering services to patients not likely to benefit. A comprehensive protocol program using clinical practice guidelines can provide a dynamic system for modifying the respiratory care regimen in response to a patient’s changing clinical status.


The widespread use and acceptance of respiratory care protocols have been encouraged by studies reporting reduced misallocation of respiratory care and the cost savings associated with protocols. In addition to observational studies,22 the benefits of RT protocols have been shown in randomized, controlled trials for weaning patients from mechanical ventilation31-34 and for allocating respiratory therapy to adult inpatients not in intensive care units (ICUs).24,25 Table 2-3 presents selected studies showing the effect of respiratory care protocols on the misallocation of respiratory therapy. Most studies show a significant decrease in overordering respiratory care services, whereas only a few address underordering services, which is a phenomenon more difficult to assess. Table 2-4 reviews studies addressing the cost savings associated with using protocols, which suggest that respiratory care protocols can effect savings by enhancing appropriate allocation of respiratory care services.12,24,25,35-41 Table 2-5 summarizes the results of five randomized, controlled trials on the effectiveness of respiratory care protocols. These studies establish the efficacy of respiratory care protocols in weaning patients from mechanical ventilation30-32 and in enhancing the allocation of services to adult patients not in ICUs.23,24




TABLE 2-3


Changes in Modalities After Protocol Implementation








	Author and Year Published

	Observed Reductions in Misallocated Therapy After Implementation of Protocols

	Change from Preprotocol to Current Status










	Hart et al,35 1989

	37% (aerosol, hyperinflation)

	48%-11%






	Walton et al,36 1990

	49.1% (aerosol, chest physiotherapy)

	 






	Beasley et al,37 1992

	11.9% (blood gas use)

	42.7%-30.8%






	Ford,38 1994

	57% (aerosol, chest physiotherapy)

	7000-4000 treatments






	Orens,39 1993

	35% (aerosol, bronchopulmonary, hygiene, hyperinflation oxygen, oximetry)

	 









From Haney DJ: Therapist-driven protocols for adult non-intensive care unit patients: availability and efficacy. Respir Care Clin N Am 2:93–104, 1996.







TABLE 2-4


Cost Savings Associated With Respiratory Care Protocols










	Author

	Date

	Duration of Study

	Cost Savings










	Hart et al35


	1989

	3 mo

	$4316 (decrease in actual costs)






	Walton et al36


	1990

	6 yr

	9.7% (decrease in charges)






	Orens39


	1993

	1 yr

	$81,826 (decrease in costs for one nursing unit)






	Ford38


	1994

	1 yr

	$150,000 (decrease in costs)






	Komara and Stoller41


	1995

	40 patients

	53.3% (decrease in costs)






	Shrake et al40


	1996

	2 yr, 4420 patients; cost comparisons:3 mo postprotocol

	$15,337 for 3 study mo, annualized to $61,348/yr






	Stoller et al24


	1998

	1 yr, 145 patients

	$20 (decrease in true costs/patient)






	Kollef et al25


	2000

	9 mo, 694 patients

	$186 (decrease in charges/patient)






	Shelledy et al12


	2004

	3 mo, 75 patients

	$75,395 (estimated annual decrease)














[image: image]





Modified from Haney DJ: Therapist-driven protocols for adult non-intensive care unit patients: availability and efficacy. Respir Care Clin N Am 2:93–104, 1996.







TABLE 2-5


Summary of Available Randomized Trials on the Effectiveness of Respiratory Care Protocols










	Clinical Activity

	Author

	Date

	No. Patients

	Findings










	Weaning from mechanical ventilation

	Kollef et al31


	1997

	357

	Use of protocols was associated with shorter duration of mechanical ventilation






	 

	Ely et al32


	1996

	300

	Routine daily trials of spontaneous breathing trials were associated with shorter duration of mechanical ventilation






	 

	Marelich et al33


	2000

	253

	Use of protocols shortened duration of mechanical ventilation






	Respiratory care protocol service

	Stoller et al24


	1998

	145

	Use of respiratory therapy consult service was associated with improved allocation of respiratory care service with lower costs and no adverse events






	 

	Kollef et al25


	2000

	694

	Use of respiratory protocol service was associated with fewer orders discordant with guidelines and lower charges














[image: image]





From Stoller JK: Are respiratory therapists effective? Assessing the evidence. Respir Care 46:56, 2001.

















Disease Management


Disease management refers to an organized strategy of delivering care to a large group of individuals with chronic disease to improve outcomes and reduce cost. Disease management has been defined as a systematic population-based approach to identify persons at risk, intervene with specific programs of care, and measure clinical and other outcomes.42,43 Disease management programs comprise four essential components: (1) an integrated health care system that can provide coordinated care across the full range of patients’ needs; (2) a comprehensive knowledge base regarding the prevention, diagnosis, and treatment of disease that guides the plan of care; (3) sophisticated clinical and administrative information systems that can help assess patterns of clinical practice; and (4) a commitment to continuous quality improvement. Disease management programs may be developed for chronic conditions such as asthma, diabetes, chronic obstructive pulmonary disease (COPD), and congestive heart failure.


A disease management program for COPD might be adopted by a health care provider, insurance company, or health maintenance organization in defining its practice approach to individuals with COPD. The disease management program might contain algorithms addressing when to suspect COPD, tests to perform (e.g., spirometry, alpha1-antitrypsin level, diffusing capacity), medications to prescribe based on disease severity, management of exacerbations, and indications for rehabilitation. Disease management programs are often outlined in documents containing branched logic algorithms that specify care, similar to respiratory care protocols; however, disease management protocols often address large groups and are based on an underlying diagnosis rather than on individual signs and symptoms. Other dimensions of the COPD disease management program include a data collection activity regarding the number of patients served, the outcomes of care, and, perhaps, the associated costs. In addition, ongoing review and periodic updating and revision of the care algorithms are important dimensions of the program.




















Evidence-Based Medicine


Another important concept regarding quality care is evidence-based medicine. Evidence-based medicine refers to an approach to determining optimal clinical management based on several practices, as follows:43-47 (1) a rigorous and systematic review of available evidence, (2) a critical analysis of available evidence to determine what management conclusions are most sound and applicable, and (3) a disciplined approach to incorporating the literature with personal practice and experience. In a broader context, evidence-based medicine can be thought of as understanding and using the best quality evidence available (i.e., the best-designed, most rigorous clinical trials) to support the most appropriate and correct possible clinical decisions.


In rating the quality of scientific evidence, it is important to recognize the various designs and types of study designs from which scientific evidence comes.48 The simplest and least rigorous design is a single case report, in which a new clinical issue or problem is described in a single patient. A description of the favorable outcome of using a new mode of mechanical ventilation in one patient with refractory hypoxemia would be a single case report. Although single case reports have value in pointing out new insights and new possibilities for treatment, disease associations, or disease causation, they cannot prove the effectiveness of a treatment or the causality of a risk factor because they, by nature, lack a control or comparison group (i.e., a group that is similar to the patient or patients described, differing only in whether the risk factor of interest was present or the treatment of interest was applied). Collecting a group of patients with similar clinical features is called a case series and may have greater impact in that it suggests that the issue is more general than in a single patient alone. However, similar to a single case report, a case series cannot prove the efficacy of a treatment or the causality of a risk factor because no comparison or control group is included.


Cohort studies, which compare the clinical outcomes in two compared groups (or cohorts), generally have greater scientific rigor than case studies or case series and consist of two broad types of study designs: observational cohort studies and randomized controlled trials. In trying to establish whether a treatment works (i.e., has efficacy), an observational cohort study would compare the outcomes between two groups of patients when the treatment was allocated to one group but not the other by either physician or patient choice. More specifically, an observational cohort study of a new mode of mechanical ventilation would compare the outcomes between two groups of similar patients (i.e., especially similar with regard to their risk of developing the outcome measure that is being studied) when the mode of mechanical ventilation was determined either by physician choice (i.e., the physician decided to use this treatment in this patient) or by patient choice. In contrast, a randomized controlled trial, sometimes regarded as the most methodologically rigorous study design (when well conducted), would compare the outcomes of two similar groups of patients when the use of the new mode of mechanical ventilation was determined by chance alone (randomization) rather than by patient or physician choice. In the ideal situation, a randomized controlled treatment trial eliminates all sources of bias that would prevent attributing differences in outcomes between the compared groups to anything other than the treatment itself, “isolating” the effect of the treatment. Said differently, at its best, a randomized controlled treatment trial provides rigorous evidence regarding the efficacy of the treatment when all other potentially confounding variables (e.g., features of the compared patient groups, other medications or treatments used) are eliminated from consideration, allowing the investigators and the readers of the clinical trial results to ascribe confidently outcome differences between the compared groups to the treatment itself.


Variants of the randomized controlled trial include the parallel-control study and the crossover study (Figure 2-7). Parallel-control treatment studies compare two groups: one receives the treatment being studied, and the other receives the control treatment. Sometime after the end of the treatment, outcomes of the two groups are assessed and compared regarding the main outcomes of interest in the study. A parallel-control randomized trial of low-stretch ventilation for ARDS would compare one group of patients receiving low-stretch ventilation with another (otherwise similar) group receiving conventional, higher stretch ventilator settings, and the two groups would be compared after a prespecified time period with regard to key outcomes, such as survival, discharge from the ICU, and organ system failures. This design was used in the ARDS Net clinical trial showing the superiority of using a tidal volume of 6 ml/kg (ideal body weight) in managing patients with acute lung injury or ARDS.49




[image: image]


FIGURE 2-7 Study design of the two types of randomized controlled trial: parallel-control and crossover. In a parallel-control trial, after randomization (R), one group receives the study treatment, while the control group receives the comparison treatment (possibly a placebo). At the end of the subsequent observation period, study outcomes are measured, and the trial is over. In a crossover trial, one group initially receives the study treatment, and the other group receives the comparison treatment; outcomes are measured; and after a washout period (see text), each group receives the alternative treatment for another interval of time, after which outcomes are measured again.








In the other type of randomized controlled trial—the crossover trial—the study treatment is first administered to one group of study subjects while the other group receives the control or comparison treatment, and then, after measuring outcomes and a subsequent “washout period” (in which the effects of the initial treatment decay and wear off fully), the group initially given the study treatment receives the control treatment and vice versa. The crossover study design offers a statistical advantage of greater power to detect a difference between the compared groups if a difference exists, but crossover studies can be performed only when the effects of the initial treatment administered to the first study group can be assured to wear off completely, allowing the study group to return to its baseline state before the alternative treatment is administered.


Evidence-based medicine requires knowledge of how to analyze carefully the results of clinical trials (e.g., randomized controlled trials and observational cohort studies) and how to incorporate the results of such research into high-quality clinical practice. Other tools of evidence-based medicine include systematically reviewing the available literature, or what is called meta-analysis of the literature.28 A meta-analysis of a clinical issue (e.g., does a low-stretch mechanical ventilation strategy improve survival in ARDS?49) identifies, analyzes, and summarizes the body of literature about this topic by assessing the quality of the available evidence and giving greater weight to better designed, more rigorous studies. Sometimes, meta-analyses pool the actual data from different trials together when pooling is scientifically and statistically permissible. In other instances (called narrative analyses), the meta-analysis simply evaluates the quality of the data from each available trial (based on explicit methodologic criteria) to offer a conclusion about the clinical issue.


A meta-analysis performed as part of an evidence-based approach to determining the optimal ventilatory approach for ARDS might weigh the results of large randomized clinical trials of low-stretch versus conventional tidal volume approach mechanical ventilation more heavily than the results of small observational studies. A 2003 evidence-based review of the management of individuals with alpha1-antitrypsin deficiency (see Chapter 23) issued graded recommendations for testing for this genetic cause of COPD.50 A level A recommendation (i.e., that testing should be performed) was issued to test all symptomatic adults with airflow obstruction on pulmonary function tests (whether carrying the diagnosis of emphysema, COPD, or asthma in which airflow obstruction fails to reverse completely with bronchodilators), asymptomatic individuals with persistent airflow obstruction on pulmonary function tests with identifiable risk factors (e.g., cigarette smoking, occupational exposure), individuals with unexplained liver disease, and adults with a skin condition called necrotizing panniculitis.50 Although the hope is that issuing such evidence-based guidelines will improve the care that such individuals receive by allowing clinicians to access efficiently the best available information, experience suggests that clinicians may be slow to adopt the best available evidence in caring for their patients.51


Although some authors point out that evidence-based medicine does not differ from prior practice in which clinicians were always called on to analyze carefully available data and make clinical judgments based on the best-quality information available, evidence-based medicine does specify precise methods for analyzing available information and allowing the clinician to judge best the available evidence. As a measure of the importance of evidence-based medicine in respiratory care, several articles in Respiratory Care considered the effectiveness of RTs and of various respiratory care treatment modalities using an evidence-based approach.45-47 The Clinical Practice Guidelines of the American Association for Respiratory Care are being systematically reviewed to reflect the rigorous techniques of evidence-based medicine and to ensure that guidelines for respiratory care management reflect the best available evidence.47 The proof that low-stretch ventilation is associated with improved survival in patients with ARDS and the methods used to enhance awareness of this best practice are further examples of evidence-based medical practice.





Summary Checklist







• Quality respiratory care can be defined as the competent delivery of indicated respiratory care services.


• Crucial elements for quality respiratory care include:




[image: image] Energetic and competent medical direction


[image: image] Methods for providing indicated and appropriate respiratory care


[image: image] Educated, competent respiratory care personnel


[image: image] Adequate, well-maintained equipment


[image: image] Intelligent system for monitoring performance improvement





• Misallocation of respiratory care services, which hinders the delivery of quality respiratory care, can be defined as overordering or underordering of respiratory care services and is common in current practice.


• Respiratory care protocols are guidelines for delivering appropriate respiratory care services and are widely used in current respiratory care practice.


• Available evidence suggests that use of respiratory care protocols can improve allocation of respiratory care services.


• Delivery of quality respiratory care requires the combined activities of a qualified and committed medical director and capable RTs and can be enhanced by well-constructed respiratory care protocols.


• Practitioner credentialing is important in respiratory care; the RRT represents the highest credential and is based on successful completion of the NBRC examination.


• Maintaining and improving quality requires ongoing monitoring, as may be accomplished by quality audits and repeated competence testing of RTs.


• Evidence-based medicine is an approach to determining optimal patient management based on critically assessing the available evidence. It is recommended that RTs use this approach as they assess the support for respiratory care management strategies.
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Chapter Objectives


After reading this chapter you will be able to:


[image: image] Describe how to apply good body mechanics and posture to moving patients.


[image: image] Describe how to ambulate a patient and the potential benefits of ambulation.


[image: image] Write definitions of key terms associated with electricity, including voltage, current, and resistance.


[image: image] Identify the potential physiologic effects that electrical current can have on the body.


[image: image] State how to reduce the risk of electrical shock to patients and yourself.


[image: image] Identify key statistics related to the incidence and origin of hospital fires.


[image: image] List the conditions needed for fire and how to minimize fire hazards.


[image: image] Identify impediments to care and risk in the direct patient environment.


[image: image] State how communication can affect patient care.


[image: image] Describe the two patient identifier system.


[image: image] List the factors associated with the communication process.


[image: image] Describe how to improve your communication effectiveness.


[image: image] Describe how to recognize and help resolve interpersonal or organizational sources of conflict.


[image: image] List the common components of a medical record.


[image: image] State the legal and practical obligations involved in recordkeeping.


[image: image] Describe how to maintain a problem-oriented medical record.
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Respiratory therapists (RTs) share the general responsibilities for providing a safe and effective health care environment with nurses and other members of the health care team. The continuum of patient safety requires that the RT have specific technical knowledge of the environment of direct patient care. In addition to technical skills, all health care professionals must be able to communicate effectively with each other and with patients and patients’ families and to document pertinent information. Figure 3-1 shows this relationship for patient safety. This chapter provides the foundation knowledge needed to assume these general aspects of patient care effectively.
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FIGURE 3-1 Patient safety continuum.














Safety Considerations


Patient safety is always the first consideration in respiratory care. Although the RT usually does not have full control over the patient’s environment, efforts must be made to minimize potential hazards associated with respiratory care. The key areas of potential risk are patient movement and ambulation, electrical hazards, fire hazards, and general safety concerns.









Patient Movement and Ambulation



Basic Body Mechanics





Posture involves the relationship of the body parts to each other. A person needs good posture to reduce the risk of injury when lifting patients or heavy equipment. Poor posture may place inappropriate stress on joints and related muscles and tendons. Figure 3-2 illustrates the correct body mechanics for lifting a heavy object. The correct technique calls for a straight spine and use of the leg muscles to lift the object.




[image: image]


FIGURE 3-2 Body mechanics for lifting and carrying objects.














Moving the Patient in Bed


Conscious people assume positions that are the most comfortable. Bedridden patients with acute or chronic respiratory dysfunction often assume an upright position, with their arms flexed and their thorax leaning forward. This position helps decrease their work of breathing. In other cases, patients may have to assume certain positions for therapeutic reasons such as when postural drainage is applied.


Figure 3-3 shows the correct technique for lateral movement of a bed-bound patient. Figure 3-4 illustrates the ideal method for moving a conscious patient toward the head of a bed. Figure 3-5 shows the proper technique for assisting a patient to the bedside position for dangling his or her legs or transfer to a chair.
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FIGURE 3-3 A, Method to pull a bed-bound patient. B, Method to push a bed-bound patient.
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FIGURE 3-4 Method to move a patient up in bed with the patient’s assistance.
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FIGURE 3-5 Method to assist a patient in dangling the legs at the side of the bed.




















Ambulation


Ambulation (walking) helps maintain normal body function. Extended bed rest can cause numerous problems, including bed sores and atelectasis (low lung volumes). Ambulation should begin as soon as the patient is physiologically stable and free of severe pain. Ambulation has been shown to reduce the length of hospital stay after surgery and in patients recovering from community-acquired pneumonia.1,2 Safe patient movement includes the following steps:




1. Place the bed in a low position and lock its wheels.


2. Place all equipment (e.g., intravenous [IV] equipment, nasogastric tube, surgical drainage tubes) close to the patient to prevent dislodgment during ambulation.


3. Move the patient toward the nearest side of bed.


4. Assist the patient to sit up in bed (i.e., arm under nearest shoulder and one under farthest armpit).


5. Place one hand under the patient’s farthest knee, and gradually rotate the patient so that his or her legs are dangling off the bed.


6. Let the patient remain in this position until dizziness or lightheadedness lessens (encouraging the patient to look forward rather than at the floor may help).


7. Assist the patient to a standing position.


8. Encourage the patient to breathe easily and unhurriedly during this initial change to a standing posture.


9. Walk with the patient using no, minimal, or moderate support (moderate support requires the assistance of two practitioners, one on each side of the patient).


10. Limit walking to 5 to 10 minutes for the first exercise.





Monitor the patient during ambulation. Note the patient’s level of consciousness, color, breathing, strength or weakness, and complaints such as pain or shortness of breath throughout the activity. Ask the patient about his or her comfort level frequently during the ambulation period. Ensure that chairs are present so that emergency seats are available if the patient becomes distressed. Ambulation is increased gradually until the patient is ready to be discharged. Each ambulation session is documented in the patient chart and includes the date and time of ambulation, length of ambulation, and degree of patient tolerance.




















Electrical Safety


The potential for accidental shocks of patients or personnel in the hospital exists because of the frequent use of electrical equipment. The presence of invasive devices, such as internal catheters and pacemakers, may add to the risk of serious harm from electrical shock. Although this risk is present, it has been significantly reduced in recent years through a combination of education and more rigid standards for wiring, especially in patient care areas. RTs must understand the fundamentals of electrical safety because respiratory care often involves the use of electrical devices.








Fundamentals of Electricity


The ability of humans to create and harness electricity is one of the most important developments in modern times. Because controlled electricity is available on a 24-hour-a-day basis, we can depend on it to power the equipment and appliances that make modern life comfortable and productive. Despite the fact that electricity is one of the most popular sources of power, most people who use it have a poor understanding of it. This lack of knowledge is often a major factor in cases of electrocution.





Mini Clini


“Tingling” Equipment





[image: image] Problem


An RT is caring for a patient on a mechanical ventilator that requires both electrical and pneumatic power for operation. When the RT touches the metal housing of the ventilator, a shock is felt. How should the RT handle the situation based on this observation?








Discussion


All therapeutic instruments used in patient care, including mechanical ventilators, should be connected to grounded outlets (three-wire). Because the ground wire is a protection device only and not part of the main circuit, equipment may continue to operate without the clinician being aware that a problem exists. Because the RT felt a tingling sensation when touching the ventilator, this could represent an improper ground and possible serious current leakage. In this situation, the RT should immediately take the equipment out of service and get it replaced (while providing backup ventilation). All electrical equipment used in patient care should be routinely checked for appropriate grounding.








Electricity moves from point A to point B owing to differences in voltage. Voltage is the power potential behind the electrical energy. Low-voltage batteries (e.g., 9 V) are sufficient to power a small flashlight but inadequate to power a major appliance such as a microwave oven. Most homes and hospitals are powered with 120-V power sources. Power sources that have high voltage have the potential to generate large amounts of electrical current. The current that moves through an object is directly related to the voltage difference between point A and point B and inversely related to the resistance offered by the makeup of the object. Objects with low resistance (e.g., copper wires) allow maximum current to flow through the object. Objects with high resistance (e.g., rubber tubing) allow minimal or no current to flow through the object despite higher levels of voltage.


The simple analogy of water flowing through a piping system is useful to understand electricity. The water pressure level at the source is equivalent to the voltage. Higher water pressure provides the potential for greater water flow or current. The friction (resistance) offered by the pipe across the length of the pipe influences the flow exiting the other end. Pipes with lots of friction reduce the water flow (current) greatly. If the friction (resistance) is minimal, the water flow (current) is maximal. Similarly, when voltage is high and resistance is low, electrical current flows easily through the object.


The difference in resistance between two people or two objects explains why the same voltage applied to both can seriously damage one and cause no effect to the other. Two people accidentally touching a “hot” wire with 120 V can experience two completely different sensations. A person with wet skin offers little resistance, and the 120 V passes through the person with high current and can cause serious injury or death. A person with dry skin, which offers high resistance, may not even feel a shock and experiences no injury. The degree of resistance offered by the skin varies from person to person based on the chemistry of the person’s skin, the cleanliness of the skin, and the amount of moisture on the surface. For this reason, it is never wise to touch a potentially hot wire even though your skin is dry.


As stated before, voltage is the energy potential from an electrical source, and it is measured with a voltmeter. Current is the flow of electricity from a point of higher voltage to one of lower voltage and is reported in amperes (amps). Current is measured with an ampmeter. The resistance to electrical current is reported in ohms. We can determine the resistance to current for any object by the following equation:


Resistance(ohms[Ω])=Voltage(V)/Current(amps[A])


[image: image]


Current represents the greatest danger to you or your patients when electrical shorts occur. Voltage and resistance are important only because they determine how much current potentially can pass through the body. High voltage provides greater potential for high currents, but if resistance is also very high, current would be minimal or nonexistent. Current represents the potential danger to the patient. The harmful effects of current depend on (1) the amount of current flowing through the body, (2) the path it takes, and (3) the duration the current is applied. Higher currents (>100 milliamps [mA]) that pass through the chest can cause ventricular fibrillation, diaphragm dysfunction (owing to severe, persistent contraction), and death.


Because current is most important, you should be familiar with the equation used to calculate it:


Current(A)=Voltage(V)/Resistance(Ω)


[image: image]


For example, as long as a person is insulated by normal clothing and shoes and is in a dry environment, a 120-V shock may hardly be felt because the resistance is high in this situation (10,000 Ω). Current can be calculated as:


Current(A)=120V/10,000Ω=0.012A or12mA


[image: image]


Currents of 12 mA would cause a tingling sensation but no physical damage.


However, if the same person is standing without shoes on a wet floor, a much higher current occurs because the resistance is much lower (1000 Ω). The current is now calculated as:


Current(A)=120V/1000Ω=0.12A or120mA


[image: image]


Because the heart is susceptible to any current level greater than 100 mA, 120 mA represents a potentially fatal shock; this is in sharp contrast to the first example, where the same voltage caused only a tingling sensation.


A shock hazard exists only if the electrical “circuit” through the body is complete, meaning that two electrical connections to the body are required for a shock to occur. In the previous example, the person standing in water with no shoes has “grounded” himself. The finger touching the hot wire provides the input source while the feet standing in water provide the exit to ground. If the same person is wearing rubber boots, the connection to ground does not exist, and the current cannot flow through the individual.


In electrical devices, these two connections typically consist of a “hot” wire and a “neutral” wire. The neutral wire completes the circuit by taking the electrical current to a ground. A ground is simply a low-resistance pathway to a point of zero voltage, such as the earth (hence the term “ground”).


Figure 3-6 shows how current can flow through the body. In this case, a piece of electrical equipment is connected to AC line power via a standard three-prong plug. However, unknown to the practitioner, the cord has a broken ground wire. Normally, current leakage from the equipment would flow back to the ground through the ground wire. However, this pathway is unavailable. Instead, the leakage current finds a path of low resistance through the practitioner to the damp floor (an ideal ground).
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FIGURE 3-6 Hazard created by broken ground wire.








Current can readily flow into the body, causing damage to vital organs when the skin is bypassed via conductors such as pacemaker wires or saline-filled intravascular catheters (Figures 3-7 and 3-8). Even urinary catheters can provide a path for current flow. The heart is particularly sensitive to electrical shock. Ventricular fibrillation can occur when currents of 20 µA (20 microamperes, or 20 millionths of 1 ampere) are applied directly to the heart.
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FIGURE 3-7 Possible microshock hazard caused by patient grounding.
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FIGURE 3-8 Possible hazard through use of certain cardiac monitors and a pacemaker.








Electrical shocks are classified into two types: macroshock and microshock. A macroshock exists when a high current (usually >1 mA) is applied externally to the skin. A microshock exists when a small, usually imperceptible current (<1 mA) bypasses the skin and follows a direct, low-resistance path into the body. Patients susceptible to microshock hazards are termed electrically sensitive or electrically susceptible. Table 3-1 summarizes the different effects of these two types of electrical shock.




TABLE 3-1


Effects of Electrical Shock*










	Amperes (A)

	Milliamperes (mA)

	Microamperes (µA)

	Effects










	Applied to Skin (Macroshock)






	≥6

	>6000

	>6,000,000

	Sustained myocardial contraction followed by normal rhythm; temporary respiratory paralysis; burns, if small area of contact






	0.1-3

	100-3000

	100,000

	Ventricular fibrillation; respiratory center intact






	0.050

	50

	50,000

	Pain; fainting; exhaustion; mechanical injury; heart and respiratory function intact






	0.016

	16

	16,000

	“Let go” current; muscle contraction






	0.001

	1

	1000

	Threshold of perception; tingling






	Applied to Myocardium (Microshock)






	0.001

	0.1

	100

	Ventricular fibrillation
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Duration of exposure and current pathway are major determinants of human response to electrical shock.


*Physiologic effects of AC shocks applied for 1 second to the trunk or directly to the myocardium.

















Preventing Shock Hazards


Most shock hazards are caused by inappropriate or inadequate grounding. Shock hazards can be eliminated or minimized if wiring in patient care areas is appropriate and if all equipment brought into the patient care area has been UL approved and checked on a regular basis by a qualified person.








Ground Electrical Equipment Near the Patient


All electrical equipment (e.g., lights, electrical beds, ventilators, monitoring or therapeutic equipment) should be connected to grounded outlets with three-wire cords. In these cases, the third (ground) wire prevents the dangerous buildup of voltage that can occur on the metal frames of some electrical equipment.


Modern electrical devices used in hospitals are designed so that their frames are grounded, but their connections to the patient are not. In this manner, all electrical devices in reach of the patient are grounded, but the patient remains isolated from ground. Because the ground wire is simply a protection device and not part of the main circuit, equipment continues to operate normally even if the ground wire is broken. All electrical equipment, particularly devices used with electrically susceptible patients, must be checked for appropriate grounding on a regular basis by a qualified electrical expert.


























Fire Hazards


In 1980, approximately 13,000 health care facility fires were officially reported in the United States.3 During the period 2004-2006, the average annual number of fires in health care facilities was 6400.4 This significant reduction in health care facility fires is primarily due to education and enforcement of strict fire codes.


About 23% of fires in health care facilities occur in hospitals, and 44% occur in nursing homes; the most common site of origin of the fire is the kitchen.3 About 15% of hospital fires start in patient care rooms and are usually due to patients or visitors smoking or using open flames to light tobacco products. Medical facility fires cause an annual average of five civilian deaths and approximately $34 million in damage.4


Hospital fires can be very serious, especially when they occur in patient care areas and when supplemental oxygen is in use. Fires in oxygen-enriched atmospheres (OEAs) are larger, more intense, faster burning, and more difficult to extinguish. In addition, some material that would not burn in room air would burn in OEAs. Hospital fires are also more serious because evacuation of critically ill patients is difficult and slow. For these reasons, hospital fires often cause more injuries and deaths per fire than do residential fires. For a fire to start, three conditions must exist: (1) flammable material must be present, (2) oxygen must be present, and (3) the flammable material must be heated to or above its ignition temperature. When all three conditions are present, a fire starts. Conversely, removing any one of the conditions can stop a fire from starting or extinguish it after it has begun. Fire is a serious hazard around respiratory care patients using supplemental oxygen. Although oxygen is nonflammable, it greatly accelerates the rate of combustion. Burning speed increases with an increase in either the concentration or the partial pressure of oxygen.


Flammable material should be removed from the vicinity of oxygen use to minimize fire hazards. Flammable materials include cotton, wool, polyester fabrics, bed clothing, paper materials, plastics, and certain lotions or salves such as petroleum jelly. Removal of flammable material is particularly important whenever oxygen enclosures, such as oxygen tents or croupettes, are used.


Ignition sources, such as cigarette lighters, should not be allowed in rooms where oxygen is in use. In addition, the use of electrical equipment capable of generating high-energy sparks, such as exposed switches, must be avoided. All appliances that transmit house current should be kept out of oxygen enclosures. Children should not play with toys that may create a spark when oxygen is in use. RTs must be diligent in educating patients and visitors about the dangers associated with spark-producing items, open flames, and burning cigarettes in the hospital environment, especially in OEAs.


A frequent source of concern is the presence of static electrical sparks generated by friction. Even in the presence of high oxygen concentrations, the overall hazard from static sparks with the materials in common use is very low. Solitary static sparks generally do not have sufficient heat energy to raise common materials to their flash points. The minimal risk that may be present can be reduced further by maintaining high relative humidity (>60%).


If you identify a fire in a patient care area, you must know what to do. Each hospital must have a core fire plan that identifies the responsibilities of hospital personnel. The plan should be taught to all hospital personnel and practiced with fire drills to reinforce the education. Requirements may include routinely walking the fire exits and reviewing proper fire extinguisher training. Fire extinguisher training includes following the acronym PASS:




Pull the pin—there may be an inspection tag attached


Aim the nozzle—aim low at the bottom of the fire


Squeeze the handle—the extinguisher has less than 30 seconds of spray time


Sweep the nozzle across the base of the fire.





The core fire plan follows the acronym RACE:




Rescue patients in the immediate area of the fire. The person discovering the fire should perform the rescue.


Alert other personnel about the fire so that they can assist in the rescue and can relay the location of the fire to officials. This step also involves pulling the fire alarm.


Contain the fire. After rescuing patients, shut doors to prevent the spread of the fire and the smoke. In patient care areas, follow your hospital policy regarding turning off oxygen zone valves.


Evacuate other patients and personnel in the areas around the fire who may be in danger if the fire spreads.





RTs are frequently key participants in successful handling of hospital fires. First, they know where the oxygen zone valves are located and how to shut them off. Second, they have the knowledge and skills needed to evacuate patients receiving mechanical ventilation or supplemental oxygen to sustain life. Third, they know how to treat and resuscitate victims of smoke inhalation. For these reasons, RTs should be included in all hospital evacuation planning and practices.














General Safety Concerns


In addition to electrical and fire safety, RTs need to be aware of general safety concerns, including the direct patient environment, disaster preparedness, magnetic resonance imaging (MRI) safety, and medical gas safety. Medical gas safety is discussed in more detail in Chapter 37.








Direct Patient Environment


The immediate environment around the patient can create risk for patient safety. Because RTs use medical equipment and participate in direct patient care, it is necessary for RTs to be cognizant of the patient’s immediate environment.


To reduce the risk of patient falls and allow easy access to care, the patient care environment should be as free of impediments to care as possible. Use of respiratory supplies and medical equipment by the RT creates an environment that could impede access to care and create a fall risk. It is the responsibility of the RT to position equipment, tubing, and treatments in a way that does not impede access to care and that reduces risk of falls. In addition, when care is completed, the RT should ensure that the patient has easy access to the patient call system.














Disaster Preparedness


A key component of disaster preparedness involves learning to transport and transfer critically ill patients. Another component includes preparing for a loss of electricity, whether it is due to an internal or external disaster. In these emergencies, hospitals have backup generators to power essential equipment. All electrical outlets may not function on the backup generator. Some hospitals designate emergency outlets with a red outlet or red dot on an outlet, whereas others may power an entire wing, such as a medical intensive care unit, with the backup generator power. It is incumbent on the RT to know the specific hospital policy for power failures and other potential disasters.














Magnetic Resonance Imaging Safety


MRI exposes the body to powerful magnetic fields and a small amount of radiofrequency. This powerful magnetic field can create a risk to patients, health care workers, and equipment if metal objects are brought within specified proximity to the field. There are safe proximity areas referred to as safety zones or Gauss lines. Metal objects can be so forcefully attracted to the magnetic field that they can mimic a missile, causing physical harm. Reports of accidents associated with MRI include oxygen cylinders, stethoscopes, scissors, and IV poles. RTs need to become familiar with MRI-compatible ventilators, oxygen supplies, and ancillary equipment. Each radiology department has specific rules and safety precautions that need to be communicated to all patients, caregivers, and health care personnel.














Medical Gas Cylinders


Use of compressed gas cylinders by RTs requires special handling. The physical hazards resulting from improper storage or handling of cylinders include increased risk of fire, explosive release of high-pressure cylinders, and the toxic effect of some gases. It is important to store and transport cylinders in appropriate racks or chained containers. Compressed gas cylinders should never be stored without support.


Storage of medical grade gases is regulated by National Fire Protection Association Standards 99 Health Care Facilities (2005 edition) and monitored by the Joint Commission on Accreditation of Healthcare Organizations. Quantities of oxygen or nitrous oxide of 300 cubic feet or less (about 12 E-cylinders) in a patient care area not to exceed 2100 m2 are required to be secured properly but do not have special storage room requirements.5 Storing 300 to 3000 cubic feet of oxygen or nitrous oxide requires noncombustible or limited combustible storage rooms with self-closing doors and at least a [image: image] hour fire rating.5 Cylinders must be stored 20 feet from any combustibles (5 feet if room is equipped with a sprinkler system).5 Follow your hospital policies and procedures when handling, transporting, or storing medical gas cylinders.


























Communication


Communication is a dynamic human process involving sharing of information, meanings, and rules. Communication has five basic components: sender, message, channel, receiver, and feedback (Figure 3-9).
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FIGURE 3-9 Elements of human communication. See text on pp. 49-51.








The sender is the individual or group transmitting the message. The message is the information or attitude communicated by the sender. Messages may be verbal or nonverbal. Verbal messages are voiced or written. Examples of different kinds of messages are lectures, letters, and e-mail memos. Nonverbal communication is any communication that is not voiced or written. Nonverbal communication includes gestures, facial expressions, eye movements and contact, voice tone, space, and touch.


The channel of communication is the method used to transmit messages. The most common channels involve sight and hearing, such as written and oral messages. However, other sensory input, such as touch, may be used with visual or auditory communication. In addition, communication channels may be formal (memos or letters) or informal (conversation).


The receiver is the target of the communication and can be an individual or a group. One-on-one communication is often more effective because both parties can respond to each other. Communication with a group can be more challenging but is a more efficient way to get information to numerous individuals.


The last essential part of communication is feedback. Human communication is a two-way process in which the receiver serves an active role. Feedback from the receiver allows the sender to measure communication success and provide additional information when needed.








Communication in Health Care


Effective communication is the most important aspect of providing safe patient care. The first two 2010 National Patient Safety Goals of The Joint Commission are to improve accuracy of patient identification and to improve effectiveness of communicating critical test values among caregivers.6 All health care personnel must correctly identify patients before initiating care using a two patient identifier system. The patient identifiers can include any two of the following: name, birth date, and medical record number. Effectively communicating critical test values should include a “read back” scenario verifying the reporter and the receiver of the information and accurate reporting and recording of test values. Each institution may have specific values as critical test values; for example, RTs may be expected to report blood gas values of a pH less than 7.2 or a PO2 less than 50 mm Hg. The process of the “read back” scenario is described in Box 3-1.





Box 3-1   “Read Back” Process to Ensure Accurate Communication of Information





Prescriber/Reporter







• Orders or critical test results are read and clearly enunciated, using two patient identifiers


• Avoid abbreviations


• Ask receiver to “read back” the information if this is not done voluntarily


• Verify with the receiver that the information is correct











Receiver







• Record the order or value


• Ask “prescriber/reporter” to repeat if information is not understood


• “Read back” the information, including two patient identifiers


• Receive confirmation from the “prescriber/reporter” that the information is correct; if incorrect, repeat the process











As an RT, you will have many opportunities to communicate with patients, other RTs, nurses, physicians, and other members of the health care team. Success as an RT depends on your ability to communicate with these key people. Poor communication skills can limit your ability to treat patients, work well with others, and find satisfaction in your employment.


RTs can communicate empathy to their patients through the use of key words and eye contact and the proper use of touch. Communicating empathy to patients is an effective way of letting them know you care for their well-being and are willing to provide respiratory care to help their breathing. Techniques involve asking the patient about his or her breathing on a regular basis, making good eye contact when the patient is speaking, and using gentle touch on the arm or hand when comforting the patient.














Factors Affecting Communication


Many factors affect communication in the health care setting (Figure 3-10). The uniquely human or “internal” qualities of sender and receiver (including their prior experiences, attitudes, values, cultural backgrounds, and self-concepts and feelings) play a large role in the communication process.
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FIGURE 3-10 Factors influencing communication. (Modified from Wilkins RL, Sheldon RL, Krider SJ: Clinical assessment in respiratory care, ed 6, St. Louis, 2010, Mosby.)








Generally, the verbal and nonverbal components of communication should enhance and reinforce each other. The RT who combines a compassionate-toned verbal message such as, “You’re going to be all right now,” with a confirming touch of the hand is sending a much stronger message to an anxious patient than the message provided by either component alone.





Mini Clini


Patient Communication





[image: image] Problem


A 73-year-old man with chronic obstructive pulmonary disease (COPD) is admitted to the emergency department for acute shortness of breath that is not relieved with rest. The patient has been admitted more than eight times during the past year for various respiratory problems. The patient’s physician thinks that this episode may reflect a worsening of his disease process and orders an inhaled bronchodilator via a meter dose inhaler. After the RT enters the room and introduces herself, the patient becomes quite defensive, stating that he does not need any assistance with treatments and that she should just leave the medication in the room. The RT has not treated the patient in the past and has to decide how to respond to the patient’s request.








Discussion


Although this patient exhibited reluctance in allowing the RT to administer the therapy, enough verbal and perhaps nonverbal communication (message) was expressed by the patient (sender) for the RT (receiver) to determine a plan of action. Because human communication is a two-way process, the RT serves an active role for further messages and interaction. This is a key concept for RTs to master because it helps in identifying a patient’s problems, evaluating progress, and recommending further respiratory care. The RT must recognize that when an individual verbalizes disagreement with a treatment order and exhibits defensive behavior, the RT must attempt to understand what the patient is saying and not overreact. The RT could try to put the patient at ease by making eye contact, gesturing effectively, and maintaining a safe distance from the patient when talking. The RT should seek feedback from the patient to ensure that the message was understood as it was intended. In this situation, it may be appropriate for the RT to review and demonstrate meter dose inhaler use and ask the patient to “teach back” proper inhaler use and observe the patient self-administer the medication. This process (message) can be repeated until the patient can demonstrate proper technique. Allowing the patient to participate actively in medical care when feasible may serve to help him maintain a sense of control over his disease process.




















Effective Communication in Health Care


RTs must be effective communicators. Effective communication occurs when the intent or purpose of the interaction is achieved. Several key purposes of communication are summarized in Box 3-2. The RT must consider the roles involved, the message, the channel, and the appropriate feedback to help achieve these purposes when communicating.





Box 3-2   Purposes of Communication in the Health Care Setting







• To establish rapport with another individual, such as a colleague, a patient, or a member of the patient’s family


• To comfort an anxious patient by explaining the unknown


• To obtain information, such as during a patient interview


• To relay pertinent information, as when charting the results of a patient’s treatment


• To give instructions, as when teaching a patient how to perform a lung function test


• To persuade others to take action, as when attempting to convince a patient to quit smoking


• To educate and confirm understanding as in a “teach back” scenario














Roles


The RT may be primarily the sender or the receiver. When the RT is teaching a patient how to perform a lung function test, the RT’s role of sender is paramount. When the RT is interviewing a patient to obtain information, the RT’s role as receiver is most important. When an RT is instructing a patient on a particular piece of equipment, such as a home continuous positive airway pressure or a meter dose inhaler with a spacer, the RT serves as both a sender and a receiver. In this case, a “teach back” scenario would be helpful in which the RT sends information to the patient and receives confirmation of understanding by having the patient “teach back” his or her understanding. This process can be repeated until the RT is satisfied with the patient’s understanding.














Message and Channel


Charting the results of a patient’s treatment (to inform other health care professionals) requires formality, objectivity, brevity, accuracy, and consistency in the use of medical jargon. This type of message or channel would not be used to establish rapport with a patient. Instead, a less formal channel would be used; jargon would be avoided; and feelings and feedback, both verbal and nonverbal, would be emphasized.














Feedback


The central role played by feedback is evident in all of the listed purposes of communication. When instructing a patient to perform a lung function test, it is only by judging the patient’s understanding and actual performance that the RT can assess the effectiveness of the teaching effort. Likewise, the feedback received by an RT while trying to establish rapport with a patient’s family indicates the success of that effort and can provide clues as to how to improve the relationship.




















Improving Communication Skills


To enhance your ability to communicate effectively, focus on improving sending, receiving, and feedback skills. In addition, identify and overcome common barriers to effective communication.








Practitioner as Sender


Your effectiveness as a sender of messages can be improved in several ways. These suggestions may be applied to the clinical setting as follows:




• Share information rather than telling. Health professionals often provide information in an authoritative manner by telling colleagues or patients what to do or say. This approach can cause defensiveness and lead to uncooperative behavior. Conversely, sharing information creates an atmosphere of cooperation and trust.


• Seek to relate to people rather than control them. This is of particular significance during communication with patients. Health care professionals often attempt to control patients. Few people like to be controlled. Patients feel much more important if they are treated as an equal partner in the relationship. Explaining procedures to patients and asking their permission to proceed is a way to make them feel a part of the decision making regarding their care.


• Value disagreement as much as agreement. When individuals express disagreement, make an attempt to understand what they are saying and do not become defensive. Be prepared for disagreement and be open to the input of others.


• Use effective nonverbal communication techniques. The nonverbal communication that you use is just as important as what you say. Nonverbal techniques include good eye contact, effective gesturing, facial expressions, and voice tone. It is important that your nonverbal communication matches what you are saying. If you are trying to establish rapport with a patient but do not look him or her in the eye, your communication will not be as effective. Your eye contact and facial expressions help convey what you are trying to say and cause your words to have more impact. Appropriate eye contact also conveys to the patient that you are a professional who is self-confident.

















Practitioner as Receiver and Listener


Receiver skills are just as important as sender skills. Messages sent are of no value unless they are received as intended. Active listening on the part of the receiver is required. Learning to listen requires a strong commitment and great effort. A few simple principles can help improve your listening skills, as follows:




• Work at listening. Listening is often a difficult process. It takes effort to hear what others are saying. Focus your attention on the speaker and on the message.


• Stop talking. Practice silent listening and avoid interrupting the speaker during an interaction. Interrupting the patient is a sure way to diminish effective communication.


• Resist distractions. It is easy to be distracted by surrounding noises and conversations. This is particularly true in a busy environment such as a hospital. When you are listening, try to tune out other distractions and give your full attention to the person who is speaking.


• Keep your mind open; be objective. Being open-minded is often difficult. All people have their own opinions that may influence what they hear. Try to be objective in your listening so that you treat everyone fairly.


• Hear the speaker out before making an evaluation. Do not just listen to the first few words of the speaker. This is a common mistake made by listeners. Often, listeners hear the first sentence and tune out the rest, assuming that they know what is being said. It is important to listen to the entire message; otherwise, you may miss important information.


• Maintain composure; control emotions. Allowing emotions, such as anger or anxiety, to distort your understanding or drawing conclusions before a speaker completes his or her thoughts or arguments is a common error in listening.





Active listening is a key component in health care communication. Many of the messages being sent are vital to patient care. If you do not listen effectively, important information may be lost, and the care of your patients may be jeopardized.














Providing Feedback


To enhance communication with others, effective feedback needs to be provided. Examples of effective feedback mechanisms in oral communication with patients include attending, paraphrasing, requesting clarification, perception checking, and reflecting feelings:




• Attending. Attending involves the use of gestures and posture that communicates one’s attentiveness. Attending also involves confirming remarks, such as, “I see what you mean.”


• Paraphrasing. Paraphrasing, or repeating the other’s response in one’s own words, is a technique useful in confirming that understanding is occurring between the parties involved in the interaction. However, overuse of paraphrasing can be irritating.


• Requesting clarification. Requesting clarification begins with an admission of misunderstanding on the part of the listener, with the intent being to understand the message better through restating or using alternative examples or illustrations. Overuse of this technique, as with paraphrasing, can hamper effective communication, especially if it is used in a condescending or patronizing manner. Requests for clarification should be used only when truly necessary and should always be nonjudgmental in nature.


• Perception checking. Perception checking involves confirming or disproving the more subtle components of a communication interaction, such as messages that are implied but not stated. For example, the RT might sense that a patient is unsure of the need for a treatment. In this case, the RT might check this perception by saying, “You don’t seem to be sure that you need this treatment. Is that correct?” By verifying or disproving this perception, both the health care professional and the patient understand each other better.


• Reflecting feelings. Reflecting feelings involves the use of statements to determine better the emotions of the other party. Nonjudgmental statements, such as, “You seem to be anxious about (this situation),” provide the opportunity for patients to express and reflect on their emotions and can help them confirm or deny their true feelings.

















Minimizing Barriers to Communication


There are many potential barriers to effective communication. A skillful communicator tries to identify and eliminate or minimize the influence of these barriers in all interactions. By minimizing the influence of these barriers, the sender can help ensure that the message will be received as intended. Key barriers to effective communication are the following:




• Use of symbols or words that have different meanings. Words and symbols (including nonverbal communication) can mean different things to different people. These differences in meaning derive from differences in the background or culture between the sender and receiver and the context of the communication. For example, RTs often use the letters “COPD” to refer to patients with chronic obstructive pulmonary disease caused by long-term smoking. Patients may hear “COPD” used in reference to them and be confused about the meaning and interpret COPD to mean a fatal lung disease. Never assume that the patient has the same understanding as you in the interpretation of commonly used symbols or phrases.


• Different value systems. Everyone has his or her own value system, and many people do not recognize the values held by others. A large difference between the values held by individuals can interfere with communication. A clinical supervisor may inform students of the penalties for being late with clinical assignments. If a student does not value timeliness, he or she may not take seriously what is being said.


• Emphasis on status. A hierarchy of positions and power exists in most health care organizations. If superiority is emphasized by individuals of higher status, communication can be stifled. Everyone has experienced interactions with professionals who make it clear who is in charge. Emphasis on status can be a barrier to communication not only among health care professionals but also between health care professionals and patients.


• Conflict of interest. Many people are affected by decisions made in health care organizations. If people are afraid that a decision will take away their advantage or invade their territory, they may try to block communication. An example might be a staff member who is unwilling to share expertise with students. This person may feel that a student is invading his or her territory.


• Lack of acceptance of differences in points of view, feelings, values, or purposes. Most of us are aware that people have different opinions, feelings, and values. These differences can thwart effective communication. To overcome this barrier, an effective communicator allows others to express their differences. Encouraging individuals to communicate their feelings and points of view benefits everyone. Most of us think we are always correct. Accepting input from others promotes growth and cooperation.


• Feelings of personal insecurity. It is difficult for people to admit feelings of inadequacy. Individuals who are insecure do not offer information for fear that they appear ignorant, or they may be defensive when criticized, blocking clear communication. Many of us have worked with individuals who are insecure, realizing the difficulty in communicating with them.





To become an effective communicator, identify the purpose of each communication interaction and your role in it. Use specific sending, receiving, and feedback skills in each interaction. Finally, minimize any identified barriers to communication with patients or peers, to ensure that messages are received as intended.


























Conflict and Conflict Resolution


Conflict is sharp disagreement or opposition among people over interests, ideas, or values. Because no two people are exactly alike in their backgrounds or attitudes, conflict can be found in every organization. Health care professionals experience a great deal of conflict in their jobs. Rapid changes occurring in health care have made everyone’s jobs more complex and often more stressful. Because conflict is inevitable, all health care professionals must be able to recognize its sources and help resolve or manage its effect on people and on the organization.








Sources of Conflict


The first step in conflict management is to identify its potential sources. The four primary sources of conflict in organizations are (1) poor communication, (2) structural problems, (3) personal behavior, and (4) role conflict.








Poor Communication


Poor communication is the primary source of conflict in organizations. The previously discussed barriers to communication all are potential sources of conflict. If a supervisor is unwilling to accept different points of view for dealing with a difficult patient, an argument may occur. The importance of good communication cannot be overemphasized.














Structural Problems


The structure of the organization itself can increase the likelihood of conflict. Conflict tends to grow as the size of an organization increases. Conflict is also greater in organizations whose employees are given less control over their work and in organizations where certain individuals or groups have excessive power. Structural sources of conflict are the most rigid and are often difficult to control.














Personal Behavior


Personal behavior factors are a major source of conflict in organizations. Different personalities, attitudes, and behavioral traits create the possibility of great disagreement among health care professionals and between health care professionals and patients.














Role Conflict


Role conflict is the experience of being pulled in several directions by individuals who have different expectations of a person’s job functions. A clinical supervisor is often expected to function both as a staff member and as a student supervisor. Trying to fill both roles simultaneously can cause stress and create interpersonal conflict.




















Conflict Resolution


Conflict resolution or management is the process by which people control and channel disagreements within an organization. There are five basic strategies for handling conflict:




1. Competing


2. Accommodating


3. Avoiding


4. Collaborating


5. Compromising











Competing


Competing is an assertive and uncooperative conflict resolution strategy. Competing is a power-oriented method of resolving conflict. A supervisor who uses rank or other forces to attempt to win is using the competing strategy. This strategy may be useful when an unpopular decision must be made or when one must stand up for his or her rights. However, because it often causes others to clam up and feel inferior, competing should be used cautiously.














Accommodating


Accommodating is the opposite of competing. Accommodating is unassertive and cooperative. When people accommodate others involved in conflict, they neglect their own needs to meet the needs of the other party. Accommodation is a useful strategy when it is essential to maintain harmony in the environment. Accommodation is also appropriate when an issue is much more important to one party or the other in a dispute.














Avoiding


Avoiding is both an unassertive and an uncooperative conflict resolution strategy. In avoiding conflict, one or both parties decide not to pursue their concerns. Avoidance may be appropriate if there is no possibility of meeting one’s goals. In addition, if one or both of the parties are hostile, avoidance may be a good strategy, at least initially. However, too much avoidance can leave important issues unattended or unresolved.














Collaborating


As a conflict resolution strategy, collaborating is the opposite of avoiding. Collaborating is assertive and cooperative. In collaboration, the involved parties try to find mutually satisfying solutions to their conflict. Collaboration usually takes more time than other methods and cannot be applied when the involved parties harbor strong negative feelings about each other.














Compromising


Compromising is a middle-ground strategy that combines assertiveness and cooperation. People who compromise give up more than individuals who compete but give up less than individuals who accommodate. Compromise is best used when a quick resolution is needed that both parties can accept. However, because both parties often feel they are losing, compromise should not be used exclusively.


Deciding which type of conflict resolution strategy to use requires knowledge of the context, the specific underlying problem, and the desires of the involved parties.


























Recordkeeping


By 2014, the U.S. government would like all medical recordkeeping to be done electronically. The electronic medical record (EMR) is changing the way health care practitioners document care, but the overall content and concept of what we record remains the same. A medical record or chart presents a written picture of occurrences and situations pertaining to a patient throughout his or her stay in a health care institution. Medical records are the property of the institution and are strictly confidential. This information is protected under the Health Insurance Portability and Accountability Act (HIPAA) of 1996. The content of a patient’s medical records, health insurance, or billing are not to be read or discussed by anyone except the individuals directly caring for the patient in a hospital or medical care facility. In addition, the medical record is a legal document.





Mini Clini


Legal Aspects of Recordkeeping





[image: image] Problem


A patient was given a respiratory treatment by a respiratory care student, who forgot to chart that the therapy was given. The student reasoned that because he did not observe any adverse effects during or immediately after the treatment and he knew that the treatment was given, not documenting the treatment in the medical record this one time would be acceptable. What are the problems associated with this student’s judgment and subsequent actions?








Discussion


The medical record is a legal document intended to identify types of care given to a patient and to serve as a source of information to the physician, RT (including the student), and other health care providers in developing an individualized plan of care. It further serves as a tool for evaluating the effectiveness in reaching the goals of therapy. Hospitals and other health care agencies critically evaluate the medical records of patients to maintain high-quality patient care. Failure to document care rendered, such as a respiratory treatment, hinders the process of providing high-quality care in several ways.


First, information that is important to the physician and other caregivers interested in the patient’s respiratory status is missing from the medical record. In this situation, although the student observed a lack of response by the patient during and immediately after the treatment, a delayed effect could still have occurred. Consequently, the physician or RT would have difficulty in establishing the cause of a condition change in the patient related to the respiratory treatment. From a legal perspective, patient care not documented may be viewed as care not rendered, making the hospital or institution vulnerable to charges of patient neglect, which would be difficult to defend in a court of law.








Because the law requires that a record be kept of the patient’s care, a patient’s chart is also a legal document. For this reason, charting or recordkeeping must be done so that it is meaningful for days, months, or years, in case it must be used in court.








Components of a Traditional Medical Record


Each health care facility has its own specification for the medical records it keeps. Although the forms themselves vary among institutions, most acute care medical records share common sections (Box 3-3).





Box 3-3   General Sections Found in a Patient Medical Record





Admission Sheet


Records pertinent patient information (e.g., name, address, religion, nearest of kin), admitting physician, and admission diagnosis








History and Physical Examination


Records the patient’s admitting history and physical examination, as performed by the attending physician or resident








Health Maintenance and Immunizations


Records the dates of administration








Physician’s Orders


Records the physician’s orders and prescriptions








Progress Sheet


Keeps a continuing account of the patient’s progress for the physician








Nurses’ Notes


Describes the nursing care given to the patient, including the patient’s complaints (subjective symptoms), the nurses’ observations (objective signs), and the patient’s response to therapy








Medication Record


Notes drugs and IV fluids that are given to the patient








Allergies


Notes reaction, severity, type, and date noted








Vital Signs Graphic Sheet


Records the patient’s temperature, pulse, respirations, and blood pressure over time








I/O Sheet


Records patient’s fluid intake (I) and output (O) over time








Laboratory Sheet


Summarizes the results of laboratory tests








Consultation Sheet


Records notes by physicians who are called in to examine a patient to make a diagnosis








Surgical or Treatment Consent


Records the patient’s authorization for surgery or treatment








Anesthesia and Surgical Record


Notes key events before, during, and immediately after surgery








Specialized Therapy Records and Progress Notes


Records specialized treatments or treatment plans and patient progress for various specialized therapeutic services (e.g., respiratory care, physical therapy)








Specialized Flow Sheets


Records measurement made over time during specialized procedures (e.g., mechanical ventilation, kidney dialysis)








Advanced Directives


Records wishes and documents regarding living wills, power of attorney, and do not resuscitate orders








Figure 3-11 provides an example of a desaturation study for home oxygen therapy qualification. Documentation sheets are designed to report data briefly and to decrease time spent in documentation. Entries can include many measurements, and review of a sequence of entries can reveal trends in patient status.
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FIGURE 3-11 Documentation form for fast or slow weaning tolerance. (Courtesy Loma Linda University Medical Center, Loma Linda, California.)




















Legal Aspects of Recordkeeping


Legally, documentation of the care given to a patient means that care was given; no documentation means that care was not given. Hospital accreditation agencies critically evaluate the medical records of patients. If the RT does not document care given (i.e., patient assessment data, interventions, and evaluation of care rendered), the practitioner and the hospital may be accused of patient neglect.


Adequate documentation of care is valuable only in reference to standards and criteria of care. Similar to all departments in health care facilities, respiratory care departments must generate their own standards of patient care. For each standard, criteria must be outlined so that the adequacy of patient care can be measured. Documentation must reflect these standards.














Practical Aspects of Recordkeeping


Recordkeeping is one of the most significant duties that a health care professional performs. Documentation is required for each medication, treatment, or procedure. Accounts of the patient’s condition and activities must be charted accurately and in clear terms. Brevity is essential, although a complete account of each patient encounter is needed. The use of standardized terms and abbreviations is acceptable; however, The Joint Commission has published a “Do Not Use” abbreviation list developed to reduce potential errors (Table 3-2).7 Documentation of consultations with the attending physician that include the date and time of the conversation is recommended.




TABLE 3-2


The Joint Commission “Do Not Use” List*










	Do Not Use

	Potential Problem

	Use Instead










	U (unit)

	Mistaken for 0 (zero), the number 4 (four) or cc

	Write “unit”






	IU (international unit)

	Mistaken for IV (intravenous) or the number 10 (ten)

	Write “international unit”






	Q.E., QD, q.d., qd (daily); Q.O.D., POD, q.o.d, qod (every other day)

	Mistaken for each other; period after the Q mistaken for I and the O mistaken for I

	Write “daily” or “every other day”






	Trailing zero (X.0 mg)†; lack of leading zero (.X mg)

	Decimal point is missed

	Write “X mg” or “0.X mg”






	MS

	Can mean morphine sulfate or magnesium sulfate

	Write “morphine sulfate”






	MSO4, MgSO4


	Confused for one another

	Write “magnesium sulfate”






	Additional Abbreviations, Acronyms, and Symbols for Possible Future Inclusion in the Official “Do Not Use” List






	> (greater than); < (less than)

	Misinterpreted as the number 7 (seven) or the letter L; confused for one another

	Write “greater than” or “less than”






	Abbreviations for drug names

	Misinterpreted owing to similar abbreviations for multiple drugs

	Write drug names in full






	Apothecary units

	Unfamiliar to many practitioners; confused with metric units

	Use metric units






	@

	Mistaken for the number “2” (two)

	Write “at”






	cc

	Mistaken for U (units) when poorly written

	Write “mL” or “ml” or “milliliters” (“mL” is preferred)






	µg

	Mistaken for mg (milligrams) resulting in 1000-fold overdose

	Write “mcg” or “micrograms”














[image: image]





*Applies to all orders and all medication-related documentation that is handwritten (including free-text computer entry) or on preprinted forms.


†Exception: A “trailing zero” may be used only where required to show the level of precision of the value being reported, such as for laboratory results, imaging studies that report size of lesions, or catheter/tube sizes. It may not be used in medication orders or other medication-related documentation.


From The Joint Commission: 2010 TJC “Do Not Use” list. http://www.jointcommission.org/ accessed December 17, 2010.





Accounts of care and the patient’s condition are generally printed by hand or handwritten. In some institutions, computerized patient information systems facilitate data entry by selection from menus of choices or direct typing. In either case, you must document only what is—not an interpretation or a judgment. Assessments of data must be clearly within one’s professional domain. When a practitioner cannot interpret the data obtained, he or she should state so in the record and contact another health care professional for advice or referral and document the referral in the patient’s medical record. Other general rules for medical recordkeeping are listed in Box 3-4. In addition to these general rules, each institution has its own policies governing medical recordkeeping.





Box 3-4   General Rules for Medical Recordkeeping


Entries on the patient’s chart should be printed or handwritten. After completing the account, sign the chart with one initial and your last name and your title (CRT, RRT, Resp Care Student; e.g., S. Smith, CRT). Institutional policy may require that supervisory personnel countersign student entries.


Do not use ditto marks.


Do not erase. Erasures provide reason for question if the chart is used later in a court of law. If a mistake is made, a single line should be drawn through the mistake and the word “error” printed above it. Then continue your charting in a normal manner.


Record after completing each task for the patient, and sign your name correctly after each entry.


Be exact in noting the time, effect, and results of all treatments and procedures.


Chart patient complaints and general behavior. Describe the type, location, onset, and duration of pain. Describe clearly and concisely the character and amount of secretions.


Leave no blank lines in the charting. Draw a line through the center of an empty line or part of a line. This prevents charting by someone else in an area signed by you.


Use standard abbreviations.


Use the present tense. Never use the future tense, as in “Patient to receive treatment after lunch.”


Spell correctly. If you are unsure about the spelling of a word, look it up in a dictionary.


Document conversations with the patient or other health care providers that you think are important (e.g., you informed the patient’s physician or nurse that the patient seems confused or more short of breath).

















Problem-Oriented Medical Record


The problem-oriented medical record (POMR) is an alternative documentation format used by some health care institutions. The POMR contains four parts: (1) the database, (2) the problem list, (3) the plan, and (4) the progress notes. The precise forms these records take vary among institutions.


The database contains routine information about the patient. A general health history, physical examination results, and results of diagnostic tests are included.


In the POMR, a problem is something that interferes with a patient’s physical or psychologic health or ability to function. The patient’s problems are identified and listed on the basis of the information provided by the database. The list of problems is dynamic; new problems are added as they develop, and problems are removed as they are resolved.


The POMR progress notes contain the findings (subjective and objective data), assessment, plans, and orders of the physicians, nurses, and other practitioners involved in the care of the patient. The format used is often referred to as SOAP (S = subjective information, O = objective information, A = assessment, P = plan of care). Figure 3-12 shows a representative SOAP form for respiratory care progress notes. Box 3-5 provides an example of a SOAP entry. Table 3-3 lists common objective data gathered by RTs and examples of applicable assessments and plans. In many institutions, all caregivers chart on the same form, using the SOAP format.





Box 3-5   Example of SOAP Entry


6/29/07





Problem 1


Difficult breathing








Subjective


“I can’t catch my breath.”








Objective


Awake; alert; oriented to time, place, and person; sitting upright in bed with arms leaning over the bedside stand; pale, dry skin; respirations 26 breaths/min and shallow; pulse 98 beats/min, regular and faint to palpation; blood pressure 112/68 mm Hg, left arm, sitting position; body temperature 101° F; bronchial breath sounds in lower posterior lung fields; occasionally expectorating small volumes of mucopurulent sputum. Chest x-ray shows left lower lung infiltrate.








Assessment


Retained mucus and possible infection








Plan


Therapeutic: Assist with coughing and deep breathing at least every 2 hours; postural drainage and percussion every 4 hours; assist with ambulation as per physician orders and patient tolerance.


Diagnostic: Continue to monitor lung sounds before and after each treatment.


Education: Teach patient to cough and deep breathe and evaluate return demonstration.










TABLE 3-3


Examples of Objective Data, Assessments, and Plans Typical for Documentation Using SOAP Notes








	Objective Data

	Assessment

	Plan










	Sputum Production

	 

	 






	Thick, purulent

	Respiratory infection

	Humidity therapy, antibiotics






	Auscultation

	 

	 






	Expiratory wheezing

	Bronchospasm

	Bronchodilator






	Stridor

	Upper airway obstruction

	Racemic epinephrine, possible intubation






	Late-inspiratory crackles

	Atelectasis

	Lung expansion therapy






	Breathing Pattern

	 

	 






	Prolonged expiratory time

	Bronchospasm

	Bronchodilators






	Prolonged inspiratory time

	Upper airway obstruction

	Racemic epinephrine; consider need for intubation






	Rapid and shallow

	Restrictive lung disease

	Notify physician, perform additional assessment, consider lung expansion therapy






	Vital Signs

	 

	 






	Acute tachycardia/tachypnea

	Acute respiratory failure

	Get ABGs, chest radiograph; call physician






	Abnormal sensorium

	Acute hypoxia

	Assess patient further; oxygen therapy






	ABGs

	 

	 






	PaO2 40-60 mm Hg

	Moderate hypoxemia

	Give oxygen via cannula or mask






	PaO2 < 40 mm Hg

	Severe hypoxemia

	Give high concentration oxygen as needed and consider positive pressure ventilation with PEEP or CPAP






	Chest Radiograph

	 

	 






	Low lung volumes or infiltrates

	Atelectasis

	Lung expansion therapy






	Air in pleural space

	Pneumothorax

	Insert chest tube









ABGs, Arterial blood gas analysis; CPAP, continuous positive airway pressure; PEEP, positive end-expiratory pressure.
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FIGURE 3-12 Example of a SOAP form for respiratory care progress notes. (From Des Jardins T, Burton GG: Clinical manifestations and assessment of respiratory disease, ed 6, St. Louis, 2011, Mosby.)











[image: image] Rule of Thumb


Charting Progress Notes Using the SOAP Format


SOAP stands for Subjective, Objective, Assessment, Plan.




• Subjective information obtained from the patient, his or her family members, or a similar source


• Objective information based on caregivers’ observations of the patient, the physical examination, or diagnostic or laboratory tests such as arterial blood gases or pulmonary function tests


• Assessment, which refers to the analysis of the patient’s problem


• Plan of action to be taken to resolve the problem













Summary Checklist







• Good posture is needed when lifting patients or heavy equipment to avoid injury.


• Begin patient ambulation as soon as a patient is physiologically stable and free of severe pain.


• Electrical current (flow) is the dangerous element of electricity. Current is directly related to voltage and inversely related to resistance.


• A microshock is a small, imperceptible current (<1 mA) that enters the body through external wires or catheters; microshocks can cause ventricular fibrillation.


• To avoid electrical hazards, always ground equipment and use only equipment that has been checked for proper wiring.


• Fires in health care facilities most often start in the kitchen, but when they occur in patient care areas, loss of life and serious injuries are likely.


• Fire hazards can be minimized by removing flammable materials and ignition sources from areas where oxygen is in use.


• RTs should be part of the hospital fire evacuation team because they know where oxygen shut-off valves are located, they know how to move patients receiving mechanical ventilation and oxygen therapy, and they are trained at treating smoke inhalation.


• Maintain a safe and clutter-free direct patient care environment.


• Store and transport medical grade gases in a safe and effective manner.


• Communication skills play a key role in the ability to identify a patient’s problems, to evaluate the patient’s progress, to make recommendations for respiratory care, and to achieve desired patient outcomes.


• Individuals’ prior experiences, attitudes, values, cultural backgrounds, self-concepts, and feelings play a large role in the communication process.


• To enhance communication ability, focus on improving sending, receiving, and feedback skills; in addition, be able to identify and overcome common barriers to effective communication.


• One of five strategies can be used for handling conflict: competing, accommodating, avoiding, collaborating, and compromising. Choosing the best strategy requires knowledge of the context, the specific underlying problem, and the desires of the involved parties.


• The electronic medical record is transforming the way we document care but not the concept and content of what is documented.


• A medical record is a confidential document that summarizes the care received by a patient; legally, a failure to document care means that care was not given.


• Following accepted standards, each medication, treatment, or procedure provided to the patient, including his or her condition and response to therapy, must be documented in accurate and clear terms.


• When entering notes in a POMR, use a SOAP format.
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Chapter Objectives


After reading this chapter you will be able to:


[image: image] Define health care–associated infections and state how often they occur.


[image: image] Describe why infection prevention is important in respiratory care.


[image: image] Identify and describe the three elements that must be present for transmission of infection within a health care setting.


[image: image] List the factors associated with an increased risk of a patient acquiring a nosocomial infection.


[image: image] State the three major routes for transmission of human sources of pathogens in the health care environment.


[image: image] Describe strategies to control the spread of infection in the hospital.


[image: image] Describe how to select and apply chemical disinfectants for processing respiratory care equipment.


[image: image] Describe equipment-handling procedures that help prevent the spread of pathogens.


[image: image] State when to use general barrier measures during patient care.


[image: image] Describe surveillance with regard to infection control.
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Health care–associated infections (HAIs) are infections that patients acquire during the course of medical treatment. In 2002, there were an estimated 1.7 million HAIs in U.S. hospitals accounting for 99,000 excess deaths.1 Approximately 5% of all patients admitted to a hospital develop an HAI, and 15% of HAIs are pneumonias.2,3 Approximately 25% of patients undergoing mechanical ventilation develop pneumonia as a complication, and approximately 30% of these patients die as a result of lung infection.4


The seminal Institute of Medicine report identified that medical errors may be the fifth leading cause of death in the United States, with up to 100,000 deaths annually.3 At the present time, there is increasing legislative and regulatory interest in patient safety, including a focus on HAIs. Health care professionals are giving increased attention to handwashing and protecting patients against infection. The emergence of severe acute respiratory syndrome (SARS) in China in 2002 and global spread with outbreaks in health care settings and transmission to large numbers of health care personnel and patients underscore the importance of consistent adherence to infection control precautions. Similarly, infection control practices were tested in 2009 by pandemic H1N1 influenza A, reinforcing the reality that new challenges continually arise.


Protecting patients and health care professionals against infections requires strict adherence to infection control procedures. Infection control procedures aim to eliminate the sources of infectious agents, create barriers to their transmission, and monitor and evaluate the effectiveness of control. Infection prevention is a major and ongoing responsibility of all health care workers, including respiratory therapists (RTs). To fulfill this responsibility, RTs must be able to select and apply various infection control procedures. This chapter provides the foundation needed to assume this important responsibility.








Spread of Infection


Three elements must be present for transmission of infection within a health care setting: (1) a source (or reservoir) of pathogens, (2) a susceptible host, and (3) a route of transmission for the pathogen (Figure 4-1).2
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FIGURE 4-1 Elements that must be present for infection to spread.














Sources of Infectious Agents


Humans (patients, personnel, or visitors) are the primary source for infectious agents in the health care setting, but inanimate objects (e.g., contaminated medical equipment, linen, medications) have also been implicated in transmission. A person may have an acute infection with symptoms, may be in the asymptomatic or incubation period of the disease, or may be colonized by pathogens without symptoms. People may also serve as their own source of infection, via endogenous flora. This latter process is called autogenous infection.














Susceptible Hosts


Susceptibility and resistance to infection vary greatly. Some individuals may be immune to infection or able to resist colonization. Others exposed to the same organism may carry it but show no symptoms. Other individuals may develop clinical disease. Host factors, such as poorly controlled diabetes mellitus, extremes of age, and underlying acquired (HIV infection) or iatrogenic (through chemotherapy or anti–tumor necrosis factor inhibitors) immunodeficiency, can enhance susceptibility to infection. Surgical incisions and radiation therapy impair defenses of the skin and organ space. Medical devices, such as urinary tract catheters, central venous catheters, and endotracheal tubes, allow pathogens to increase the risk of infection by impeding local host defenses and providing biofilms that may facilitate adherence of pathogens.


Hospital-acquired or nosocomial infections are infections that are acquired in the hospital. The high incidence of nosocomial gram-negative bacterial pneumonia is associated with factors that promote colonization of the pharynx with these organisms. Gram-negative colonization dramatically increases in critically ill patients, which increases the likelihood of the development of these pneumonias.4 Most nosocomial pneumonias occur in surgical patients, especially patients who have had chest or abdominal procedures. In these patients, normal swallowing and clearance mechanisms are impaired, allowing bacteria to enter and remain in the lower respiratory tract. Intubations, anesthesia, surgical pain, and use of narcotics and sedatives impair host defenses further. The risk of pneumonia is not the same for all surgical patients. Patients at the highest risk include elderly patients, severely obese patients, patients with chronic obstructive pulmonary disease (COPD) or a history of smoking, and patients with an artificial airway in place for long periods.5


Patients with an artificial tracheal airway are at high risk for nosocomial pneumonia for several reasons. Typically, patients requiring prolonged intubation already have one or more factors predisposing to infection, such as severe COPD. Another risk factor may be increased upper airway colonization with gram-negative bacteria. Because the tube bypasses the normal protective mechanisms of the upper airway, bacteria have easy access to the lower respiratory tract. Finally, handling of these tubes increases the likelihood of cross contamination, particularly during suctioning.


Some pneumonias occur primarily in immunocompromised hosts. Physicians may purposefully suppress a patient’s immune response with drugs, as in organ transplant cases. Alternatively, immunosuppression may be a result of underlying disease, as with AIDS. Immunocompromised hosts, regardless of cause, are highly susceptible to infections, especially infections caused by opportunistic bacteria, fungi, or viruses.














Modes of Transmission


The three major routes for transmission of human sources of pathogens in the health care environment are contact (direct and indirect), respiratory droplets, and airborne droplet nuclei (respirable particles <5 µm). Table 4-1 provides examples of the common transmission routes for selected microorganisms.6




TABLE 4-1


Routes of Infectious Disease Transmission










	Mode

	Type

	Examples










	Contact

	Direct

	Hepatitis A






	 

	HIV






	 

	Staphylococcus






	 

	Enteric bacteria






	Indirect

	Pseudomonas aeruginosa






	 

	 

	Enteric bacteria






	 

	 

	Hepatitis B and C






	 

	 

	HIV






	Droplet

	Rhinovirus

	
Haemophilus influenzae (type B) pneumonia and epiglottitis






	SARS-associated coronavirus






	
Neisseria meningitidis pneumonia






	Monkeypox

	Diphtheria






	 

	 

	Pertussis






	 

	 

	Streptococcal pneumonia






	 

	 

	Influenza






	 

	 

	Mumps






	 

	 

	Rubella






	 

	 

	Adenovirus






	Vehicle

	Water-borne

	Shigellosis






	 

	Cholera






	Foodborne

	Salmonellosis






	 

	 

	Hepatitis A






	Airborne

	Aerosols

	Legionellosis






	Droplet nuclei

	Tuberculosis






	 

	 

	Varicella






	 

	 

	Measles






	 

	 

	Smallpox






	Vector-borne

	Ticks and mites

	Rickettsia






	 

	Lyme disease






	Mosquitoes

	Malaria






	Fleas

	Bubonic plague














[image: image]














Contact Transmission


Contact transmission is the most common route of transmission and is divided into two subgroups: direct and indirect. Direct contact transmission occurs when a pathogen is transferred directly from one person to another. Direct contact transmission occurs less frequently than indirect contact in the health care environment but is more efficient. An example of direct contact transmission would be development of respiratory syncytial virus bronchiolitis in a bone marrow transplant recipient owing to transmission of the virus from an ill health care worker who did not perform appropriate handwashing before providing care.


Indirect contact transmission is the most frequent mode of transmission in the health care environment and involves the transfer of a pathogen through a contaminated intermediate object or person. The most common indirect contact transmission in health care involves unwashed hands of health care personnel that touch an infected or a colonized body site on one patient or a contaminated inanimate object and subsequently touch another patient. Inanimate objects that may serve to transfer pathogens from one person to another are called fomites. Indirect contact transmission involving fomites can occur when instruments have been inadequately cleaned between patients before disinfection or sterilization.














Droplet Transmission


Droplet transmission is a form of contact transmission, but the mechanism of transfer of the pathogen is distinct, and additional prevention measures are required. Organisms that are transmitted by respiratory droplets include influenza and Neisseria meningitidis. Respiratory droplets are generated when an infected individual discharges large contaminated liquid droplets into the air by coughing, sneezing, or talking. Respiratory droplets are also generated during procedures such as suctioning, bronchoscopy, and cough induction. Transmission occurs when infectious droplets are propelled (usually ≤3 feet through the air) and are deposited on another person’s mouth or nose. Using the distance of 3 feet or less as a threshold for donning a mask has been effective in preventing transmission of infectious agents. However, experimental studies with smallpox and investigations of outbreaks of SARS suggest that droplets from infected patients rarely are able to reach a person 6 feet away.7 A distance of 3 feet or less around the patient is considered a short distance and is not used as a criterion for deciding when a mask should be donned to protect from exposure. Current Health Care Infection Control Practices Advisory Committee (HICPAC) guidelines state it may be prudent to don a mask when within 6 feet of a patient or on entry into the room of a patient who is on droplet isolation.6














Airborne Transmission


Airborne transmission occurs via the spread of airborne droplet nuclei. These are small particles (≤5 µm) of evaporated droplets containing infectious microorganisms that can remain suspended in air for long periods. Microorganisms carried in this manner may be dispersed widely by air currents because of their small size and inhaled by susceptible hosts over a longer distance from the source patient compared with droplet transmission. Examples of pathogens transmitted via the airborne route include Mycobacterium tuberculosis, varicella-zoster virus (chickenpox), and rubeola virus (measles). Airborne transmission of variola (smallpox) has been documented, and airborne transmission of SARS, monkeypox, and viral hemorrhagic fever virus has been reported, although it has not been proved conclusively.6


Special air handling and ventilation and respiratory protection are required to prevent airborne transmission because microorganisms may remain suspended in air and be widely dispersed by air currents before contacting a susceptible host. In addition to airborne infection isolation rooms, personal respiratory protection with National Institute for Occupational Safety and Health (NIOSH)–approved N-95 or higher respirators is required to prevent airborne transmission.6 A surgical mask, used for droplet precautions, is insufficient.








Miscellaneous Types of Aerosol Transmission


Three novel categories of aerosol transmission have been proposed following investigations of SARS transmission, as follows6:




Obligate transmission: Under natural conditions, disease occurs after transmission of the microorganism through small-particle aerosols.


Preferential transmission: Natural infection results from transmission through multiple routes, but small-particle aerosols predominate.


Opportunistic transmission: Microorganisms that cause disease through other routes but under certain environmental conditions may be transmitted via fine-particle aerosol (e.g., SARS transmission via an aerosol plume that originated from sewage in the Amoy Gardens housing complex).7























Other Sources of Infection Not Involving Person-to-Person Transmission


Common vehicle transmission occurs via exposure to pathogens in contaminated food, water, or medications (e.g., heparin solution). Vector-borne transmission of infectious diseases from insects and rats and other vermin occurs but is of less significance in U.S. health care facilities.



























Infection Prevention Strategies



Creating a Safe Culture





Infection prevention programs are charged with identifying and categorizing HAIs and providing guidance to their organizations so that they can break the chain of events leading to these HAIs. Guidance and prevention efforts are directed at overall organizational structure and systems (“this is what we do as an institution to prevent infection”) and at the individual caregiver level (“this is what I do to prevent infection”). Infection prevention efforts can be divided into efforts that decrease host susceptibility, efforts that eliminate the source of pathogens, and efforts that interrupt the transmission routes. From an organizational perspective, a crucial step is the creation by leadership of a culture of safety wherein there is a shared commitment to patient and health care worker safety.


Organizations also endorse best practices for infection prevention by ensuring that the bedside caregiver has the appropriate time, equipment, and training to provide the best possible care. Effective health care workers execute appropriate practice on a daily basis, such as attention to hand hygiene and adherence to infection prevention bundles of care. The presence of appropriate systems to deliver care and a committed workforce consistently executing best practice are necessary for an organization to prevent infections reliably.








Decreasing Host Susceptibility


Decreasing inherent host susceptibility to infection is the most difficult and least feasible approach to infection control. Hospital efforts at this level focus mainly on employee immunization and chemoprophylaxis. Certain immunizations are recommended for susceptible health care personnel to decrease the risk of infection and the potential for transmission to patients and coworkers within the health care facility. The Occupational Safety and Health Administration (OSHA) mandates that employers offer hepatitis B vaccination. Vaccinations of health care workers in the absence of evidence of immunity against varicella, rubella, and measles should be encouraged.8 In addition, health care personnel in facilities that care for young infants and children should receive the adult acellular pertussis vaccine. Health care personnel without medical contraindications should also receive an annual influenza vaccination.9


Antimicrobial agents and topical antiseptics may be used to prevent outbreaks of selected pathogens. Postexposure chemoprophylaxis is recommended under defined circumstances for Bordetella pertussis (whooping cough), N. meningitidis (meningococcal meningitis), Bacillus anthracis (anthrax), influenza virus, HIV, and group A streptococci.6


A large percentage of HAIs are due to device-related infections, including ventilator-associated pneumonia (VAP), catheter-related bloodstream infection, and catheter-associated urinary tract infection. The best way to decrease host susceptibility to a device-related infection is first to limit device use and second to ensure that devices are placed and maintained appropriately. Prevention bundles—defined as the use of multiple different evidence-based best practices to prevent device-related infection—have been shown to decrease the incidence of HAIs significantly.10,11 Boxes 4-1 and 4-2 list the components of the central line bundle for vascular catheter placement and the VAP bundle. Institutions should be committed to these processes of care, and individual health care workers should be familiar with these practices and execute them on a routine basis.12,13





Box 4-1   Central Line Bundle







• Hand hygiene before line insertion


• Use of maximal sterile barrier precautions during line placement


• Chlorhexidine-based skin antisepsis at insertion site


• Daily review of line necessity











Box 4-2   Ventilator-Associated Pneumonia Bundle







• Elevate the head of the bed


• Daily sedation vacation


• Peptic ulcer disease prophylaxis


• Deep venous thrombosis prophylaxis


• Daily oral care with chlorhexidine
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All health care workers with patient contact should undergo immunization for hepatitis B and varicella (if not immune), pertussis booster, and annual influenza vaccination.

















Eliminating the Source of Pathogens


It is impossible to eliminate all pathogens from any working environment. Nonetheless, standard infection control procedures always include efforts to eliminate pathogens, and recommended practices for cleaning and disinfecting noncritical surfaces in patient care areas should be followed. Infection control procedures designed to remove environmental pathogens fall into two major categories: general sanitation measures and specialized equipment processing.


If the environment is dirty, all other infection control efforts are futile. General sanitation measures help to keep the overall environment clean. General sanitation aims to reduce the number of pathogens to a safe level. This reduction is achieved through sanitary laundry management, food preparation, and housekeeping. Environmental control of the air (using specialized ventilation systems) and water complements these efforts.


The goal of specialized equipment processing is to decontaminate equipment capable of spreading infection. Equipment processing involves cleaning, disinfection, and sterilization (when necessary). Methods that kill bacteria are bactericidal, whereas methods and techniques that inhibit the growth of bacteria are bacteriostatic. Methods that destroy spores are sporicidal, and methods that destroy viruses are virucidal.














Interrupting Transmission


General sanitation measures and equipment processing have limits. To prevent the spread of infections between patients and to keep themselves healthy, health care personnel also must take measures to stop infection. There are two tiers of HICPAC and Centers for Disease Control and Prevention (CDC) transmission precautions: standard precautions and transmission-based precautions.6














Standard Precautions


Standard precautions are intended to be applied to the care of all patients in all health care settings all the time. This is the primary strategy for the prevention of health care–associated transmission of infections among patients and health care personnel. From a health care worker protection perspective, application of standard precautions on a routine basis is recognition that all blood, body fluids, secretions, and excretions with the exception of sweat and urine may contain transmissible infectious agents. To mitigate against this risk, a health care worker should employ personal protective equipment (PPE). PPE refers to various barriers and respirators used alone or in combination to protect mucous membranes, skin, and clothing from contact with infectious agents. Gloves, gowns, masks, eye protection, and face shields should be employed depending on the anticipated exposure.


The application of standard precautions by health care personnel during patient care depends on the nature of the interaction and the extent of anticipated blood, body fluid, or pathogen contact. For some patient care situations, only gloves are required. In other cases, gloves, gowns, and face shield may be required. Box 4-3 describes standard precautions, including hand hygiene; use of gloves, masks, and eye protection; equipment handling; and patient placement.





Box 4-3   Standard Precautions





Hand Hygiene


Perform hand hygiene before and after patient contacts, immediately after removing gloves, and when otherwise indicated to avoid cross contamination.


Perform hand hygiene after touching blood, body fluids, secretions, excretions, and contaminated items, even if wearing gloves.


Perform hand hygiene between tasks and procedures on the same patient if cross contamination of different body sites is possible (e.g., tracheostomy care following assistance with a bedpan).


Use an approved alcohol-based product for routine hand hygiene. If hands are visibly soiled, use soap and water.








Gloves


Perform hand hygiene before and after removing gloves.


Wear clean gloves when touching blood, body fluids, secretions, excretions, and contaminated items.


Don clean gloves just before touching mucous membranes and nonintact skin.


Change gloves between tasks and procedures on the same patient after contact with infectious material.


Remove gloves promptly after use, before touching noncontaminated items and environmental surfaces, and before going to another patient.








Masks, Eye Protection, Face Shields


Wear a mask and eye protection or a face shield to protect mucous membranes of the eyes, nose, and mouth during procedures and patient care activities that are likely to generate splashes or sprays of blood, body fluids, secretions, and excretions.








Gowns


Wear a clean gown to protect skin and to prevent soiling of clothing during procedures and patient care activities that are likely to generate splashes or sprays of blood, body fluids, secretions, or excretions.


Remove a soiled gown as promptly as possible and perform hand hygiene to avoid transfer of microorganisms to other patients or environments.








Patient Care Equipment


Handle used patient care equipment soiled with blood, body fluids, secretions, and excretions in a manner that prevents skin and mucous membrane exposures, contamination of clothing, and transfer of microorganisms to other patients and environments.


Do not use reusable equipment to care for another patient unless it has been cleaned and reprocessed appropriately.


Discard single-use items properly.








Occupational Health and Blood-Borne Pathogens


Exercise extreme caution when handling needles, scalpels, and other sharp instruments or devices; when cleaning used instruments; and when disposing of used needles.


Never recap used needles, handle them using both hands, or point toward any part of the body.


Do not remove used needles from disposable syringes by hand, and do not bend, break, or otherwise manipulate used needles by hand.


Place used disposable syringes and needles, scalpel blades, and other sharp items in appropriate puncture-resistant containers; place reusable syringes and needles in a puncture-resistant container for transport to the reprocessing area.


Use mouthpieces, resuscitation bags, or other ventilation devices as an alternative to mouth-to-mouth resuscitation methods in areas where the need for resuscitation is predictable.








Patient Placement


Place patients who contaminate the environment or who do not (or cannot be expected to) assist in maintaining appropriate hygiene or environmental control in a private room.


If a private room is unavailable, consult with infection control specialists regarding patient placement.




















Hand Hygiene


The importance of hand hygiene to reduce the transmission of infectious agents cannot be overemphasized and is an essential element of standard precautions.14 Hand hygiene includes handwashing with either plain or antiseptic-containing soap and water for at least 15 seconds and the use of alcohol-based products (gels, rinses, and foams) containing an emollient that does not require the use of water. In the absence of visible soiling of hands, approved alcohol-based products are preferred over antimicrobial or plain soap and water because of their superior microbicidal activity, reduced drying of skin, and convenience. The quality of performing hand hygiene can be affected by the type and length of fingernails and by wearing jewelry. Artificial fingernails and extenders are discouraged because of their association with infections.14 Figure 4-2 illustrates the proper technique for handwashing.
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FIGURE 4-2 Steps for handwashing. A, Thorough wetting of hands. B, Washing around wrist and forearm. C, Scrubbing palm of hand. D, Washing between digits on back of hand. E, Washing around the cuticle. F, Drying hands with clean towel. G, Using towel to turn off faucet.




















Gloves


Gloves protect both patients and health care workers from exposure to pathogens that may be carried on the hands of health care workers. Gloves protect caregivers from contamination when contacting blood, body fluids, secretions, excretions, mucous membranes, and nonintact skin of patients and when handling or touching visibly or potentially contaminated patient care equipment and environmental surfaces.14


Caregivers should wear sterile gloves whenever performing invasive procedures. A single pair of nonsterile disposable gloves (e.g., latex, vinyl, nitrile) may be used for routine patient care. Gloves should be changed, regardless of use, between each patient contact and after any direct contact with infectious material, even if in the middle of a procedure. After removing the gloves, caregivers must always wash their hands. Gloves may have small, invisible defects or may be torn during use. The hands can be contaminated during removal of the gloves. For these reasons, the wearing of gloves should never be used as a substitute for handwashing.














Mouth, Nose, Eye, and Face Protection


Face protection is an important component of standard precautions because the mucous membranes of the eyes, nose, and mouth are particularly vulnerable to some types of pathogens. Masks protect mucosal surfaces against splashes or sprays but should not be confused with particulate respirators that are recommended for protection from small particles (as described subsequently for airborne isolation [AI]). The wearing of masks, eye protection, and face shields in specified circumstances when exposures are likely to occur (e.g., bronchoscopy suite) is mandated by the OSHA Blood-borne Pathogen Standard.














Respiratory Protection


Respiratory protection (use of NIOSH-approved N-95 or higher level respirator) is intended for diseases (e.g., M. tuberculosis, SARS, smallpox) that could be transmitted through the airborne route.6 The term respiratory protection has a regulatory context that includes components of a program required by OSHA to protect workers: (1) medical clearance to wear a respirator, (2) provision and use of appropriate NIOSH-approved fit-tested respirators, and (3) education in respirator use. Information on types of respirators can be found at www.cdc.gov/niosh/npptl/respirators/respsars.html.














Gowns, Aprons, and Protective Apparel


Isolation gowns and other apparel (aprons, leg coverings, boots, or shoe covers) also provide barrier protection and can prevent the contamination of clothing and exposed body areas from blood and body fluid contact and transmissible pathogens (e.g., respiratory syncytial virus and Clostridium difficile). Selection of protective apparel is dictated by the nature of the interaction of the health care worker with the patient, including anticipated degree of body contact with infectious material.6 In most instances, gowns are worn only if contact with blood and body fluid is likely. Clinical coats and jackets worn over clothing are not considered protective apparel. Isolation gowns should always be donned with gloves and other protective equipment as indicated. As with gloves and masks, a gown should be worn only once and then discarded. In most situations, aseptically clean, freshly laundered, or disposable gowns are satisfactory.


The emergence of SARS and the ongoing concerns for pandemic infection have led to a strategy of preventing transmission of respiratory infections at the first point of contact within a health care setting (e.g., physician’s office) termed respiratory hygiene/cough etiquette that is intended to be incorporated into infection control practices as one component of standard precautions.6 The elements of respiratory hygiene/cough etiquette include (1) education of health care personnel, patients, and visitors; (2) posted signs in language appropriate to the population served with instructions for patients and accompanying family members or friends; (3) source control measures (covering the mouth and nose with a tissue when coughing or placing a surgical mask on a coughing person when possible); (4) hand hygiene after contact with respiratory secretions; and (5) spatial separation (≥3 feet from persons with respiratory infections in common waiting areas).














Transmission-Based Precautions


Transmission-based precautions are for patients who are known or suspected to be infected with pathogens that require additional control measures to prevent transmission. There are three categories of transmission-based precautions: contact precautions, droplet precautions, and airborne infection isolation. Whether used singularly or in combination, these precautions are always used in addition to standard precautions.6


Contact precautions are intended to reduce the risk of transmission by direct or indirect contact with the patient or the patient’s environment. Contact precautions intend for spatial separation of infected or colonized patients (≥3 feet between beds), and health care personnel and visitors wear gowns and gloves for all interactions that may involve contact with the patient or the patient’s environment. Contact precautions are most commonly employed to decrease the spread of multidrug-resistant organisms such as C. difficile. Contact precautions are described in Box 4-4.





Box 4-4   Contact Precautions (Used in Addition to Standard Precautions)







• Place the patient in a private room; if a private room is unavailable, cohorting is acceptable


• Perform hand hygiene and don gown and gloves to enter room whether or not direct patient contact is anticipated. Wear clean gloves when entering the room


• Remove gown and gloves before leaving the patient’s environment and perform hand hygiene


• After glove removal and handwashing, ensure that hands do not touch potentially contaminated environmental surfaces or items in the patient’s room


• Limit transport of the patient from the room to essential purposes only


• When possible, dedicate the use of noncritical patient care equipment to a single patient or patient cohort


• If use of common equipment or items cannot be avoided, ensure that it is adequately cleaned and disinfected before use on another patient











Mini Clini


Isolation Methods





[image: image] Problem


A serious influenza outbreak occurs in a local long-term care facility. You are called to the emergency department because four of the sickest patients are being admitted together to your hospital for treatment. Currently, no private rooms are available for these patients. Outline the key isolation methods you would apply to help prevent the spread of influenza in your institution.








Discussion


Influenza spreads via the droplet route. Both standard and droplet precautions must be applied for these patients. When transporting these patients out of the emergency department, you must be sure that they wear surgical masks. Because private rooms are unavailable, these patients need to be cohorted. If this is not feasible, the patients must be separated from other patients by at least 3 feet. Special air handling and ventilation are unnecessary, and the door may remain open. In addition to following standard precautions, all caregivers and visitors should wear surgical masks when within 3 feet of these patients (or entering the room). All remaining patients at the long-term care facility should be immunized with the flu vaccine (if not already) and be given antiviral prophylaxis.








Droplet precautions are used to prevent a form of contact transmission that occurs when droplets are propelled short distances (≤3 feet through the air). Droplets are often generated with coughing, sneezing, suctioning, bronchoscopy, and cough induction. Health care personnel and visitors should don a mask during all interactions that may involve contact with such patients. Droplet precautions are employed for patients with presumed or confirmed infection with organisms known to be transmitted by respiratory droplets such as influenza. Droplet precautions are described in Box 4-5. Precautions for use when performing cough-inducing and aerosol-producing procedures are described in Box 4-6.





Box 4-5   Droplet Precautions (Used in Addition to Standard Precautions)







• Place the patient in a private room; if a private room is unavailable, cohorting is acceptable


• Special air handling and ventilation are unnecessary, and the door may remain open








Mask







• Perform hand hygiene and put on a surgical mask before entering the room


• Remove mask before exiting the room, and perform hand hygiene


• Limit movement and transport of the patient from the room to essential purposes only


• If transport or movement is necessary, minimize droplet transmission by having the patient wear a surgical mask














Box 4-6   Guidelines for Cough-Inducing and Aerosol-Generating Procedures


Cough-inducing procedures include endotracheal intubation and suctioning, diagnostic sputum induction, aerosol treatments (e.g., pentamidine therapy), and bronchoscopy.


Cough-inducing procedures should not be performed on patients who may have infectious tuberculosis, unless the procedures are essential and can be performed with appropriate precautions.


All cough-inducing procedures performed on patients who may have infectious tuberculosis should be performed using booths or special enclosures; if this is not feasible, a room that meets the ventilation requirements for AI can be used.


After completion of cough-inducing procedures, patients who may have infectious tuberculosis should remain in their isolation rooms or enclosures until coughing subsides. They should be required to cover their mouths and noses with tissues when coughing.


Before the enclosure or room is used for another patient, enough time should be allowed to pass for at least 99% of airborne contaminants to be removed (this time varies according to the efficiency of the ventilation or filtration system).

















Airborne Infection Isolation


AI refers to isolation techniques intended to reduce the risk of selected infectious agents transmitted by “small droplets” of aerosol particles (e.g., M. tuberculosis).6 Persons who enter an AI room must wear respiratory protection (an NIOSH-approved N-95 or higher respirator). Patients should be placed in a single-patient AI room that is equipped with special air handling and ventilation capacity that meets the American Institute of Architects/Facility Guidelines Institute standards (monitored negative pressure relative to surrounding area, two air exchanges per hour, and air exhausted directly to the outside or recirculated through high-efficiency particulate air/aerosol [HEPA] filtration). In settings where AI cannot be implemented because of limited resources, one should implement physical separation, mask patients, and provide respiratory protection for health care personnel to reduce the likelihood of airborne transmission. Box 4-7 describes airborne precautions that should be used in addition to standard precautions.





Box 4-7   Airborne Precautions (Used in Addition to Standard Precautions)







• Place the patient in a private negative pressure room that has 6 to 12 air changes per hour and either safe external air discharge or HEPA filtration of recirculated air


• Keep the room door closed and the patient in the room


• If a private room is unavailable, cohorting is acceptable


• Perform hand hygiene and don respiratory protection when entering the room of a patient with known or suspected infectious pulmonary tuberculosis


• Remove respiratory protection and perform hand hygiene after leaving the room


• Susceptible persons should not enter the room of patients known or suspected to have measles (rubeola) or varicella (chickenpox) if other immune caregivers are available; individuals who are immune to measles or varicella need not wear respiratory protection


• Limit transport of the patient from the room to essential purposes only


• If transport or movement is necessary, minimize patient dispersal of droplet nuclei by having the patient wear a surgical mask




















Protective Environment


A specialized engineering approach to protect highly immunocompromised patients is a protective environment. A protective environment is used for patients with allogeneic hematologic stem cell transplants to minimize fungal spore counts in the air.15 The rationale for such controls has been studies showing outbreaks of aspergillosis associated with construction. Air quality for patients with hematologic stem cell transplants is improved through a combination of environmental controls that include (1) HEPA filtration of incoming air, (2) directed room airflow, (3) positive room air pressure relative to the corridor, (4) well-sealed rooms to prevent infiltration of outside air, (5) ventilation to provide 12 or more air changes per hour, (6) strategies to reduce dust, and (7) prohibition of dried and fresh flowers and potted plants in rooms.














Patient Placement


It is increasingly thought that single-occupancy rooms increase patient safety; reduce infection, injuries, falls, and medical errors; and reduce sources of environmental stress (e.g., noise). However, most facilities are not single occupancy only, and patient placement in private rooms is prioritized for patients who have conditions that may result in the transmission of infections to other patients or who are at increased risk for acquisition of HAIs.


Single-patient rooms are always indicated for patients on AI and in a protective environment. Single-patient rooms are preferred for patients who require contact precautions (e.g., C. difficile) or droplet precautions (e.g., influenza).


Cohorting is a practice of grouping patients with the same infection (or colonized with the same organism) together to confine care geographically and prevent transmission to other patients. Cohorting based on the presenting clinical syndrome is commonly used in pediatric hospitals during respiratory syncytial virus/influenza season. Cohorting health care workers to care only for patients infected or colonized with a particular transmissible pathogen may also limit transmission to uninfected patients.














Transport of Infected Patients


By limiting the transport of patients with contagious disease, the risk of cross infection can be reduced. However, infected patients sometimes do need to be transported, and when that occurs, the patient needs to wear appropriate barrier protection (mask, gown, impervious dressings) consistent with the route and risk for transmission.6 Health care personnel receiving the patient need to be notified of the patient’s impending arrival and what infection control measures are required.





[image: image] Rule Of Thumb


Apply standard precautions when caring for all patients.




1. Wash your hands after touching blood, body fluids, or contaminated items (even if wearing gloves).


2. Wear fresh, clean gloves for all tasks and procedures involving potential contact with blood, body fluids, or contaminated items.


3. Exercise extreme caution when handling “sharps.”


4. Handle soiled equipment in a manner that prevents skin and mucous membrane exposures, contamination of clothing, and transfer of microorganisms to other patients and environments.6











Mini Clini


Spread of Infection
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You work in the neonatal intensive care unit (NICU) of a large urban hospital. Over the last 2 days, many infants in the unit have developed serious Staphylococcus aureus infections. Identify the most likely source and route of transmission and suggest ways to prevent spread of this serious infection.








Discussion


In hospitals, S. aureus commonly colonizes the skin of both health care professionals and visitors. Neonates are also very susceptible hosts because of their poor immunity. Staphylococcus infections spread mainly via direct contact transmission (see Table 4-1). To help prevent the spread of this infection to the newborn infants, you should try to disrupt the transmission route. Meticulous attention to hand hygiene and use of gloves would help. In addition, you could isolate the infected neonates from uninfected infants (cohorting) and begin swabbing the umbilicus and nares of all infants in the NICU and all new admissions to identify who may be colonized with S. aureus.


























Disinfection and Sterilization


Medical instruments are used in tens of millions of procedures in the United States every year. When properly performed, cleaning, disinfection, and sterilization procedures can reduce the risk of infection associated with the use of invasive and noninvasive medical instruments. Although a detailed review of disinfection and sterilization is beyond the scope of this chapter, overall principles are discussed, particularly as they pertain to the use of bronchoscopes. The interested reader is referred to detailed guidance available from the CDC.16 Table 4-2 lists definitions of the steps involved in equipment reprocessing.




TABLE 4-2


Equipment Processing Definitions








	Term

	Definition










	Cleaning

	Removal of all foreign material (e.g., soil, organic material) from objects






	Disinfection (general term)

	Inactivation of most pathogenic organisms, excluding spores






	Disinfection, low-level

	Inactivation of most bacteria, some viruses, and fungi, without destruction of resistant microorganisms such as Mycobacterium tuberculosis or bacterial spores






	Disinfection, intermediate-level

	Inactivation of all vegetative bacteria, most viruses, most fungi, and M. tuberculosis, without destruction of bacterial spores






	Disinfection, high-level

	Inactivation of all microorganisms except bacterial spores (with sufficient exposure times, spores may also be destroyed)






	Sterilization

	Complete destruction of all forms of microbial life












Bronchoscopes routinely become contaminated with high levels of organisms during a procedure because of the body cavities in which they are used. The benefits of these medical devices are numerous; however, proper reprocessing is crucial because numerous outbreaks and pseudooutbreaks owing to improper procedures have been described. Individuals responsible for bronchoscope reprocessing should receive initial and annual training, and their competency should be ensured. The five key components to bronchoscope reprocessing are cleaning, disinfecting, rinsing, drying, and storage (Box 4-8).16 Automated bronchoscope reprocessors (ABRs) offer many advantages over manual disinfection because they automate several steps. Regardless of whether disinfection is done manually or with an ABR, personnel responsible for this task need to ensure reprocessing is done per device manufacturer and reprocessor guidelines with products approved by the U.S. Food and Drug Administration (FDA).





Box 4-8


Key Components of Bronchoscope Sterilization or Disinfection







Clean: Mechanically clean external surfaces, including brushing internal channels and flushing each internal channel with water and a detergent or enzymatic cleaner




1. Disinfect: Immerse bronchoscope in high-level disinfectant and perfuse disinfectant into the suction/biopsy channel and air/water channel and expose for at least 20 minutes (or FDA-cleared exposure time)


2. Rinse: The bronchoscope and all channels should be rinsed with sterile water, filtered water, or tap water


3. Dry: Rinse insertion tube and inner channels with alcohol, and dry with forced air after disinfection and before storage


4. Store: The bronchoscope should be stored in a way that prevents recontamination (e.g., hung vertically in an enclosed cabinet, the bronchoscope should not touch any surface of the cabinet)








Data from Rutala WA, Weber DJ and the Healthcare Infection Control Practices Advisory Committee (HICPAC), Centers for Disease Control and Prevention: Guidelines for sterilization and disinfection in healthcare facilities, Atlanta, GA, 2008, www.edu.gov./hicpac/.pdf/guidelines.











Spaulding Approach to Disinfection and Sterilization of Patient Care Equipment


In 1968, Spaulding published his approach to disinfection and sterilization, which was based on the degree of risk of infection involved in the use of the item in patient care.17 The three categories he described were critical, semicritical, and noncritical (Table 4-3). Critical items are categorized based on the high risk of infection if such an item is contaminated with pathogens, including bacterial spores (e.g., items that enter sterile tissue or the vascular system). Critical devices enter normally sterile tissues. Most of these items should be purchased sterile or be sterilized, by steam sterilization if possible. Semicritical items come into contact with mucous membranes or nonintact skin; this includes most respiratory equipment. These items should be free of all microorganisms before use (bacterial spores may be present). Semicritical items require at least high-level disinfection using chemical disinfectants. Noncritical items come into contact with intact skin (an effective barrier to most microbes) but not mucous membranes. Most noncritical reusable devices may be decontaminated where they are used (e.g., bedpans, patient bed rails).




TABLE 4-3


Processing of Medical Equipment According to Infection Risk Categories










	Category

	Description

	Examples

	Processing










	Critical

	Devices introduced into the bloodstream or other parts of the body

	Surgical devices

	Sterilization






	Intravascular catheters

	 






	Implants

	 






	Heart-lung bypass components

	 






	Dialysis components

	 






	Bronchoscope forceps/brushes

	 






	Semicritical

	Devices that directly or indirectly contact mucous membranes

	Bronchoscopes
Oral, nasal, and tracheal airways

	High-level disinfection






	 

	 

	Ventilator circuits/humidifiers

	 






	 

	 

	PFT mouthpieces and tubing

	 






	 

	 

	Nebulizers and their reservoirs

	 






	 

	 

	Resuscitation bags

	 






	 

	 

	Laryngoscope blades/stylets

	 






	 

	 

	Pressure, gas, or temperature probes

	 






	Noncritical

	Devices that touch only intact skin or do not contact patient

	Face masks

	Detergent washing






	Blood pressure cuffs

	Low- to intermediate-level disinfection






	Ventilators














[image: image]





PFT, Pulmonary function testing.


Modified from Chatburn RL, Kallstrom TJ, Bajasouzian S: A comparison of acetic acid with a quartinary ammonium compound for disinfection of hand-held nebulizers. Resp Care 34:98-109, 1989.

















Cleaning


Medical equipment must be cleaned and maintained according to the manufacturer’s instructions. Noncritical items, such as commodes, intravenous pumps, and ventilator surfaces, must be thoroughly cleaned and disinfected before use with another patient. Cleaning is the first step in all equipment processing. Cleaning involves removing dirt and organic material from equipment, usually by washing (see Table 4-3).16 Failure to clean equipment properly can render all subsequent processing efforts ineffective. Cleaning should occur in a designated facility with separate dirty and clean areas. Before being cleaned, the equipment should be disassembled and examined for worn parts. Complete disassembly helps ensure good exposure to the cleaning agent. After disassembly, the parts should be placed in a clean basin filled with hot water and soap, detergent, or enzymatic cleaners.


Because water alone cannot dissolve organic matter, soaps or detergents should be used to clean equipment. Soaps act by reducing surface tension and forming an emulsion with organic matter. Soaps have little bactericidal activity and work poorly in hard water. A detergent refers to a substance (usually a chemical agent but sometimes a physical one) applied to inanimate objects that destroys disease-causing pathogens but not spores. Detergents work in hard water but can be inactivated by proteins. Most detergents are weakly bactericidal but against gram-positive bacteria only. Some commercial products combine a germicide with a detergent, providing the dual action of cleaning and disinfection. Although careful cleaning removes most pathogens from the equipment, it cannot eliminate the risk of infection. For this reason, most equipment must undergo either disinfection or sterilization.














Disinfection


Disinfection describes a process that destroys the vegetative form of all pathogenic organisms on an inanimate object except bacterial spores. By definition, disinfection differs from sterilization by its lack of sporicidal activity.16 However, a few disinfectants kill spores with prolonged exposure times (hours) and are called chemical sterilants. Disinfection can involve either physical or chemical methods. The most common physical method of disinfection is pasteurization. Many chemical methods are used to disinfect respiratory care equipment.








Chemical Disinfection


Chemical disinfection involves the application of chemical solutions to contaminated surfaces or equipment. For disinfection, the equipment is immersed in the solution. After a set “contact” time, the equipment is removed, rinsed in sterile water (to remove toxic residues), and dried. Equipment must be handled aseptically, with sterile gloves and towels, to prevent recontamination during subsequent reassembly and packaging. The FDA provides a list of cleared chemical disinfectants that can be used for high-level disinfection of medical devices. Cleared agents include agents that are 2.4% or greater glutaraldehyde, 0.55% ortho-phthaladehyde (OPA), 0.95% glutaraldehyde with 1.64% phenolphenate, 7.35% hydrogen peroxide with 0.23% peracetic acid, 1.0% hydrogen peroxide with 0.08% peracetic acid, and 7.5% hydrogen peroxide.16 The choice of agent is dictated by device and in many cases recommendations of the ABR manufacturer.


The U.S. Environmental Protection Agency groups disinfectants based on whether the product label claims “limited,” “general,” or “hospital” disinfection.16 Numerous disinfectants are used alone or in combination in the health care setting, including alcohol, chlorine and chlorine products, glutaraldehyde, iodophors, phenolics, quaternary ammonium compounds, peracetic acid, and hydrogen peroxide. In most cases, a given product is designed for a specific purpose and should be used in a certain manner; the label should be read carefully. Table 4-4, excerpted from the CDC guideline for sterilization and disinfection, summarizes common chemical disinfectants and their activity against various pathogens.16 Health care facilities should select disinfectant agents that best meet their overall needs. Recommendations for the amount, dilution, and contact time of disinfectants should be followed. A comprehensive overview of disinfectants in the hospital can be found in the updated CDC guidelines for disinfection and sterilization in health care facilities.16




TABLE 4-4


Comparison of the Characteristics of Selected Chemicals Used as High-Level Disinfectants or Chemical Sterilants










	 

	HP (7.5%)

	PA (0.2%)

	Glut (≥2.0%)

	OPA (0.55%)

	HP/PA (7.35%/0.23%)










	HLD claim

	30 min at 20° C

	NA

	20-90 min at 20°-25° C

	12 min at 20° C, 5 min at 25° C in AER

	15 min at 20° C






	Sterilization claim

	6 hr at 20° C

	12 min at 50°-56° C

	10 hr at 20°-25° C

	None

	3 hr at 20° C






	Activation

	No

	No

	Yes (alkaline glut)

	No

	No






	Reuse lifea


	21 days

	Single use

	14-30 days

	14 days

	14 days






	Shelf life stabilityb


	2 yr

	6 mo

	2 yr

	2 yr

	2 yr






	Disposable restrictions

	None

	None

	Localc


	Localc


	None






	Materials compatibility

	Good

	Good

	Excellent

	Excellent

	No data






	Monitor MECd


	Yes (6%)

	No

	Yes (≥1.5%)

	Yes (0.3% OPA)

	No






	Safety

	Serious eye damage (safety glasses)

	Serious eye and skin damage (conc soln)e


	Respiratory

	Eye irritant, stains skin

	Eye damage






	Processing

	Manual or automated

	Automated

	Manual or automated

	Manual or automated

	Manual






	Organic material resistance

	Yes

	Yes

	Yes

	Yes

	Yes






	OSHA exposure limit

	1 ppm TWA

	None

	Nonef


	None

	HP-1 ppm TWA






	Cost profile (per cycle)g


	+ (manual), ++ (automated)

	++++ (automated)

	+ (manual), ++ (automated)

	++ (manual)

	++ (manual)














[image: image]





HLD, High level-disinfectant; HP, hydrogen peroxide; NA, not applicable; OPA, ortho-phthalaldehyde (FDA cleared as a high-level disinfectant, included for comparison with other chemical agents used for high-level disinfection); PA, peracetic acid; glut, glutaraldehyde; PA/HP, peracetic acid and hydrogen peroxide; TWA, time-weighted average for a conventional 8-hour workday.


aNumber of days a product can be reused as determined by reuse protocol.


bTime a product can remain in storage (unused).


cNo U.S. Environmental Protection Agency regulations, but some states and local authorities have additional restrictions.


dMinimum effective concentration (MEC) is the lowest concentration of active ingredients at which the product is still effective.


eConc soln, concentrated solution.


fThe ceiling limit recommended by the American Conference of Governmental Industrial Hygienists is 0.05 ppm.


gPer cycle cost profile considers cost of the processing solution (suggested list price to health care facilities in August 2001) and assumes maximum use life (e.g., 21 days for hydrogen peroxide, 14 days for glutaraldehyde), five reprocessing cycles per day, 1-gallon basin for manual processing, and 4-gallon tank for automated processing. + = least expensive; ++++ = most expensive.


Data from Rutala WA, Weber DJ and the Healthcare Infection Control Practices Advisory Committee (HICPAC), Centers for Disease Control and Prevention: Guidelines for sterilization and disinfection in healthcare facilities, Atlanta, GA, 2008, www.edu.gov./hicpac/.pdf/guidelines.








Mini Clini


Selection of a Disinfectant





[image: image] Problem


You work in the pulmonary function laboratory of a community hospital. Immediately after performing spirometry on a patient, you learn that he has been admitted and tests positive for pulmonary tuberculosis. You also remember him coughing into the spirometry tubing. You have four more patients scheduled for spirometry testing, beginning in 45 minutes. How should you process the spirometry tubing to prevent transmission of the tuberculosis?








Discussion


Ideally, you would have a backup set of tubing to deal with this type of problem. If not, you need to disinfect or sterilize the tubing quickly. Because permanent spirometry tubing is made from heat-labile plastics, you cannot use steam (damage). EtO gas is an option, but aeration would take too long. Instead, you should select a broad-spectrum, quick-acting disinfectant solution that works well in the presence of organic matter and does not damage rubber or plastic. Glutaraldehyde is a good choice, with a minimum exposure time of 20 minutes. A stabilized hydrogen peroxide–based compound or a 1 : 50 sodium hypochlorite solution might also be considered.


























Sterilization


Sterilization destroys all microorganisms on the surface of an article or in a fluid, which prevents transmission of pathogens associated with the use of that item. Both physical and chemical means can achieve sterilization. Physical methods include various forms of heat (steam) and ionizing radiation. Chemical methods of sterilization include low-temperature sterilization technologies such as ethylene oxide (EtO) gas. Table 4-5, excerpted from the CDC guideline for sterilization and disinfection, compares and contrasts the major methods of sterilization.16




TABLE 4-5


Advantages and Disadvantages of Accepted Methods for Equipment Sterilization








	Sterilization Method

	Advantages

	Disadvantages










	Steam

	Nontoxic to patient, staff, environment
Cycle easy to control and monitor
Rapidly microbial
Least affected by organic/inorganic soils among sterilization processes listed
Rapid cycle time
Penetrates medical packing, device lumens

	Deleterious for heat-sensitive instruments
Microsurgical instruments damaged by repeated exposure
May leave instruments wet, causing them to rust
Potential for burns






	Hydrogen peroxide gas plasma

	Safe for the environment
Leaves no toxic residuals
Cycle time is 28-75 min (varies with model type) and no aeration necessary
Used for heat- and moisture-sensitive items because process temperature <50° C
Simple to operate, install (208 V outlet), and monitor
Compatible with most medical devices
Requires electrical outlet only

	Cellulose (paper), linens, and liquids cannot be processed
Sterilization chamber size from 1.8-9.4 ft3 total volume (varies with model type)
Some endoscopes or medical devices with long or narrow lumens cannot be processed at this time in the United States (see manufacturer’s recommendations for internal diameter and length restrictions)
Requires synthetic packaging (polypropylene wraps, polyolefin pouches) and special container tray
Hydrogen peroxide may be toxic at levels >1 ppm TWA






	100% EtO

	Penetrates packaging materials, device lumens
Single-dose cartridge and negative pressure chamber minimizes potential for gas leak and EtO exposure
Simple to operate and monitor
Compatible with most medical materials

	Requires aeration time to remove EtO residue
Sterilization chamber size 4.0-7.9 ft3 total volume (varies with model type)
EtO is toxic, a carcinogen, and flammable
EtO emission regulation by states but catalytic cell removes 99.9% of EtO and converts it to CO2 and H2O
EtO cartridges should be stored in flammable liquid storage cabinet
Lengthy cycle/aeration time






	EtO mixtures: 8.6% EtO/91.4% HCFC; 10% EtO/90% HCFC; 8.5% EtO/91.5% CO2


	Penetrates medical packaging and many plastics
Compatible with most medical materials
Cycle easy to control and monitor

	Some states (e.g., California, New York, Michigan) require EtO emission reduction of 90%-99.9%
CFC (inert gas that eliminates explosive hazard) banned in 1995
Potential hazards to staff and patients
Lengthy cycle/alteration time
EtO is toxic, a carcinogen, and flammable






	Peracetic acid

	Rapid cycle time (30-45 min)
Low temperature (50°-55° C) liquid immersion sterilization
Environmentally friendly by-products
Sterilant flows through endoscope, which facilitates salt, protein, and microbe removal

	Point-of-use system, no sterile storage
Biologic indicator may be unsuitable for routine monitoring
Used for immersible instruments only
Some material incompatibility (e.g., aluminum anodized coating becomes dull)
One scope or a small number of instruments processed in a cycle
Potential for serious eye and skin damage (concentrated solution) with contact









CFC, Chlorofluorocarbon; HCFC, hydrochlorofluorocarbon.


Data from Rutala WA, Weber DJ and the Healthcare Infection Control Practices Advisory Committee (HICPAC), Centers for Disease Control and Prevention: Guidelines for sterilization and disinfection in healthcare facilities, Atlanta, GA, 2008, www.edu.gov./hicpac/.pdf/guidelines.





Medical devices that have contact with sterile body tissues or fluids are crucial items and should be sterile before use. If the object is heat resistant, steam sterilization is usually recommended. However, increases in the use of medical devices that are heat and moisture sensitive have necessitated the development of low-temperature sterilization technology. These include, but are not limited to, EtO, hydrogen peroxide gas plasma, and peracetic acid. A review of the commonly used sterilization technologies with a summary of advantages and disadvantages can be found in the updated CDC guidelines for disinfection and sterilization in health care facilities.16 Following is an overview of a few of these technologies.








Steam Sterilization


Moist heat in the form of steam under pressure is the most common, most efficient, and easiest sterilization method. Generally, the higher the temperature, the shorter is the time needed for sterilization. Autoclaving (steam sterilization) is the application of steam under pressure. Autoclaving is efficient, quick, cheap, clean, and reliable. The higher the temperature and pressure, the shorter is the time needed for sterilization. The combination most commonly used for autoclaving is 15 psi at 121° C. Equipment must be cleaned before autoclaving. Clean equipment is wrapped in muslin, linen, or paper, all of which is easily penetrated by steam. Items must be properly packed in the autoclave to ensure exposure. In addition, chamber air must be evacuated before steam is introduced. After sterilization, the packaging prevents recontamination during handling and storage.














Flash Sterilization


Flash “steam sterilization” is a modification of conventional steam sterilization in which the item is placed in an open tray or a specially designed container to allow for rapid penetration of steam.16 It is considered an acceptable practice for processing cleaned patient care items that cannot be packaged, sterilized, and stored before use. Its use only for reasons of convenience (e.g., to save time) should be discouraged.














Low-Temperature Sterilization Technologies


Low-temperature (<60° C) sterilants are needed for sterilizing temperature-sensitive and moisture-sensitive medical devices and equipment. Low-temperature sterilant technology includes EtO, hydrochlorofluorocarbon, hydrogen peroxide gas plasma, and peracetic acid.16 We review the most commonly used process—EtO.


EtO is a colorless, toxic gas and potent sterilizing agent. Because it is active at ambient temperatures and is harmless to rubber and plastics, EtO is a good sterilant for items that cannot be autoclaved. Similar to steam, EtO penetrates most packaging materials, permitting prewrapping. Were it not for its many hazards, EtO would be the ideal sterilant.18 Acute exposure to EtO gas can cause airway inflammation, nausea, diarrhea, headache, dizziness, and convulsions. Chronic exposure to the gas is associated with respiratory infections, anemia, and altered behavior. Residual EtO left on processed equipment can cause tissue inflammation and hemolysis. When combined with water, EtO forms ethylene glycol, which also can irritate tissues. Other potential problems include carcinogenic, mutagenic, and teratogenic effects. EtO concentrations greater than 3% are explosive.


EtO requires special attention to general safety precautions, equipment preparation, and sterilization cycle parameters. In addition, because of its toxicity, residual EtO must be removed from equipment after sterilization via a process called aeration. EtO is used to sterilize critical (and sometimes semicritical) items that cannot be steam sterilized.


























Equipment Handling Procedures


Equipment handling procedures that help prevent the spread of pathogens include maintenance of in-use equipment, processing of reusable equipment, application of one-patient-use disposables, and fluid and medication precautions.








Maintenance of In-Use Equipment


In-use respiratory care equipment that can spread pathogens includes nebulizers, ventilator circuits, bag-valve-mask devices (manual resuscitators), and suction equipment. Oxygen therapy and pulmonary function equipment are also implicated as potential sources of nosocomial infections.








Nebulizers


Small volume medication nebulizers (SVNs) can also produce bacterial aerosols. SVNs have been associated with nosocomial pneumonia, including Legionnaires’ disease, resulting from either contaminated medications or contaminated tap water used to rinse the reservoir. Procedures designed to prevent nebulizers from spreading pathogens are presented in Box 4-9.





Box 4-9   Procedures to Minimize Infection Risk With Nebulizers





Large Volume Nebulizers and Mist Tents







• Always fill nebulizers with sterile distilled water


• Fill fluid reservoirs immediately before use; do not add fluid to replenish partially filled reservoirs. If fluid is to be added, discard the remaining old fluid first


• Drain tubing condensate away from the patient, and discard as contaminated waste; do not allow condensate to drain back into reservoir


• Sterilize or high-level disinfect large volume nebulizers between patients and after every 24 hours of use on the same patient


• Use mist tent nebulizer and reservoirs that have undergone sterilization or high-level disinfection, and replace them between patients


• Do not use large volume room air humidifiers that create aerosols unless they can be sterilized or subjected to high-level disinfection at least daily and filled only with sterile water











Small Volume Nebulizers







• Between treatments on the same patient, disinfect, rinse with sterile water, and air dry SVNs


• Between patients, replace SVNs with sterile or high-level disinfected units


• Use only sterile fluids for nebulization, and dispense these fluids aseptically


• When possible, use single-use medication vials; if using multidose vials, handle, dispense, and store them according to manufacturer’s instructions and checking expiration dates























Ventilators and Ventilator Circuits


The internal workings of ventilators are uncommon sources for infection; this is partly a result of the widespread use of high-efficiency particulate air/aerosol (HEPA) filters, which have an efficiency rate of 99.97%, and the use of ensheathed suction catheters, which help reduce endotracheal tube contamination. An inspiratory HEPA filter (placed between the machinery and the external circuit, proximal to any humidifier) can eliminate bacteria from the driving gas and prevent retrograde contamination back into the machine. An expiratory filter using a heated thermistor to prevent condensation performs the same function and still protects the internal ventilator components. Expiratory filters also prevent pathogens from being expelled into the surroundings from the patient’s expired air.


The external ventilator circuitry poses the most significant contamination risk, particularly in systems using heated humidifiers. The humidifiers themselves are rarely the problem. Bubble or wick designs produce little or no aerosol and pose minimal infection risk. In addition, heating the humidifier reduces or eliminates growth of most bacterial pathogens. However, because tap water or distilled water may harbor heat-resistant pathogens, sterile water should still be used to fill bubble-type humidifiers.


The primary problem stems from contaminated condensate in the inspiratory limb of the ventilator circuit. Most often, the source of this contamination is the patient. Spillage of contaminated condensate into the patient circuit and the patient occurs when moving the tubing or the patient, increasing the risk of autogenous infection. In addition, microorganisms in this condensate can be transmitted to other patients via the hands of the health care worker handling the fluid, if he or she is negligent. This is another reason why it is crucial for RTs to practice hand hygiene before and after contact with every ventilated patient. Contact with the patient’s ventilator is considered contact with the patient’s body.


One way to address this problem is by reducing or eliminating circuit condensation. This reduction or elimination is easily achieved using heated wire circuits or a heat-and-moisture exchanger (HME). Evidence suggests that to prevent bacterial colonization, even if the HME remains free of secretions, the maximal duration that it may be used is 96 hours (4 days).19


Based on current knowledge, both the CDC and the American Association for Respiratory Care (AARC) developed guidelines addressing ventilator-associated infection control. Box 4-10 provides general procedures for minimizing nosocomial infection associated with ventilator use. Mechanical ventilation exposes the patient to the risk of VAP, and the frequency of circuit changes and the relationship to VAP have been investigated.20,21 Current guidelines suggest that ventilator circuits should not be changed routinely for infection control purposes; however, they should be changed when visibly soiled or malfunctioning.





Box 4-10   Procedures to Minimize Infection Risk With Mechanical Ventilators







• Do not routinely sterilize or disinfect the internal workings of ventilators


• Do not routinely change ventilator circuit more often than every 48 to 72 hours with HMEs


• Sterilize or high-level disinfect reusable breathing circuits and humidifiers


• Periodically drain tubing condensate away from patient and discard


• Wash hands after draining tubing condensate or handling the fluid


• Do not place bacterial filters distal to humidifier reservoirs


• Use sterile water to fill bubble humidifiers


• Use sterile, distilled water to fill wick humidifiers


• Change HMEs according to manufacturer’s recommendation and when you observe evidence of gross contamination or mechanical dysfunction


• Do not routinely change HME breathing circuits while in use











4-1   Care of the Ventilator Circuit and Its Relationship to Ventilator-Associated Pneumonia


AARC Clinical Practice Guideline (Excerpts)*





Introduction


A concern related to the care of a mechanically ventilated patient is the development of VAP. For many years, this concern focused on the ventilator circuit and humidifier. The circuit and humidifier have been changed on a regular basis in an attempt to decrease the VAP rate. However, as the evidence evolved, it became apparent that the origin of VAP is more likely from sites other than the ventilator circuit, and the prevailing practice has become one of changing circuits less frequently. If this practice is safe, it would offer substantial cost savings. Other issues related to the components of the circuit and VAP have also become more important recently. Humidification systems can be either active or passive. Increasingly, in-line suction is used, and this becomes part of the ventilator circuit.








Questions


A systematic review of the literature was conducted with the intention of making recommendations for change frequency of the ventilator circuit and additional components of the circuit. Specifically, the Writing Committee wrote these evidence-based clinical practice guidelines to address the following questions:




1. Do ventilator circuits need to be changed at regular intervals?


2. What is the economic impact of decreasing the frequency of ventilator circuit changes?


3. What are the issues related to circuit type?


4. Does the choice of active versus passive humidification affect ventilator circuit change frequency?


5. Do passive humidifiers need to be changed at regular intervals?


6. Do in-line suction catheters need to be changed at regular intervals?


7. Are there specific populations for which the recommendations should be altered?











Recommendations





Recommendation #1


Ventilator circuits should not be changed routinely for infection control purposes. The available evidence suggests no patient harm and considerable cost savings associated with extended ventilator circuit change intervals. The maximum duration of time that circuits can be used safely is unknown. (Evidence Grade A)








Recommendation #2


Evidence is lacking related to VAP and issues of heated versus unheated circuits, type of heated humidifier, method for filling the humidifier, and technique for clearing condensate from the ventilator circuit. It is prudent to avoid excessive accumulation of condensate in the circuit. Care should be taken to avoid accidental drainage of condensate into the patient’s airway and to avoid contamination of caregivers during ventilator disconnection or during disposal of condensate. Care should be taken to avoid breaking the ventilator circuit, which could contaminate the interior of the circuit. (Evidence Grade D)








Recommendation #3


Although the available evidence suggests a lower VAP rate with passive humidification than with active humidification, other issues related to the use of passive humidifiers (e.g., resistance, dead space volume, airway occlusion risk) preclude a recommendation for the general use of these devices. The decision to use a passive humidifier should not be based solely on infection control considerations. (Evidence Grade A)








Recommendation #4


Passive humidifiers do not need to be changed daily for reasons of infection control or technical performance. They can be safely used for at least 48 hours, and with some patient populations, some devices may be able to be used for up to 1 week. (Evidence Grade A)








Recommendation #5


The use of closed suction catheters should be considered part of a VAP prevention strategy. When closed suction catheters are used, they do not need to be changed daily for infection control purposes. The maximum time that closed suction catheters can be used safely is unknown. (Evidence Grade A)








Recommendation #6


Clinicians (e.g., respiratory therapists, nurses, and physicians) caring for mechanically ventilated patients should be aware of risk factors for VAP (e.g., nebulizer therapy, manual ventilation, and patient transport). (Evidence Grade B)











Evidence Grades







Grade A: Scientific evidence provided by randomized, well-designed, well-conducted, controlled trials with statistically significant results that consistently support the guideline recommendation; supported by Level 1 or 2 evidence


Grade B: Scientific evidence provided by well-designed, well-conducted observational studies with statistically significant results that consistently support the guideline recommendation; supported by Level 3 or 4 evidence


Grade C: Scientific evidence from bench studies, animal studies, and case studies; supported by Level 5 evidence


Grade D: Expert opinion provides the basis for the guideline recommendation, but scientific evidence either provided inconsistent results or was lacking











*For the complete guidelines, see AARC Clinical Practice Guidelines, Care of the ventilator circuit and its relation to ventilator-associated pneumonia. Respir Care 48:569–879, 2003.

















Bag-Mask Devices


Bag-mask devices are a source for colonizing both the airways of intubated patients and the hands of medical personnel.22 Nondisposable bag-mask devices should be sterilized or high-level disinfected between patients. In addition, the exterior surface of any bag-mask device should be cleaned of visible debris and disinfected at least once a day.














Suction Systems


Tracheal suctioning increases the risk of infection. Proper handwashing and gloving help minimize this risk. Although much has been made of the infection control advantages of ensheathed suction systems over open tracheal suction systems, evidence shows neither system to be clearly superior.4 To minimize the risk of cross contamination during suctioning with an open system, a fresh, sterile single-use catheter should be used on each patient. In addition, only sterile fluid should be used to remove secretions from the catheter. Last, both the suction collection tubing and collection canister should be changed between patients except in short-term care units, where only the collection tubing needs to be changed.














Oxygen Therapy Apparatus


Oxygen therapy devices pose much less risk than other in-use equipment but are still a potential infection hazard. In-use nondisposable oxygen humidifiers have a contamination rate of 33%. Conversely, prefilled, sterile disposable humidifiers present a negligible infection risk.23 On the basis of this knowledge, procedures that can help prevent oxygen therapy apparatus from spreading pathogens are outlined in Box 4-11.





Box 4-11   Procedures to Minimize Infection Risk With Oxygen Therapy Apparatus







• Humidifiers are not needed with flows less than 4 L/min


• When needed and whenever possible, prefilled, sterile disposable humidifiers should be used


• With reusable humidifiers, fluid reservoirs should be filled immediately before use with sterile distilled water


• Fluid must not be added to replenish partially filled reservoirs. If fluid is to be added, discard the remaining old fluid first, then clean and dry reservoir before refilling


• The tubing and oxygen delivery device should be changed between patients; prefilled, sterile, disposable humidifiers do not need to be changed between patients in high-use areas such as the recovery room


• Prefilled, disposable humidifiers can be used safely for 30 days




















Pulmonary Function Equipment


The inner parts of pulmonary function testing equipment are not a major source for spread of infection. However, contamination of external tubing, connectors, rebreathing valves, and mouthpieces can occur during testing. These components should be cleaned and subjected to high-level disinfection or sterilization between patients.4 The common practice of using HEPA filters to isolate the spirometer from the patient makes sense logically but has yet to be proven either effective or necessary in preventing nosocomial infection.














Other Respiratory Care Devices


Use of other respiratory care equipment, including oxygen analyzers, the hand-held bedside respirometer, and circuit probes, has been linked with hospital outbreaks of gram-negative bacterial infections.4 The most likely transmission route is direct patient-to-patient contact via either the device itself or the contaminated hands of caregivers. The best way to control this problem is with proper handwashing and sterilization or high-level disinfection of the devices between patients.




















Processing Reusable Equipment


Improperly processed reusable equipment is another potential source for pathogens. General principles for cleaning, disinfection, and sterilization were provided previously. This section presents specific guidelines for processing reusable respiratory care equipment and a special section on bronchoscope disinfection.








Respiratory Care Equipment


Several factors must be considered in selecting a processing method for reusable respiratory care equipment (Box 4-12). When a device’s risk category is known, its composition must be matched to the resources available for hospital disinfection and sterilization. In this manner, each reusable device undergoes the most effective and least costly processing approach available.





Box 4-12   Factors to Consider in Processing Reusable Equipment







• Infection risk (critical, semicritical, noncritical)


• Material and equipment configuration


• Available hospital disinfection resources


• Relative cost (labor and materials)











Mini Clini


Selection of Equipment Processing Methods





[image: image] Problem


A patient is discharged from the intensive care unit after extubation from mechanical ventilatory support. The following contaminated nondisposable items are returned to the respiratory care department for processing: the ventilator, the ventilator circuit and humidifier, a resuscitation bag, a mechanical (vane-type) respirometer, and a laryngoscope with blades. Outline what processing you would select for each item and why.








Discussion


First, the circuit, humidifier, and resuscitation bag should be disassembled and cleaned, using a soap or detergent combined with a low-level or intermediate-level disinfectant. Because the ventilator, respirometer, and laryngoscope and blades cannot be immersed in water, they should immediately undergo surface disinfection, using 70% ethyl alcohol or the equivalent.


After cleaning and initial disinfection, you should sort the items according to risk category and heat sensitivity. No items from this patient are a critical infection risk. The ventilator circuit, humidifier, resuscitation bag, respirometer, and laryngoscope are semicritical items, whereas the ventilator itself is a noncritical item. The ventilator circuit, humidifier, and resuscitation bag are also plastic and probably heat labile. The respirometer and laryngoscope are heat stable.


When possible, semicritical items should be sterilized between patients; the heat-stable items should be autoclaved, and heat-labile items should undergo EtO sterilization. The ventilator (a noncritical item) need undergo only low-level to intermediate-level surface disinfection. The inner parts of the ventilator need not be sterilized or disinfected between patients.








HAIs associated with bronchoscopes have been most commonly reported with M. tuberculosis, nontuberculosis mycobacteria, and Pseudomonas aeruginosa.22 The most common reasons for transmission include failure to adhere to recommended cleaning and disinfection procedures, failure of automated endoscope reprocessors, and flaws in design. Flexible endoscopes are particularly difficult to disinfect, and meticulous cleaning must precede any sterilization or high-level disinfection process.




















Disposable Equipment


An important alternative to reprocessing equipment continually is the use of single-patient-use disposable devices. In the past, only oxygen therapy devices (i.e., masks, cannulas), suction apparatus (i.e., catheters, tubing), and some supplies were disposable. Today, manufacturers provide a whole range of disposable devices, including humidifiers, nebulizers, incentive spirometers, ventilator circuits, bag-valve-masks, and monitoring transducers.


Three major issues are involved in using disposable devices: cost, quality, and reuse. Cost issues boil down to straightforward dollar comparisons between purchasing and processing reusable devices versus stocking and distributing disposable devices. Good comparisons take into account direct and indirect costs (e.g., personnel, inventory, maintenance) and risk factors. Most recent findings support the cost-effectiveness of disposable devices over reusable devices in respiratory care.


Cost savings notwithstanding, many quality issues persist. Although disposable devices generally perform well, poor quality control remains a problem.23 Respiratory care managers need to evaluate carefully disposable devices being considered for bulk purchase before actual clinical use.24 To ensure reliability, this evaluation should include physical testing of multiple units of each model being assessed. Finally, bedside clinicians need to inspect carefully and confirm the operation of any disposable device before use.


Reusing high-cost, high-volume disposable equipment saves hospitals money. The practice of reusing devices labeled by the manufacturer for “single-use only” raises significant safety concerns and issues of negligence.25 The CDC recommends that single-use devices be considered for reuse only if there is good evidence that reprocessing poses no threat to the patient and does not alter the function of the device.4 Individuals responsible for reusing disposable equipment bear a significant burden of proof. Without such proof, users of reprocessed single-use devices may be transferring legal liability for the safe performance of the product from the manufacturer to themselves or their employer.26














Fluids and Medications Precautions


Unit dosing has decreased but has not eliminated the infection hazard associated with medications. Box 4-13 outlines several simple procedures designed to help prevent cross contamination while using fluids and medications.





Box 4-13   Fluids and Medications Precautions


Sterile fluids should always be used for tracheal suctioning and to fill nebulizers and bubble humidifiers. These fluids should be dispensed aseptically.


Sterile water should be used when rinsing equipment. If tap water must be used, either an alcohol rinse must follow or the equipment must thoroughly air dry before use.


If a large stock bottle of sterile fluid must be reused, the container must be resealed and dated after opening. Remaining fluid should be discarded within 24 hours.


When multidose medication vials are being used, they must be handled, dispensed, and stored according to manufacturer’s instructions (on the label or package insert). Medication must not be used after its expiration date.

















Handling Contaminated Articles and Equipment


Contaminated items, whether reusable or disposable, should be enclosed in an impervious bag before removal from a patient’s room. Bagging helps prevent accidental exposure of both personnel and the environment to contaminated articles. A single bag is satisfactory if (1) the bag is strong and impervious, and (2) the contaminated items can be bagged without contaminating the outer surface of the bag. Otherwise, the contaminated items should be double-bagged. Bags used for contaminated articles or waste materials should be clearly labeled or color-coded for this purpose.


After bagging, reusable patient care equipment must be returned to the applicable processing area. Contaminated reusable equipment should remain bagged until ready for decontamination or sterilization. When contaminated waste is being discarded, both OSHA procedures and any applicable local, state, or federal regulations must be followed.














Using Needles and Syringes


Needlestick injuries are a growing area of concern among health care personnel because accidental skin puncture with a contaminated sharp can transmit blood-borne pathogens such as hepatitis C and HIV to the health care worker.2 All health care workers should exercise extreme caution when handling any sharp instruments, including needles and syringes.














Handling Laboratory Specimens


When gathering laboratory specimens (e.g., sputum), extreme care needs to be taken to prevent contamination of the external surface of the container. If the outside of the container is contaminated, the caregiver must either disinfect it or place it in an impervious bag. To minimize the likelihood of laboratory specimens leaking during transport, they should always be placed in a sturdy container with a secure lid. When gathering a specimen from a patient on isolation precautions, the container must be placed in an appropriately labeled, impervious bag before it is removed from the room.




















Surveillance for Hospital-Acquired Infections


Surveillance is an ongoing process of monitoring patients and health care personnel for acquisition of infection or colonization of pathogens, or both. It is one of the five key recommended components of an infection prevention program; the others are investigation, prevention, control, and reporting.2 Surveillance is a tool to provide HAI data on patients to provide outcome measurements either to ensure that there is no ongoing problem or to detect problems and intervene to prevent transmission of pathogens in the health care environment.


Generally, an infection prevention committee establishes surveillance policies, and an infection control nurse or epidemiologist administers them. The surveillance program may be centralized or decentralized (to the various service departments). The following principles should be a part of any infection prevention surveillance program2: (1) use of standard definitions for HAIs, (2) use of microbiology-based data (when available) including resistance patterns for pathogens of significance (e.g., Staphylococcus aureus), (3) establishment of risk stratification for infection risk when available (e.g., ventilator days, device days), (4) monitoring of results prospectively and identifying trends that indicate unusual rates of infection or transmission within the facility, and (5) provision of feedback to stakeholders within the institution (e.g., surgical site infection rates reported back to individual surgeons). It is also common for infection prevention programs to oversee hand hygiene and standard precautions adherence observations. Increasingly, data on adherence to infection prevention processes such as the VAP bundle and patient and health care influenza vaccination rates are available.


The hospital microbiology laboratory fulfills a central role in surveillance for HAIs and community-acquired pathogens (e.g., influenza) that is important for the infection control practitioner. In addition, the increased incidence of multidrug-resistant organisms makes it essential that clinicians have up-to-date information on the resistance patterns of pathogens they are treating in the hospital.


Microbiology personnel work closely with infection control professionals in support of the surveillance program; regular diagnostic activities often reveal patterns of infection with certain microorganisms that can precede widespread outbreaks. The combination of diagnostic activities with ongoing surveillance can help prevent or minimize large-scale in-hospital epidemics.


The surveillance activities of an infection control program are most effective when they generate actionable data that are communicated to the bedside caregiver in a timely fashion. These data can become the springboard for continuous improvement in the delivery of care. Infection control practitioners communicate the results of surveillance activities to bedside caregivers in a meaningful way so that continuous improvements in care occur based on local data. All health care workers should be aware of the rates of adherence in their area to bundles, hand hygiene, and HAI and should seek out their infection control practitioner with any questions, observations, and suggestions on how care could be improved.





Summary Checklist







• The five major routes for transmission of pathogens are contact, droplet, airborne, common vehicle, and vector-borne.


• Infection control procedures involve (1) eliminating the sources of infectious agents, (2) creating barriers to their transmission, and (3) monitoring and evaluating the effectiveness of control.


• Failure to clean equipment properly can render all subsequent processing efforts ineffective.


• Physical or chemical disinfection destroys the vegetative form of pathogenic organisms but cannot kill bacterial spores.


• Glutaraldehyde (20 minutes) is the most common option for high-level disinfection of semicritical respiratory care equipment.


• EtO is best suited for sterilization of critical moisture-sensitive or heat-sensitive items; heat-stable critical items should be autoclaved (steam-sterilized).


• Among respiratory care equipment, large volume nebulizers have the greatest potential to spread infection.


• Ventilator circuits should be changed when visibly soiled or malfunctioning.


• HMEs may be used up to 96 hours before they need to be changed.


• Single-use items should be reused only if there is hard documented evidence that reprocessing poses no threat to the patient and does not alter the function of the device.


• Sterile fluids must always be used for tracheal suctioning and for filling nebulizers and humidifiers.


• Hands need to be thoroughly washed after any patient contact, even when gloves are used.


• Standard precautions must be used in caring for all patients, regardless of their diagnosis or infection status.


• The use of gloves is part of routine basic care when there is skin contact with a patient.


• Masks, goggles, or a face shield must be worn during any procedure that can generate splashes or sprays of blood, body fluids, secretions, or excretions.


• RTs must be familiar with the overall infection control program of OSHA, including surveillance policies and procedures.























References





1. Klevens, RM, Edwards, JR, Richards, CL, et al. Estimating healthcare associated infections and deaths in U.S. hospitals, 2002. Public Health Rep. 2007; 122:160–165.


2. Centers for Disease Control and Prevention (CDC), Health Care Infection Control Practices Advisory Committee (HICPAC). Guidelines for environmental infection control in health-care facilities. Atlanta: CDC; 2003.


3. Institute of Medicine. To err is human: building a safer health care system. Washington D.C.: Institute of Medicine; 2000.


4. Centers for Disease Control. Guideline for prevention of health care associated pneumonia, 2003: recommendations of CDC and the HICPAC. MMWR Morb Mortal Wkly Rep. 2004; 53(RR-3):1–40.


5. Stephen, F. Pulmonary complications following lung resection. Chest. 2000; 118:1263.


6. Siegel, JD, Rhinehart, E, Jackson, M, et al. 2007 guideline for isolation precautions: preventing transmission of infectious agents in healthcare settings. Healthcare Infection Control Practices Advisory Committee www.cdc.gov/ncidod/dhqp/pdf/isolation2007.pdf, 2007.


7. Yi, IT, Li, Y, Wong, TW, et al. Evidence of airborne transmission of the severe acute respiratory syndrome virus. N Engl J Med. 2004; 350:1731–1739.


8. Centers for Disease Control and Prevention. Guidelines for infection control in healthcare personnel. 1998 HICPAC. Infect Control Hosp Epidemiol. 1998; 19:407–463.


9. Centers for Disease Control and Prevention. Prevention and control of influenza with vaccines. MMWR Morb Mortal Wkly Rep. 2010; 59(RR-8):1–62.


10. Pronovost, P, Needham, D, Berenholtz, S, et al. An intervention to decrease catheter related bloodstream infections in the ICU. N Engl J Med. 2006; 355:2725–2732.


11. Bonten, MJ, Kollef, MH, Hall, JB. Risk factors for ventilator-associated pneumonia: from epidemiology to patient management. Clin Infect Dis. 2004; 38:1141–1149.


12. Marschall, J, Mermel, LA, Classen, D, et al. Strategies to prevent central line-associated bloodstream infections in acute care hospitals. Infect Control Hosp Epidemiol. 2008; 29:S22–S30.


13. Coffin, SB, Klompas, M, Classen, D, et al. Strategies to prevent ventilator associated pneumonia in acute care hospitals. Infect Control Hosp Epidemiol. 2008; 29:S31–S40.


14. Centers for Disease Control and Prevention. Guideline for hand hygiene in healthcare settings: recommendations of the Healthcare Infection Control Practices Advisory Committee and the HICPAC/SHEA/IDSA/APIC Hand Hygiene Task Force. MMWR Morb Mortal Wkly Rep. 2002; 51(RR-16):1–47.


15. Centers for Disease Control. Guidelines for preventing opportunistic infections among hematopoietic stem cell transplant recipients. Recommendations of CDC, the Infectious Disease Society of America and the American Society of Blood and Marrow Transplantation. MMWR Morb Mortal Wkly Rep. 2000; 49(RR-10):1–125.


16. Rutala, WA, Weber, DJ. Guidelines for sterilization and disinfection in healthcare facilities. Atlanta, GA and the Healthcare Infection Control Practices Advisory Committee (HICPAC), Centers for Disease Control and Prevention www.edu.gov./hicpac/.pdf/guidelines, 2008.


17. Spaulding, EH. Chemical disinfection of medical and surgical materials. In: Lawrance C, Block SS, eds. Disinfection, sterilization, and preservation. Philadelphia: Lea & Febiger; 1968:517–531.


18. Haney, PE, Raymond, BA, Lewis, LC. Ethylene oxide: an occupational health hazard for hospital workers. AORN J. 1990; 51:480.


19. Thomachot, L, Boisson, C, Arnaud, S, et al. Changing heat and moisture exchangers after 96 hours rather than after 24 hours: a clinical and microbiological evaluation. Crit Care Med. 2000; 28:714.


20. Kollef, MH. The prevention of ventilator-associated pneumonia. N Engl J Med. 1999; 340:627.


21. Han, JN, Liu, YP, Ma, S, et al. Effects of decreasing the frequency of ventilator circuit changes to every 7 days on the rate of ventilator-associated pneumonia in a Beijing hospital. Respir Care. 2001; 46:891.


22. Weber, DJ, Wilson, MB, Rutala, WA, et al. Manual ventilation bags as a source for bacterial colonization of intubated patients. Am Rev Respir Dis. 1990; 142:892.


23. AARC Guideline. Oxygen therapy for adults in acute care facilities. Respir Care. 2002; 47:717–720.


24. Alvine, GF, Rodgers, P, Fitzsimmons, KM, et al. Disposable jet nebulizers: how reliable are they? Chest. 1992; 101:316.


25. Kissoon, N, Nykanen, D, Tiffin, N, et al. Evaluation of performance characteristics of disposable bag-valve resuscitators. Crit Care Med. 1991; 19:102.


26. Ball CK, Schafer EM, Thorne D: Reusing disposables: same old story—more characters added, Insight.






















Chapter 5


Ethical and Legal Implications of Practice


Anthony L Dewitt







Chapter Outline





Philosophical Foundations of Ethics


Ethical Dilemmas of Practice


Codes of Ethics


Ethical Theories and Principles




Autonomy


Veracity


Nonmaleficence


Beneficence


Confidentiality


Justice


Role Duty





Ethical Viewpoints and Decision Making




Formalism


Consequentialism


Mixed Approaches


Virtue Ethics


Intuitionism


Comprehensive Decision-Making Models





Legal Issues Affecting Respiratory Care




Systems of Law


Health Insurance Portability and Accountability Act of 1996


Medical Supervision





Interaction of Ethics and the Law


Professional Licensure Issues




Licensure Statute


Understanding the Causes of Discipline


Engaging Counsel





Respiratory Therapists Who Speak Out About Wrongdoing




Patient Protection and Affordable Care Act


National Labor Relations Act


False Claims Act





Health Care and Change




Health Care Advance Directives













Chapter Objectives


After reading this chapter you will be able to:


[image: image] Summarize the philosophical foundations of ethics.


[image: image] Explain what constitutes an ethical dilemma and how such dilemmas arise in health care.


[image: image] Describe how professional codes of ethics apply to ethical decision making.


[image: image] Explain how traditional ethical principles are useful in resolving ethical dilemmas.


[image: image] Describe the information that should be gathered before making an ethical decision.


[image: image] Explain how the systems of civil and criminal law differ.


[image: image] Describe what constitutes professional malpractice and negligence.


[image: image] Explain how a respiratory therapist can become liable for wrongful acts.


[image: image] List the elements that constitute a practice act.


[image: image] Explain how licensing affects legal responsibility and liability.


[image: image] Describe how changes in health care delivery have shaped the ethical and legal aspects of practice.


[image: image] Summarize the basic elements of the Health Insurance Portability and Accountability Act of 1996 (HIPAA)


[image: image] Describe the role of advance directives and living wills in health care.
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An effective respiratory therapist (RT) must possess excellent clinical skills and an understanding of the business of health care. The health care industry, similar to all industries, must deliver services in an atmosphere in which ethical and legal considerations are an integral part of the organizational culture. RTs regularly encounter circumstances that require them to make choices or take actions that have ethical and legal implications. In society, ethics and law help maintain order and stability. In professional practices, ethics guide RTs in carrying out their duties in a morally defensible way. Law establishes the minimum legal standards to which practitioners must adhere. Although not always the case, ethical practice may require a standard above that of legal practice.


The force behind law is twofold: (1) statutory punishment, ranging from reparations and fines to licensure suspension and incarceration; and (2) civil judgments for violations of duties that cause harm to others. Sanctions for ethical misconduct involve censorship or expulsion from the profession. In some cases, ethical misconduct and legal misbehavior may result from the same incident. The distinction between illegal acts and unethical behavior is not always straightforward. A given act may fit any one of the following categories, depending on the circumstances and the ethical orientation of the person involved: ethical and legal, unethical but legal, ethical but illegal, or unethical and illegal. This chapter provides a foundation of principles related to the ethical and legal practice of respiratory care.








Philosophical Foundations of Ethics


Although an in-depth discussion of philosophy is beyond the scope of this chapter, it is important to note that ethics has its origins in philosophy. Philosophy may be defined as the love of wisdom and the pursuit of knowledge concerning humankind, nature, and reality.1 Ethics is one of the disciplines of philosophy, which include ontology (the nature of reality), metaphysics (the nature of the universe), epistemology (the nature of knowledge), axiology (the nature, types, and criteria of values), logic, and aesthetics. Ethics is primarily concerned with the question of how we should act. Although ethics may share common origins with the disciplines of law, theology, and economics, as an applied practice, ethics is clearly different from these disciplines.1 Ethics can be described philosophically as a moral principle that supplements the golden rule and can be summed up by a commitment to “respect the humanity in persons.”2














Ethical Dilemmas of Practice


The growth of respiratory care has paralleled the development of advanced medical technology and treatment protocols. At the same time, during the 1970s through the 1990s, an ever-growing and sophisticated patient population, fueled by medical benefit packages from the government and employers, developed rising expectations about acceptable standards of care. In the latter part of the 1990s, managed care strategies and other cost-containment methods adopted by most third-party payers slowed the growth of the health care industry. The ethical and legal issues faced by practitioners, although changed in many cases, continued to grow. In the earlier period, RTs faced ethical dilemmas and legal issues associated with patient expectations, staffing, and quality of care, among others. RTs continue to face ethical dilemmas and legal issues at the present time; however, such dilemmas may now include the rationing of care, dealing with conflicts associated with third-party standards of care, and delivery of the appropriate standard of care in the face of cost constraints. Staffing issues continue to be a problem and are at the root of many of the ethical and legal concerns faced by RTs. As respiratory care continues to mature as a profession, these challenges are likely to increase. The twenty-first century has brought one particular challenge, although not new to health care or to RTs: a heightened awareness of the patient’s right to privacy. The Health Insurance Portability and Accountability Act of 1996 (HIPAA), discussed later in this chapter, is now a major consideration for RTs as they perform their jobs.


RTs work in complex health care settings, making it difficult to predict definitively the range of ethical dilemmas likely to be experienced on a regular basis. The clinical aspects and the management aspects of health care are rife with possibilities for ethical dilemmas. In addition, the ethical orientation of the RT plays a role in recognition and identification of ethical dilemmas. The health care industry continues to be in a period of dynamic change bringing many new challenges. New technologic and management methodologies are continuously being introduced to accomplish the missions and goals of health care organizations. Over the past decade, there has been an almost complete change from a relatively open fee-for-service system to one in which care is managed in some fashion, and the fees are in some form of capitated payment. These changes often pose serious ethical dilemmas.


For example, managed care uses a concept known as “restrictive gatekeeping.” Restrictive gatekeeping requires patients to obtain prior approval from their third-party payer, usually an insurance company, before hospitalization and before certain procedures. When the hospital admission or procedure is approved, specific requirements or limitations are usually associated with the patient’s care. As a result, health care workers, including RTs, may find themselves engaged in clinical processes that are dictated more by the third-party payers than by patient needs. Under these circumstances, health care workers may feel frustrated and helpless if they believe that a patient needs care beyond that approved by the third-party payer.


The rationing of care continues to be a side effect of staffing patterns created by managed care. Although all businesses must carefully balance staffing patterns against productivity, managed care has brought this concept home in a major way to health care facilities. An RT working in an understaffed department may decide that Patient A can really forego therapy because the department is short staffed and Patient A is really not going to get better anyway. Although this may sound at first like a case of simple neglect of duty, it is also an ethical dilemma.


The approaches used to address ethical issues in health care range from the specific to the general. Specific guidance in resolving ethical dilemmas is usually provided by a professional code of ethics. General approaches involve the use of ethical theories and principles to reach a decision.3














Codes of Ethics


A code of ethics is an essential part of any profession that claims to be self-regulating. The adoption of a code of ethics is one way in which an occupational group establishes itself as a profession. A code may try to limit competition, restrict advertisement, or promote a particular image in addition to setting forth rules for conduct.4


The first American medical code of ethics (established in 1847) was as much concerned with separating orthodox practitioners from nontraditional ones as it was with regulating behavior. Even modern codes tend to be vague regarding what is prescribed and what is to be avoided.


The American Association for Respiratory Care (AARC) has also adopted a Statement of Ethics and Professional Conduct. The current code appears in Box 5-1. This code represents a set of general principles and rules that have been developed to help ensure that the health needs of the public are provided in a safe, effective, and caring manner. Codes for different professions might differ from the code governing respiratory care because they may seek different goals. However, all codes of ethics seek to establish parameters of behavior for members of the chosen profession. Professional codes of ethics often represent overly simplistic or prohibitive notions of how to deal with open misbehavior or flagrant abuses of authority.





Box 5-1   AARC Statement of Ethics and Professional Conduct (Revised 7/04)


In the conduct of professional activities, the respiratory therapist shall be bound by the following ethical and professional principles. Respiratory therapists shall:




• Demonstrate behavior that reflects integrity, supports objectivity, and fosters trust in the profession and its professionals. Actively maintain and continually improve their professional competence and represent it accurately


• Perform only those procedures or functions in which they are individually competent and which are within the scope of accepted and responsible practice


• Respect and protect the legal and personal rights of patients they treat, including the right to informed consent and refusal of treatment


• Divulge no confidential information regarding any patient or family unless disclosure is required for responsible performance of duty, or required by law


• Provide care without discrimination on any basis, with respect for the rights and dignity of all individuals


• Promote disease prevention and wellness


• Refuse to participate in illegal or unethical acts, and shall refuse to conceal illegal, unethical, or incompetent acts of others


• Follow sound scientific procedures and ethical principles in research


• Comply with state or federal laws that govern and relate to their practice


• Avoid any form of conduct that creates a conflict of interest and shall follow the principles of ethical business behavior


• Promote health care delivery through improvement of the access, efficacy, and cost of patient care


• Encourage and promote appropriate stewardship of resources








The most difficult ethical decisions arise from situations in which two or more right choices are incompatible, in which the choices represent different priorities, or in which limited resources exist to achieve a desired end. Ethicists readily admit that reducing these issues to simple formulations is not an easy task. The number and complexity of ethical dilemmas continue to grow as the complexity of life and health care increases. For health care, difficult ethical dilemmas continue to involve concerns about the practical limits on financial resources, the growing emphasis on individual autonomy, and more research advances such as cloning and stem cell research. Resolution of these more complex problems requires a more general approach than that provided by a code of ethics. This more general perspective is provided by ethical theories and principles.


In addition to the moral obligations that ethical duties impose on RTs, ethical obligations are often cited in legal proceedings as a tool of cross-examination. If an RT expresses opinions or is accused of actions that would violate the ethical duties of the profession, the RT’s ignorance of ethical standards during cross-examination can have a powerful effect on a jury.





Mini Clini


Conflicting Obligations





[image: image] Problem


Therapist H, a registered RT with 18 years’ experience, has worked for a large regional medical center for the past 10 years. She is generally happy with her work but is concerned about the financial stability of the hospital. As a result, she has signed on with a temporary agency to ensure that she will have work if the hospital decides to initiate a reduction in force. On one of her scheduled days off, Therapist H agrees to work a shift for the temporary agency at another hospital. Two hours before her shift is scheduled to begin, she receives a telephone message from the medical center where she is employed. Her supervisor asks Therapist H to report to work at the medical center because the only experienced therapist on the shift has been in an automobile accident. Therapist H is torn between her obligation to the medical center where she has worked for 10 years and the agency.








Discussion


Professionalism and ethics generally require a commitment to one’s duties. In this situation, Therapist H must consider not only her duty but also the consequences of each decision that she might make. In either case, there is the possibility that her decision will leave a staffing shortage at one of the hospitals.








Discussion questions


Should Therapist H cancel her shift with the agency, although she has agreed to give the agency a 4-hour notice except in an emergency? Should she work the shift at the agency as scheduled, using the rationale that she did not create the staffing problem at the medical center? Should she call her supervisor and explain the situation and ask for help in making the right decision, realizing that the final decision would still be hers? Should she call her supervisor and tell the supervisor that she is ill and cannot come in and report to the agency job?




















Ethical Theories and Principles


Ethical theories and principles provide the foundation for all ethical behavior. Contemporary ethical principles have evolved from many sources, including Aristotle’s and Aquinas’ natural law, Judeo-Christian morality, Kant’s universal duties, and the values characterizing modern democracy.5,6 Although controversy exists, most ethicists agree that autonomy, veracity, nonmaleficence, beneficence, confidentiality, justice, and role fidelity are the primary guiding principles in contemporary ethical decision making.1,5


Each of these ethical principles, as applied to professional practice, consists of two components: a professional duty and a patient right (Figure 5-1). The principle of autonomy obliges health care professionals to uphold the freedom of will and freedom of action of others. The principle of beneficence obliges health care professionals to further the interests of others either by promoting their good or by actively preventing their harm. The principle of justice obliges health care professionals to ensure that others receive what they rightfully deserve or legitimately claim.




[image: image]


FIGURE 5-1 Reciprocal relationship between professional obligations and patient rights.








Expressed in each duty is a reciprocal patient right. Reciprocal patient rights include the right to autonomous choice, the right not to be harmed, and the right to fair and equitable treatment. More specific rules can be generated from these general principles of rights and obligations, such as those included in a code of ethics.








Autonomy


The principle of autonomy acknowledges the personal liberty of patients and their right to decide their own course of treatment and follow through a plan on which they freely agree. It is from this principle that rules about informed consent are derived. Under the principle of autonomy, the use by an RT of deceit or coercion to get a patient to reverse the decision to refuse a treatment is considered unethical. Likewise, it is unethical and illegal to threaten a patient who is unwilling to sign a consent form.














Veracity


The principle of veracity is often linked to autonomy, especially in the area of informed consent. Generally, veracity binds the health care provider and the patient to tell the truth. The nature of the health care delivery process is such that both parties involved are best served in an environment of trust and mutual sharing of all information. Problems with the veracity principle revolve around such issues as benevolent deception. In actions of benevolent deception, the truth is withheld from the patient for his or her own good.


When the physician decides to withhold the truth from a conscious, well-oriented adult, the decision affects the interactions between health care providers and the patient and has a chilling effect on the rapport that is so necessary for good care. In a poll conducted by the Louis Harris group, 94% of Americans surveyed indicated that they wanted to know everything about their cases, even the dismal facts. Other than with pediatrics and rare cases in which there is evidence that the truth would lead to a harm (e.g., suicide), the truth, provided in as pleasant a manner as possible, is probably the best policy.7


Truth telling can also involve documentation and medical recordkeeping. This type of dilemma is occurring more frequently under strict managed care reimbursement protocols. The accompanying Mini Clini provides a good example of this type of dilemma.





Mini Clini


Patient Rights





[image: image] Problem


An RT working at a hospital receives a physician order to administer an aerosolized bronchodilator treatment to a 26-year-old female asthmatic patient admitted for suspected pneumonia. The patient refuses the treatment on entering the room, stating that she is having a “bad day” today and does not want to be bothered by anyone. The patient is regarded as being competent and fully capable of making health care decisions for herself. How could the RT handle this situation?








Discussion


The RT must acknowledge and respect the patient’s right to decide freely whether or not to allow the respiratory care treatment. According to the principles of ethical theory and conduct, health care professionals have an obligation to promote patient autonomy by permitting freedom of will and freedom of action. An additional requirement on the part of the practitioner is that coercion or deceit not be used to get a patient to reverse his or her decision to refuse a treatment. According to the American Hospital Association statement entitled “The Patient Care Partnership,” the patient has the right to refuse treatment and to be informed of the medical consequences of her action.


The RT could talk to the patient and explore what the term “bad day” meant to her. It might be that she is not feeling well because of breathing problems from her asthma condition and worsening symptoms of possible pneumonia. The RT has an important role in ensuring that the patient understands the benefits of the respiratory treatment and the health consequences of refusal so that the patient can make a well-informed decision. If the RT approaches the patient in a professional, nonthreatening manner, she may feel more at ease and be willing to discuss in greater depth why she does not want to take the treatment. It is common for a patient to refuse therapy initially only to change his or her mind after communication with the RT. Should the patient still refuse the treatment after discussion with the RT, the RT should remain nonjudgmental, even if he or she disagrees with the patient’s decision. Appropriate documentation in the medical record and physician notification should then occur.




















Nonmaleficence


The principle of nonmaleficence obligates health care providers to avoid harming patients and to prevent harm actively where possible. It is sometimes difficult to uphold this principle in modern medicine because in many cases drugs and procedures have secondary effects that may be harmful in varying degrees. For example, an RT might ask whether it is ethical to give a high dose of steroids to an asthmatic patient, knowing the many harmful consequences of these drugs. One solution to these dilemmas is based on the understanding that many helping actions inevitably have both a good and a bad effect, or double effect. The key is the first intent. If the first intent is good, the harmful effect is viewed as an unintended result. The double effect brings us to the essence of the definition of the word dilemma. The word comes from the Greek terms di, meaning “two,” and lemma, meaning “assumption” or “proposition.”8














Beneficence


The principle of beneficence raises the “do no harm” requirement to an even higher level. Beneficence requires that health care providers go beyond doing no harm and contribute actively to the health and well-being of their patients. Many quality-of-life issues are included within this dictum. Practitioners of medicine today possess the technology to keep some individuals alive well beyond any likelihood of meaningful recovery. This technology presents dilemmas for practitioners who have the ability to prolong life but not the ability to restore any uniquely human qualities.





Mini Clini


Veracity
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Jon performs pulmonary function testing, including blood gases, for his hospital. Many of the patients he sees are attempting to qualify or requalify for continuous reimbursement for home oxygen use. To qualify, the patient’s PaO2 must be less than 60 mm Hg. Patient A, who has home oxygen therapy, is attempting to requalify, although her condition has improved from what it was 1 year earlier. Her blood gas results show a PaO2 of 63 mm Hg. The patient’s husband asks Jon if there is anything he can do, while relating how greatly his wife benefits from the oxygen. Jon tells the husband that there is nothing that he can do and assists the husband in taking the patient out to her car. At the car, the husband pulls out his wallet, shows it to Jon, and repeats the question.








Discussion points


RTs have an obligation to carry out their duties in the most competent and professional manner possible. Failure to do so may constitute both an ethical dilemma and a legal issue.








Discussion questions


What is the potential ethical dilemma in this situation? What other ways could Jon have chosen to handle this situation?








In these cases, some individuals interpret the principle of beneficence to mean that they must do everything to promote a patient’s life, regardless of how useful the life might be to that individual. Other professionals in the same situation might believe they are allowing the principle to be better served by doing nothing and allowing death to occur without taking heroic measures to prevent it. In an attempt to allow patients to participate in resolving this dilemma, legal avenues, called advance directives, have been developed.9 Advance directives allow a patient to give direction to health care providers about treatment choices in circumstances in which the patient may no longer be able to provide that direction. The two types of advance directives available at the present time and widely used are the living will and the durable power of attorney for health care. A durable power of attorney for health care allows the patient to identify another person to carry out his or her wishes with respect to health care, whereas a living will states a patient’s health care preferences in writing. As a result of the Patient Self-Determination Act of 1990, most states require that all health care agencies receiving federal reimbursement under Medicare/Medicaid legislation provide adult clients with information on advance directives.9,10














Confidentiality


The principle of confidentiality is founded in the Hippocratic Oath; it was later reiterated by the World Medical Association in 1949. It obliges health care providers to “respect the secrets which are confided even after the patient has died.”11 Confidentiality, as with the other axioms of ethics, must often be balanced against other principles, such as beneficence.


The main ethical issue surrounding confidentiality is whether more harm is done by occasionally violating its mandate or by always upholding it, regardless of the consequences. This limitation to confidentiality is known as the harm principle. This principle requires that practitioners refrain from acts or omissions in which foreseeable harm to others could result, especially when the others are vulnerable to risk. This principle would require that confidentiality be maintained for a patient with AIDS in matters involving his or her landlord. In this case, confidentiality is justified because the landlord is not particularly vulnerable. However, if the patient was planning to marry, the harm principle would require that confidentiality be broken because of the special vulnerability of the spouse.


Confidentiality is usually considered a qualified, rather than an absolute, ethical principle in most health care provider–patient relationships. These qualifications are often written into codes of ethics. The American Medical Association Code of Ethics, Section 9, provides the following guidelines: “A physician may not reveal the confidences entrusted to him in the course of medical attendance or the deficiencies he may observe in the character of patients, unless he is required to do so by law or unless it becomes necessary in order to protect the welfare of the community or a vulnerable individual.” Under the requirements of public health and community welfare, there is often a legal requirement to report such things as child abuse, poisonings, industrial accidents, communicable diseases, blood transfusion reactions, narcotic use, and injuries caused with knives or guns.12 In many states, child abuse statutes protect the health care practitioner from liability in reporting even if the report should prove false as long as the report was made in good faith. Failure to report a case of child abuse can leave the practitioner legally liable for additional injuries that the child may sustain after being returned to the hostile environment.


Breaches of confidentiality more often result from careless slips of the tongue than from rational decision making. Such social trading in gossip about patients is unprofessional, unethical, and, in certain cases, illegal. Risks of inadvertent disclosure increase exponentially with membership on social networking sites such as Facebook where RTs may exchange information that sometimes violates the rights of individual patients.





[image: image] Rule of Thumb


Patient information should be discussed only in private and with persons who have a legitimate reason and need to know.





Because of the widespread use of computerized databases, confidential information, previously highly protected, is now relatively easy to obtain. Clinical data are available for close scrutiny by the clerical staff, laboratory personnel, and other health care providers. The widespread use of these data systems is a threat to patient confidentiality. In an attempt to reduce this threat, most clinical databases are restricted to use by only the health care workers who have a need to know. In addition to being unethical, an RT who reads the file of a patient whom he or she is not treating would likely be in violation of institutional policy. The accompanying Mini Clini below provides an example.





Mini Clini


Confidentiality
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Mary, an RT, is working the evening shift at a large urban medical center when she receives a telephone call from a friend telling her that her next door neighbor has been admitted to the medical center. Mary’s first thought is to check the neighbor’s file on the computer system to see why her neighbor has been hospitalized.








Discussion point


Mary knows that the medical center has a policy that employees are to access only the charts for which they have a reason to do so.








Discussion questions


Should Mary access this chart via the computer system? If she does, what kind of violation will she be committing—ethical, legal, or both? What ethical principles, if any, would apply here? What is the harm in simply checking the computer on this patient? Is anyone likely to know if Mary accesses this patient’s information?








Despite medical and sociologic advances, potential violations of the individual’s right to privacy in certain populations, such as patients with AIDS, pose a special risk because disclosure may result in economic, psychologic, or physical harm to the patient. RTs would do well to adhere to the dictum found in the Hippocratic Oath: “What I may see or hear in the course of the treatment or even outside of treatment of the patient in regard to the life of men, which on no account one must spread abroad, I will keep to myself, holding such things to be shameful to be spoken about.”13














Justice


The principle of justice involves the fair distribution of care. Rising health care expectations, coupled with the decreased availability of care because of cost, is making this principle an important one for health care workers. Population trends and the financial shortfalls in programs such as Medicaid and Medicare will contribute to the continuing importance of this principle.


The United States is rapidly approaching the point at which a balance must be found between health care expenses and the revenue available to pay for them. Efforts to achieve this balance will inevitably lead to some form of rationing of the delivery of health care services. This type of justice is properly referred to as distributive justice.


A second form of justice seen in health care is compensatory justice. This form of justice calls for the recovery for damages that were incurred as a result of the action of others. Damage awards in civil cases of medical malpractice or negligence are examples of compensatory justice. Compensatory justice has often been cited as playing a major role in increasing the cost of health care. However, the Congressional Budget Office estimates that less than 2% of the cost of health care is related to medical malpractice. Studies by Zurich Insurance Company,14 Harvard University, and Dartmouth University showed little to no impact on the cost of health care and generally debunk the myth that physicians always practice defensive medicine. The Harvard study showed that patients were uncompensated in the presence of actual malpractice more frequently than physicians were held accountable in the absence of actual malpractice. Other studies generally confirm that the civil justice system does a good job of protecting the rights of health care workers and patients in negligence litigation.














Role Duty


Because no single individual can be solely responsible for providing all of a patient’s health care needs, modern health care is a team effort by necessity. There are more than 100 allied health professions, and allied health workers (excluding nursing and physicians) provide about 60% of all patient care. Each of the allied health professions has its own practice niche, defined by tradition or by licensure law. Practitioners have a duty to understand the limits of their role and to practice with fidelity. For example, because of differences in role duty, an RT might be ethically obliged not to tell a patient’s family how critical the situation is, instead having the attending physician do so.3 The previous Mini Clinis addressed role duty, and the accompanying Mini Clini presents another example of the ethics of role duty.





Mini Clini


Role Duty
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Sue, an RT, receives a request to perform a blood gas analysis for a patient on a ventilator because, as reported by the nurse, the patient’s oxygen saturation is only 61%. The patient has an order for blood gases as needed. As the nurse and RT look at the blood gas results, they both are surprised because the saturation is now 93%. The nurse suggests repeating the blood gases. The RT is about to comply until she notes the oximeter display on which the nurse is relying shows the patient with an oxygen saturation of 93% and a pulse rate of 61 beats/min.








Discussion point


Teamwork and role delineation are both essential components of good patient care. Each practitioner also has an obligation to perform his or her duties in the most competent and professional manner possible.








Discussion questions


What kind of issue or dilemma exists here—legal, ethical, or both? What should the RT do at this point? Should an incident report be written and, if so, by whom?


























Ethical Viewpoints and Decision Making


In deciding ethical issues, some practitioners try to adhere to a strict interpretation of one or more ethical principles, such as those just described. Other practitioners seek to decide the issue solely on a case-by-case basis, considering only the potential good (or bad) consequences. Still other practitioners would appeal to the image of a “good practitioner,” asking themselves what a virtuous person would do in a similar circumstance. Finally, many practitioners acknowledge that they largely follow their intuition for making ethical decisions. These different viewpoints represent the four dominant theories underlying modern ethics.5,15 The viewpoint that relies on rules and principles is called formalism, or duty-oriented reasoning. The viewpoint in which decisions are based on the assessment of consequences is called consequentialism. The viewpoint that asks what a virtuous person would do in a similar circumstance is called virtue ethics. When intuition is involved in the decision-making process, the approach is called intuitionism.





Mini Clini


Role Duty
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Courtney is the lone RT on duty on the midnight shift in a small, 65-bed rural hospital. She likes working at the small hospital and knows most of the patients and their conditions from memory. The night is quiet and uneventful until 2:00 am, when a code is called for a patient in the intensive care unit (ICU). Courtney immediately heads for the ICU while mentally noting the patient’s condition on which the code has been called. She remembers that the patient is 78 years old and has chronic obstructive pulmonary disease. Just as she nears the ICU, a second code is called for a patient in a room just outside of the ICU. Courtney quickly jogs her memory and remembers that this patient is a 25-year-old diabetic who has just given birth to a baby girl.








Discussion point


The lone RT can attend to only one code, although she has an obligation to provide the best care possible to all patients. There is no protocol of which the RT is aware that would provide guidance as to which patient she should seek to assist with first. At the time the second code is called, she is at an equal distance from both patients.








Discussion questions


Is this RT facing an ethical dilemma? If so, what guiding principle or principles should be relied on to determine the best course of action? Which patient should the RT assist with first?














Formalism


Formalist thought asserts that certain features of an act itself determine its moral rightness. In this framework, ethical standards of right and wrong are described in terms of rules or principles. These rules function apart from the consequences of a particular act. An act is considered morally justifiable only if it upholds the rules or principles that apply.


The major objection to this duty-oriented approach lies in its potential for inconsistency. Critics of formalist reasoning insist that no principle or rule can be framed that does not have exceptions. These critics claim that no principle or rule can be framed that does not conflict with other rules.














Consequentialism


For the consequentialist, an act is judged to be right or wrong based on its consequences. Each possible act is assessed in terms of the relative amount of good (over evil) that it would bring into being. The most common application of consequentialism judges acts according to the principle of utility. The principle of utility, in its simplest form, aims to promote the greatest general good for most people.


Critics of this approach claim that it has two fundamental flaws. First, the “calculus” involved in projecting and weighing the amount of good over evil that might occur is not always possible. Second, reliance on the principle of utility to the exclusion of all else can result in actions that are incompatible with ordinary judgments about right and wrong. A classic example of this problem can be seen in the true World War II case of the battle for North Africa. In this scenario, there were two groups of soldiers but only enough antibiotics for one group. One group required the medication for syphilis contracted in the local brothels; the other group needed antibiotics for wounds sustained in battle. The dilemma arose as to who should receive the antibiotics. Formalist or duty-oriented reasoning would base the decision about who should receive the antibiotics on some concept of justice, such as giving priority to the sickest or to the individuals most in need. However, the actual decision in this case was a consequentialist one, based not on the desire to distribute the drug justly but rather on the need to obtain a quick victory with as few casualties as possible. The scarce medication was given to the soldiers who were “wounded” in the brothels rather than in battle because these soldiers could be restored quickly and returned to the frontlines to aid the war effort.














Mixed Approaches


Mixed approaches to moral reasoning try to capitalize on the strengths inherent in these two major lines of ethical thought. One approach, called rule utilitarianism, is a variation of consequentialism. Under this framework, the question is not which act has the greatest utility but which rule would promote the greatest good if it were generally followed.


The rule utilitarian would agree with the formalist that truth telling is a necessary ethical principle but for a different reason. To the rule utilitarian, truth telling is a needed principle not because it has any underlying moral rightness but because it promotes the greatest good in professional-patient relationships. Specifically, if truth telling were not followed consistently, trusting relationships between patients and health care professionals would be impossible.


The rule utilitarian approach is probably the most appealing and useful to health care professionals. This approach is appealing because it addresses both human rights and obligations and the consequences of actions. Rule utilitarianism seems best able to account for the modern realities of human experience that so often affect the day-to-day practice of health care. However, although it has some value as an ethical framework, it has the disadvantage of being quite variable among caregivers. Where caregivers have different values and different educational levels, ethical decision making using this tool frequently is inconsistent.














Virtue Ethics


A theory of virtue ethics has evolved based in part on the limits of both formalism and consequentialism. Virtue ethics is founded not in rules or consequences but in personal attributes of character or virtue. Under this formulation, the first question is not, “How do I act in this situation?” but rather, “How should I carry out my life if I am to live well?” or “How would the good RT act?”


Virtue-oriented theory holds that professions have historical traditions. Individuals entering a profession enter into a relationship not only with current practitioners but also with the practitioners who have come before them. With these traditions comes a history of character standards set by the individuals who have previously distinguished themselves in that profession.


According to this perspective, the established practices of a profession can give guidance, without an appeal to either the specific moral principles or the consequences of an act.3 When the professional is faced with an ethical dilemma, he or she need only envision what the “good practitioner” would do in a similar circumstance. It is hard to imagine the good RT stealing from the patient, charging for services not provided, or smothering a patient with a pillow.


Rapidly changing fields such as respiratory care pose some problems for virtue ethics. What might be considered good ethical conduct at one time might be deemed wrong the next time. An example of this change over time is an RT who is asked not only to disconnect a brain-dead patient from a ventilator but also to remove the feeding tubes and intravenous lines.


In addition to the difficulty with changing values in virtue ethics, it provides no specific directions to aid decision making. The heavy reliance of virtue ethics on experience rather than on reason makes creative solutions less likely. Finally, practitioners often find themselves in conflicting role situations for which virtue ethics has no answers. A good example is an RT who practices the virtue of being a good team player but is confronted with the need to “blow the whistle” on a negligent or incompetent team member.3 Despite these limitations, virtue ethics is probably the way most practitioners make their ethical decisions.














Intuitionism


Intuitionism is an ethical viewpoint that holds that there are certain self-evident truths, usually based on moral maxims such as “treat others fairly.” The easiest way to understand intuitionism is to think of as many timeless maxims as you can, which form the basis for intuitionism. These maxims may range from “do not kill” to “look before you cross the street.”6 As a decision-making tool, intuitionism is unhelpful in large measure because it depends on the intuitional abilities of the specific caregiver.














Comprehensive Decision-Making Models


To aid in the process of decision making in bioethics, several comprehensive models have been developed. Figure 5-2 depicts one example of a comprehensive decision-making model that combines the best elements of formalism, consequentialism, and virtue ethics. As is evident in this approach, the ethical problem is framed in terms of the conditions and who is affected. Initially, an action is chosen based on its predicted consequences. The potential consequences of this decision are compared with the human values underlying the problem. The short test of this comparison is a simple restatement of the golden rule that is, “Would I be satisfied to have this action performed on me?” The initial decision is considered ethical if, and only if, it passes this test of human values. A simpler but nonetheless comprehensive model is used by many ethicists. The model uses eight key steps (Box 5-2).





Box 5-2   Ethical Decision-Making Model







1. Identify the problem or issue


2. Identify the individuals involved


3. Identify the ethical principle or principles that apply


4. Identify who should make the decision


5. Identify the role of the practitioner


6. Consider the alternatives (long-term and short-term consequences)


7. Make the decision (including the decision not to act)


8. Follow the decision to observe its consequences
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FIGURE 5-2 Comprehensive ethical decision-making model. (Redrawn from Brody H: Ethical decisions in medicine, ed 2, Boston, 1981, Little, Brown.)








With or without these models, RTs are often at a double disadvantage in ethical decision making because RTs not only must live with their own decisions but also must support (and act on) the decisions of their physician colleagues. Unless excellent communication exists, misunderstandings can occur. Such misunderstandings may be an essential factor in the high job stress, burnout, and attrition in respiratory care.


Classes in ethics, decision making, and communication skills are crucial components of the preparation of RTs for the often confusing and frustrating practice in today’s medical settings. The specialty requires practitioners who can go beyond simple assertions of right or wrong and provide justifications that are both right and reasoned. Many hospitals have ethics boards or committees to review and set policy and to assist in making informed ethical decisions. In addition to administrators and medical staff members, these committees may include a member of the lay public, a chaplain, and one or more experts in bioethics.


A major factor in the disciplinary decisions of professional boards is frequently whether the acts of the RT conformed to the ethical standards of the profession. Nearly every Respiratory Care Practice Act has ethical principles embedded in the statute and codified in state regulations. Every RT should be aware of what his particular state dictates in terms of ethical practice.





[image: image] Rule of Thumb


Never attempt to make ethical decisions for others. You can only make them for yourself.























Legal Issues Affecting Respiratory Care


Sometimes decisions cannot be made in the confines of the medical community and with the help of the patients it serves. These problems often go to the courts. The problem of professional liability in the delivery of health care is immense and plays a key role in skyrocketing health care costs. Limits on medical liability have been key factors in recent legislation.


Practitioners are caught in the middle. On one hand, they are required to keep costs down by avoiding overuse of technology and therapeutics. On the other hand, they are faced with a level of consumerism that holds them accountable as never before. The costs, losses, frustration, and distraction brought about by the current level of legal intervention in health care practice are a national crisis.








Systems of Law


Under our legal system, the law is divided into two broad classes: public law and civil law. Public law deals with the relationships of private parties and the government. Civil law is concerned with the recognition and enforcement of the rights and duties of private individuals and organizations.








Public (Criminal and Administrative) Law


The two major divisions of public law are criminal law and administrative law. Criminal law deals with acts or offenses against the welfare or safety of the public. Offenses against criminal law are punishable by fines, imprisonment, or both. In these cases, the accuser is the state, and the person prosecuted is the defendant.


Administrative law is the second major branch of public law. Administrative law consists of the countless regulations set by government agencies. Health care facilities are inundated by a host of administrative and agency rules that affect almost every aspect of operation. RTs are obligated to abide by these rules and regulations.














Civil Law


Private or civil law protects private citizens and organizations from others who might seek to take unfair and unlawful advantage of them. If an individual believes that his or her rights have been compromised, the individual can seek redress in the civil courts. In these cases, the individual bringing the complaint is known as the plaintiff, and the individual accused of wrong is the defendant. Civil courts decide between the two parties with regard to the degree of wrong and the level of reparation required. The category of civil law best related to respiratory care is tort law.








Tort Law


A tort is a civil wrong, other than a breach of contract, committed against an individual or property, for which a court provides a remedy in the form of an action for damages. Causes for the complaints may range from assault and battery to invasion of privacy. The basic functions of torts are to keep the peace between individuals and to substitute a remedy for personal injury instead of vengeance.


There are three basic forms of torts: negligent torts, intentional torts, and torts in which liability is assessed regardless of fault (as in the case of manufacturers of defective products). The basic difference between negligent and intentional torts is the element of intent. An intentional tort always involves a willful act that violates another’s interest. A negligent tort does not have to involve any action at all. Instead, a negligent tort can consist of an omission of an action.








Professional Negligence


Negligence, in its simplest terms, is the failure to perform one’s duties competently. Negligence may involve acts of commission or omission. The tort of negligence is concerned with the compensation of an individual for loss or damages arising from the unreasonable behavior of another. The normal standard for the claim is the duty imposed on individuals not to cause risk or harm to others, the standard being what a reasonable and prudent person should have foreseen and avoided.


In negligence cases, the breach of duty often involves the matter of foreseeability. Cases in which the patient falls, is burned, is given the wrong medication, or is harmed by defects in an apparatus often revolve around the duty of the health care provider to anticipate the harm. Duty can be defined as an obligation to do a thing, a human action exactly conformable to the law that requires us to obey. For the tort of negligence to be a valid claim, the four conditions listed in Box 5-3 must be met.





Box 5-3   Elements of Negligence







• The practitioner owes a duty to the patient


• The practitioner breaches that duty


• The breach of duty was the cause of damages


• Damage or harm came to the patient








The assessment of what is reasonable and prudent for an RT can be determined by guidelines established by a professional group (e.g., the AARC), by direct expert testimony, or by circumstantial evidence. In the last case, the legal principle res ipsa loquitur (the thing speaks for itself) may apply. Res ipsa loquitur is sometimes invoked to show that the harm would not ordinarily have happened if the individuals in control had used appropriate care. In these cases, negligence is established by inference.


For a claim of res ipsa loquitur to be supported, three basic conditions must be met: (1) The harm was such that it would not normally occur without someone’s negligence. (2) The action responsible for the injury was under the control of the defendant. (3) The injury did not result from any contributing negligence or voluntarily assumed risk on the part of the injured party. An example of res ipsa loquitur might be the failure to recognize that a patient’s right main stem bronchus had been intubated with a resultant pneumothorax. For negligence to occur, the breach in duty must also cause damage or injury to the individual. The injured party must file the lawsuit within the time frame set by the statute of limitations. The term injury, in this sense, may include not only physical harm but also mental anguish and other invasions of the patient’s rights and privileges. The claim must be supported by a preponderance of evidence to prevail.


For the tort of negligence to be sustained, the breach of duty must be shown to be the cause of the injury. Causation revolves around whether the acts of negligence were the cause in fact and the legal cause of the damages. Causation in fact means simply that the negligent act of the caregiver caused the damages. Proximate causation or legal causation usually turns on foreseeability and whether it is fair to impose damages on a defendant.


Factual causation usually is a question for the jury. It is best illustrated in the context of a motor vehicle accident. If a car runs a stop sign but does not hit anyone, the driver may well be negligent, but no one could sue because the driver did not cause any harm. If there is a collision, there is harm flowing directly from the failure to stop. For that reason, the mere failure to provide the appropriate standard of care is insufficient to necessitate payment of damages unless injury occurs as a result of the action or omission. In most states, the act of negligence does not have to be the only cause; it only has to be one cause. Sometimes this is referred to in jury instructions as a requirement that the defendant’s actions “caused or contributed to cause” the injury. Ordering oxygen turned off on a severely hypoxemic patient might be the direct cause of the patient’s injury, but the therapist’s acting on that order instead of questioning it could be thought of as a contributing cause.


Proximate causation turns on foreseeability. It tends to be a retrospective analysis. If an RT fails to check a ventilator as required, it is foreseeable that the patient could develop a compromised airway and sustain brain damage or die. The RT’s failure would be both the factual and the legal cause of the injury. Proximate causation also comes into play, however, when there are multiple wrongdoers. For example, a nurse requests a therapist’s help to place a patient on the bedside commode. The therapist is unaware that the patient’s blood pressure is 60 mm Hg by Doppler. The patient bears down, experiences a cardiac arrest, and dies. Although the actions of the therapist in helping to move the patient to the commode are the cause in fact, the therapist might escape liability because it was not foreseeable that helping the nurse move the patient would result in the patient’s death.


Damages are another factor in negligence lawsuits. There are three kinds of damages: economic, noneconomic, and punitive. Economic damages are awarded for economic loss. For example, a working wife and mother killed in a vehicular accident leaves a family without a caregiver for the children and without the $45,000 a year salary she earned. Her economic damages include both the salary figure (adjusted for inflation and wage increases over her work life) and the cost of replacing the home care she rendered to her family.


Noneconomic damages include pain, suffering, disability, disfigurement, and loss of the enjoyment of life. Although economic damages can be guided by hard numbers, juries are often left to decide what the value of a person’s pain or suffering is. Many states have limited the amounts that can be awarded for these elements of damage.


Punitive damages are damages that are awarded to punish wrongful conduct and deter future unlawful conduct. These damages are quite rare in medical negligence cases except for rare cases that involve alcohol or drug use by caregivers or systemic negligence that is equivalent to intentional conduct. Some states also limit these damages.




















Malpractice


Malpractice, as a form of negligence, can involve professional misconduct, unreasonable lack of skill or fidelity in professional duties, evil practice, or unethical conduct. There are three classifications of malpractice: (1) Criminal malpractice includes crimes such as assault and battery or euthanasia (handled in criminal court). (2) Civil malpractice includes negligence or practice below a reasonable standard (handled in civil court). (3) Ethical malpractice includes violations of professional ethics and may result in censure or disciplinary actions by licensure boards.








Intentional Torts


An intentional tort is a wrong perpetrated by someone who intends to break the law. In contrast, in negligence, the professional fails to exercise adequate care in doing what is otherwise permissible. The acts must be intentionally performed to produce the harm or must be performed with the belief that the result was likely to follow. These torts are more serious than the tort of negligence, in that the defendant intended to commit the wrong. Consequently, punitive and actual damages may be awarded. Examples of intentional torts are acts that involve defamation of character, invasion of privacy, deceit, infliction of mental distress, and assault and battery.


In the hospital, the unwarranted discussion of the patient’s condition, diagnosis, or treatment for purposes other than the exchange of information is always deemed suspect in regard to defamation of character. Under the general title of defamation of character are the torts of libel and slander. Slander is the verbal defamation of an individual by false words by which his or her reputation is damaged. Libel is printed defamation by written words, cartoons, and such representations to cause the individual to be avoided or held in contempt. Libel and slander do not exist unless they are seen or heard by a third person. If the practitioner directed such remarks only to the individual involved, it would not be slanderous; if the remark was made in the presence of a third party, it might constitute slander.


Caution in regard to unauthorized disclosure of patient information is especially critical in cases involving diseases such as AIDS, which often carries a high degree of medical and social stigma. Patients have the legal right to expect that all information about their illness would be held in strict confidence. Several states now have civil liability and criminal penalties for the release of confidential HIV test results in which the breach of confidence results in economic, psychologic, or bodily harm to the patient.


An assault is an intentional act that places another person in fear of immediate bodily harm. Threatening to injure someone is considered an act of assault. Battery represents unprivileged, nonconsensual physical contact with another person. In the classic act of assault and battery, one individual threatens and injures another.


Although battery is an unusual charge against a clinician (because of the nature of the work), it is one that creates special problems. The major element of battery is physical contact without consent. When a practitioner performs a procedure without the patient’s consent, this contact may be considered battery. In most instances, there is an implied consent, created when the patient solicits care from the physician. This implied consent allows the performance of ordinary procedures without written consent. In all cases of unusual, difficult, or dangerous procedures, such as surgery, the courts require written consent. For this reason, to avoid being accused of battery, RTs should always explain all procedures involving physical contact to their patients before they proceed.


There are two general defenses against intentional torts. The first defense is that there was a lack of intent to harm and that only clinicians who engage in intentional conduct are liable. For example, if a practitioner fainted during a procedure and caused the patient injury, he or she would not be liable because the action was involuntary. The second defense is that the patient gave consent to the procedure. If the patient consented to the action, knowing the risks involved, the practitioner would not be liable. Consent by the patient for both nonroutine and routine procedures should be obtained before care is rendered.














Strict Liability


Strict liability is a theory in tort law that can be used to impose liability without fault, even in situations where injury occurs under conditions of reasonable care. The most common cases of strict liability are cases involving the use of dangerous products or techniques. Courts have imposed this principle on medical equipment manufacturers and on hospitals. However, strict liability generally has not been extended to professional services.




















Breach of Contract


Breach of contract is a much rarer malpractice claim than negligence. This claim is based on the theory that when a health care professional renders care, an implicit or explicit professional-patient “contract” is established. Essentially, the contract binds the health care professional to place the patient’s welfare as the foremost concern, to act only in the patient’s behalf, to protect the patient’s life, to preserve the patient’s health, to relieve suffering, and to protect privacy. When the patient is injured as a result of the services rendered under this contract, the patient may claim that the failure of the health care professional to perform the service competently is a breach of the contract.


RTs are responsible for their actions, as are members of all other professions. When these actions result in the injury of another, the injured party may turn to the courts for redress. If the RT, while acting for the physician, injures the patient through some negligent act, the patient may sue both the RT and the physician.














Civil Suits


Civil action can be brought for many reasons, such as to challenge a law or to enjoin an activity. However, as in the case of malpractice suits, most civil suits seek monetary damages. The following scenario is an example of a situation that might involve the RT: The physician intends to order 0.5 ml of a bronchodilator for a 3-year-old asthmatic patient but inadvertently prescribes 5.0 ml of the drug. Because of the overdose given by the RT, the child dies.


A clearly articulated legal principle in negligence is that the duty owed to the patient is commensurate with the patient’s needs. In short, the more vulnerable the patient, the greater is the caregiver’s duty to protect. When the order is unclear or seems inappropriate under this principle, clinicians have an obligation to clarify rather than risk harm.


The suit could be brought against the physician for negligence for ordering the overdose, against the nurses and RT for failing to recognize that the dose was incorrect for the child, and, possibly, against the pharmacist for failing to gain adequate information as to the nature of the patient so that an appropriate dosage could be calculated. The plaintiff would base the secondary charges against the nurses and allied health practitioners on the theory that liability would be incurred by the individuals who missed an opportunity to correct the first wrongdoer’s mistake. The hospital’s risk management department and legal counsel can sometimes provide direction and counsel to the RT in the case of a civil suit. However, every respiratory care professional should have his or her own policy of malpractice insurance. Such insurance is available through the AARC, and it provides RTs with an attorney not only to represent them in the case of a malpractice lawsuit, but also in those rare instances where a professional board questions the conduct of the RT. Should a judgment result, it protects the RT not only from the plaintiff, but also from any settling defendant who attempts to point the finger at the RT. It is crucial that the RT adhere to professional legal advice and not try to “go it alone” in a malpractice case.




















Avoiding Lawsuits


There is no foolproof formula for avoiding lawsuits because the right to bring suit cannot be denied under the U.S. legal system. From a legal perspective, a practitioner should always adhere to the goal of delivering and documenting care in such a manner that (1) a legal cause of action would be difficult to develop, and (2) if a lawsuit were filed, the success of the lawsuit would be highly unlikely. Key components of this goal include being aware of and conforming to all legal requirements of licensure, institutional practice policies and procedures, and acceptable standards of care. In addition, institutional risk management processes should be an ongoing component of departmental operation and professional development. If the possibility of a lawsuit becomes a certainty, an alternative such as mediation might be an option. However, when any potential legal action surfaces, decisions should be made with full input of institutional risk management and legal counsel.


In recent years, the experience of several large hospital systems has suggested that active risk management practices and appropriate guest relations policies are two of the most effective tools in preventing malpractice litigation. Unhappy patients are identified quickly, and corrective action is implemented immediately. Good guest relations programs encourage listening that often results in better clinical decision making, preventing the malpractice that is at the heart of every medical malpractice lawsuit. The best malpractice policy money cannot buy is a good sound relationship with the patient that communicates to the patient that he or she is important and valued.




















Health Insurance Portability and Accountability Act of 1996


In August 1996, the U.S. Congress enacted HIPAA, which required, among other things, the establishment of Standards for Privacy of Individually Identifiable Health Information. These standards, which have become known as simply the Privacy Rule, added a major dimension to the need to treat medical records and information as confidential. The Privacy Rule was developed, with public comment and input, in the years following the enactment of HIPAA. The final rule was issued in March 2002. Updates to the Privacy Rule are likely to continue, making it imperative that the practitioner remain up-to-date with the latest requirements of the rule. The primary goal of the rule was to strike a balance between protecting individuals’ health information and not impeding the exchange of information needed to provide quality health care and protect the public’s health and well-being.16


The Privacy Rule applies to all health care providers, health plan providers (with some exceptions, such as small employer plans with <50 participants administered solely by the employer), and health care clearinghouses. An example of a health care clearinghouse is an entity that processes insurance claims for payment. Some of the exceptions are complex and are beyond the scope of this chapter. The practitioner in clinical practice need not be concerned with particular exceptions because, in most cases, basic patient confidentially requires a standard at least equal to the strictest interpretation of the Privacy Rule.16


The basic goal of the Privacy Rule is to protect all “individually identifiable health information,” commonly referred to as protected health information (PHI). Protected information includes any record or information that would or could identify or reveal (1) an individual’s past, present, or future physical or mental health or condition; (2) the provision of health care to the individual; or (3) the past, present, or future payment for the provision of health care to the individual. PHI includes information in any format, which may include patient charts (electronic or paper), faxes, e-mails, or other records. The Privacy Rule provides avenues for the normal and appropriate conduct of health care treatment and business for all “covered entities” and individuals and organizations that have a legitimate need to access and use the information. Consent of the individual is not required for these covered entities.16














Medical Supervision


RTs are required by their scope of practice to work under competent medical supervision. This requirement creates not only a professional relationship but also a legal one. If the RT is employed by the physician, the physician is liable for the RT’s actions. If the RT is employed by the hospital, the hospital is liable for the RT’s actions. Under the laws of some states, the supervising physician may still be liable even if the RT is employed by the hospital where the legal theory involves a failure to supervise. The legal framework for this liability is rooted in centuries-old common law. When tradesmen had apprentices and masters had servants, the negligence of the apprentice or servant was imputed to the master who controlled the action of the servants. Under modern law, an employer is deemed a master, and an employee is deemed a servant. This principle, sometimes called vicarious liability, is premised on this centuries-old concept expressed in Latin as respondeat superior (“let the master answer”).





Mini Clini


HIPAA





[image: image] Problem


You, the RT, are in Ms. Smith’s room tending to her respiratory equipment when the telephone rings. Ms. Smith as well as some of her family members are well known to you because of her many previous hospitalizations. During this hospitalization, Ms. Smith’s condition has progressively worsened and today has been a particularly bad day for her. At this point, she is having serious difficulty moving and even talking. As the telephone rings, she looks at you and in a barely audible voice asks you to please answer the telephone. You do so, and the person on the other end identifies herself as Ms. Smith’s granddaughter. You tell Ms. Smith that her granddaughter is on the telephone, but Ms. Smith simply looks away. You tell the granddaughter that Ms. Smith cannot talk right now and to call back later. The granddaughter asks you why Ms. Smith cannot talk, along with a series of specific questions about her condition.








Discussion


As the RT, how should you handle this situation?




1. What HIPAA guidelines, if any, are applicable in this case?


2. Because you know Ms. Smith and her family, is it permissible to answer the granddaughter’s questions?


3. To avoid alarming the granddaughter, should you say Ms. Smith is asleep or in the bathroom?











Under this doctrine, the physician assumes responsibility for the wrongful actions of the RT as long as such negligence occurred in the course of the employer-employee relationship. For this liability to be incurred, two conditions must be met: (1) The act must be within the scope of employment, and (2) the injury caused must be the result of an act of negligence. If the RT acted outside of his or her scope of practice, as outlined by licensure laws or by institutional regulations, the court would have to decide whether the physician would still be liable. If the RT, while in the patient’s room to deliver an aerosol treatment, went beyond the normal scope of practice and adjusted cervical traction, causing injury, it is doubtful that the physician could be held fully responsible. However, under the principle of respondeat superior, the hospital, as a corporate entity, could be held responsible for the actions of its employees.


Historically, RTs have not been named individually as defendants in malpractice cases because the law generally has not focused on their role as specialized health care providers separate from the health care facility. Either the hospital or the physician is usually named as the defendant for the acts of the practitioner. RTs in these cases have been viewed simply as employees, merely carrying out the orders of a superior. However, with the increased application of state licensure regulations governing respiratory care, and especially with the development of respiratory care protocols giving RTs more autonomy, this relative protection from liability is changing rapidly. As RTs are given more discretion and are permitted to exercise independent judgment, their decision making is likely to be more frequently called into question in court.








Scope of Practice


One measure of professionalism is the extent to which the group is willing to direct its own development and regulate its own activities. This self-direction is carried out mainly through professional associations and state licensure boards, which attempt to ensure that professionals exhibit minimum levels of competence.








Basic Elements of a Practice Act


Some practice acts emphasize one area over another, but most acts address the following elements:




• Scope of professional practice


• Requirements and qualifications for licensure


• Exemptions


• Grounds for administrative action


• Creation of examination board and processes


• Penalties and sanctions for unauthorized practice

















Licensure Laws and Regulations


In licensure legislation, there is always a clause specifying a scope of practice. The scope-of-practice statutes give general guidelines and parameters for the clinician’s practice. Deviation from these statutes could be a source of legal problems as the specialty seeks to add new duties. Practitioners must know the limits of their scope of care and seek amendments to the licensure regulations as they expand their practice. Ideally, the original language of a licensure law should be broad enough to account for changes in practice without requiring continual amendment. Continuing education and regular review of the practice act are essential to ensure compliance with both the statute and evolving rules of the practice act.














Providing Emergency Care Without Physician Direction


One unique area that allows practice without the direction of a competent physician is that of rendering emergency medical care to injured persons. Good Samaritan laws protect citizens from civil or criminal liability for any errors they make while attempting to give emergency aid. Most states have legislated Good Samaritan statutes to encourage individuals to give needed emergency medical assistance. It is necessary for this aid to be given in good faith and free of gross negligence or willful misconduct. However, it is unlikely that the RT would be protected for giving aid that went beyond the expected skills of the individual or aid that went beyond that which could be defined as first aid, such as performing a tracheostomy. Good Samaritan rules generally apply only to roadside accidents and emergency situations outside the hospital, although this is not always the case. The doctrine has sometimes been used by physicians inside a health care organization who respond to an emergency on a patient who is not their own. However, in California, the statute for respiratory care practitioners specifically extends protection only where the acts of the RT are “outside both the place and the course of employment…” (Cal. Bus. & Prof. Code § 3706).
































Interaction of Ethics and the Law


A good example of the interaction of ethics and the law in respiratory care is the diversification of the field into home care and durable medical equipment supply. This diversification has led to new relationships between these elements of the health care system and has created the potential for unethical and unlawful activity. If a practitioner accepts some remuneration, such as a finder’s fee or percentage of the total lease costs for referring patients to a particular home care company or equipment service, he or she should be prepared to face charges of unethical and perhaps illegal practice.


Several federal statutes address the legality of these types of transactions. Many states also have statutes. Generally, these statutes state that anyone who knowingly or willfully solicits, receives, offers, or pays directly or indirectly any remuneration in return for Medicare business is guilty of a criminal offense. Violation of these statutes carries the potential for prison or a substantial fine, or both. In addition, violation of the statutes by an organization can result in exclusion from Medicare and other federal health care programs.


In recent years, hospitals have been encouraged to appoint a corporate compliance officer (CCO) to oversee the hospital’s business practices and ensure that they conform to the law. In most hospitals with a working compliance plan, the CCO is freely available to discuss legal or ethical issues arising in the course of care. Appointed by the board of directors and reporting both to the hospital administration and to the board, the CCO can often address legal issues quickly and competently. Most hospitals use a toll-free anonymous number to allow employees who wish to remain anonymous to report wrongful activity. Most employees feel a loyalty to their organization and frequently use this method to address serious wrongdoing inside a facility. If the practitioner is aware of others who are engaged in these practices, he or she should report these activities to the appropriate state or federal health care agency. To aid the clinician in maintaining an ethical stance on these new issues, the AARC has established a position statement about ethical performance of respiratory home care.














Professional Licensure Issues


Because nearly every state has now passed some form of licensure for respiratory care practitioners, more RTs are being disciplined for various offenses related to the practice of respiratory care. Most RTs serve their entire professional careers and never have a problem with their professional boards. There are four significant things that RTs can be aware of now that would help prevent problems with their professional boards later.








Licensure Statute


All RTs should know in detail the requirements of their Respiratory Care Practice Act. They should know what is expected of them in terms of obtaining licensure and in the requirements to remain licensed. After receiving licenses, many professionals never look at their statute and never evaluate what actions are mandated by the rules and regulations enacted by their board. Some states by statute require that RTs report certain behavior.








§ 3758.5. Reporting Violations


If a licensee has knowledge that another person may be in violation of, or has violated, any of the statutes or regulations administered by the board, the licensee shall report this information to the board in writing and shall cooperate with the board in furnishing information or assistance as may be required.














California Respiratory Care Practice Act


Some states also require that employers make reports not only on individuals terminated for cause but also on the supervisors of the RTs.














§ 3758.6. Report on Supervisor







1. (a) In addition to the reporting required under Section 3758, an employer shall also report to the board the name, professional licensure type and number, and title of the person supervising the licensee who has been suspended or terminated for cause, as defined in subdivision (b) of Section 3758. If the supervisor is a licensee under this chapter, the board shall investigate whether due care was exercised by that supervisor in accordance with this chapter. If the supervisor is a health professional, licensed by another licensing board under this division, the employer shall report the name of that supervisor and any and all information pertaining to the suspension or termination for cause of the person licensed under this chapter to the appropriate licensing board.


2. (b) The failure of an employer to make a report required by this section is punishable by an administrative fine not to exceed $10,000 per violation.





The second thing all RTs should do to protect themselves against licensure issues is to purchase an insurance policy that covers professional discipline. Most policies available for purchase by RTs provide for coverage of both malpractice liability and professional discipline.




















Understanding the Causes of Discipline


A review of professional discipline cases available from publicly available sources, including the California Board for Respiratory Care, reveals that the most frequent causes of professional discipline are as follows:




• Substance abuse


• Domestic violence


• Sexual abuse


• Gross incompetence





Even in cases where the cause of discipline is rooted in domestic violence or sexual abuse of another person, some form of substance abuse is a contributing factor. Alcohol violations (DWI [driving while impaired]) are often the most frequent violation that brings an RT face-to-face with his or her professional board. RTs with alcoholism or a significant drug habit are almost certain to come before their professional board. Sometimes employers and supervisors take the position that as long as such a problem does not affect a person’s work at the facility, they should not address it. However, even in cases where an RT does not use drugs or alcohol at work, the disease process is affecting their judgment and decision making and should be addressed. A supervisor who fails to report a substance abuser of any kind is asking for legal trouble, in the form of either a damages lawsuit or a visit from the professional board. Academic respiratory care practitioners should be especially vigilant with students and should insist on substance abuse counseling for any student who appears to have such a problem.


Sometimes human resources personnel and administrators do not see the value in addressing these kinds of problems and may counsel against discipline for impaired workers. Sometimes supervisors, needing a warm body to fill positions, ignore the behaviors that should be red flags. Sometimes the human resources department may have made exceptions for other workers and fears that these exceptions may permit an inference of discrimination. None of these excuses would sound good to a jury.


Any good attorney would tell you that it is far better to defend a wrongful termination lawsuit than a wrongful death lawsuit. If you are wrong about the termination, the employee can be rehired. There is no remedy for the patient when an employee’s substance abuse leads to that patient’s death.














Engaging Counsel


If approached by the professional board, an RT should never talk to investigators without an attorney present. Every investigation is by its nature oppressive and burdensome, and an attorney ensures that the RT’s rights are respected and protected. Often in cases in which an RT has violated the professional code or engaged in conduct that merits discipline, an attorney can help negotiate a better resolution than the RT could without the help of a professional.




















Respiratory Therapists who Speak Out about Wrongdoing


RTs are in a unique position to help protect patients from multiple harms. Sometimes they have a duty to speak out about problems or issues in the department. Usually a CCO is the most effective way to effect change inside an organization. However, sometimes the person who speaks out and identifies a problem still faces retaliation. Several federal laws protect RTs who, because of their respect for ethical issues, speak out about wrongdoing.








Patient Protection and Affordable Care Act


In 2010, Congress passed the Patient Protection and Affordable Care Act (PPACA) in an attempt to reform health care. Challenges to the PPACA are still finding their way through the state and federal courts, and results to date have been mixed. One thing that the statute did was improve whistleblower protections for hospital workers. Section 1558 of the PPACA amends the Fair Labor Standards Act of 1938 (FLSA) by adding Section 18C, which provides that an employer cannot discriminate “against any employee with respect to his or her compensation, terms, conditions, or other privileges of employment” because the employee, among other things:




1. Provided, caused to be provided, or is about to provide or cause to be provided to the employer, the Federal Government, or the attorney general of a State information relating to the violation of, or any act or omission the employee reasonably believes to be a violation of, any provision of this title;


2. Actually did or is about to assist, participate, or testify in a proceeding about such violation; or


3. Objected to or refused to participate in any activity or task that the employee “reasonably believed” to be in violation of the statute or any rule or regulation promulgated under the statute.





Any employee who believes that he or she has been discharged or discriminated against in violation of Section 18C of the FLSA is entitled to seek relief using the same procedures provided in 15 U.S.C. §2087(b), which contains the extensive whistleblower protections contained in the Consumer Product Safety Improvement Act of 2008. These procedures include filing a complaint concerning discrimination or retaliation with the Department of Labor, going through an administrative process to determine whether the employee’s conduct protected by Section 18C was “a contributing factor in the unfavorable personnel action” alleged by the employee, and providing for the filing of a civil action in federal court after exhaustion of the administrative remedies provided by the statute.


Section 1558 explicitly limits application of Section 18C only to violations of the statute’s central provisions related to medical care in hospital and clinic settings. Employees who report fraud, waste, or violations in traditional health care settings fall under the protections afforded by Section 1558. In most cases, an employee needs legal advice to pursue remedies under this section of the FLSA.














National Labor Relations Act


Although the National Labor Relations Act (NLRA) is usually thought of as a “union” statute, the NLRA provides protections to hospital workers whether they are organized into a union or not. Specifically, the NLRA provides for protection where a worker engages in actions for the benefit of all employees. For example, when an RT approaches the supervisor on behalf of all the workers on the second shift to request that shift differentials be increased, that RT—who is engaged in what is called “protected concerted activity”—cannot be discharged for acting on behalf of the other RTs in the department. When an RT is discharged for such an offense, the RT has 180 days in which to make a complaint to the local office of the National Labor Relations Board. No attorney is necessary to make such a complaint.














False Claims Act


Buried in the banking section of the United States Code is a little-known statute called the False Claims Act (FCA) (31 USC § 3729). The statute forbids making false claims against the government and provides for severe sanctions for people who do. Someone making a false claim against a government health care program can be made to repay three times the amount of the false claim plus a civil penalty of $5500 to $11,000 per false claim. Similar to the whistleblower protections built into the PPACA, the FCA contains language that prevents retaliation against an employee who gathers information or supports a government case against his or her employer. Remedies may include reinstatement and back pay.


Perhaps the most powerful part of the statute is the part that permits an employee with knowledge of fraud or false billing to file a lawsuit against the company or organization engaging in fraud. For example, when an emergency medical technician (EMT) knows that his employer is giving away free ambulance services to nursing homes in exchange for the Medicare business of the nursing homes, the EMT could file an FCA case against the employer.


The government investigates such lawsuits and frequently intervenes in them. Where the government intervenes, the employee who blows the whistle stands to receive an award of up to 25% of the amount the government recovers. In recent years, the United States has recovered greater than $3 billion in fraudulently paid claims, most of which came from employees who blew the whistle on the fraud of their employers or competitors.




















Health Care and Change


The health care industry is experiencing rapid change relating to how services are funded and how patients and health care workers interact. These changes are occurring at the same time that ethical considerations are reemerging as significant components of how health care should be structured and delivered. Managed care affects the ethical decision-making process. Although the effect is not negative, it forces health care workers to take a new look at ethical dilemmas to arrive at both the best ethical outcome and the best managed care outcome. Patients no longer freely choose who will deliver health care services to them. Health care practitioners must consider not only the best services to deliver to patients but also the best managed care outcome.


If ethical reasoning is to be of any value, it must account for the reality of human experience and take into account changes in the health care system. Specific considerations include (1) factual premises and beliefs, such as the definition of death; (2) legal concepts, such as tort laws; (3) externally imposed mandates or expectations, such as hospital accreditation standards; and (4) the best managed care outcome. In many instances, such considerations uphold our moral convictions and provide support for a given action. The real challenge to RTs arises when moral principles dictate one course of action and factual knowledge, legal concepts, or external expectations dictate another.


Socrates demanded that professionals acknowledge the social context of their activities and that they recognize their obligations toward the segment of society that they profess to serve. As our analysis of ethical reasoning and the law has made clear, only by identifying, justifying, and prioritizing basic principles of human values can the RT resolve the difficult questions of professional behavior consistently. To the extent that clearly articulated principles guide our choices and actions, all involved will be well served.





[image: image] Rule of Thumb


The letters RCP are used to indicate respiratory care practitioner. They also suggest three important characteristics of the RT when confronted with ethical dilemmas:




Respect


Compassion


Professionalism














Health Care Advance Directives


In recognition of the right of competent adults to exercise choices concerning their health care, all 50 states and the District of Columbia have adopted some form of health care advance directives. Although the federal government acknowledged the need for advance directives with the 1991 Patient Self-Determination Act by requiring that all hospitals receiving Medicaid or Medicare funds ascertain whether patients have or wish to have advance directives, the advance directive instruments are state regulated.





Summary Checklist







• Ethical dilemmas occur when there are two equally desirable or equally undesirable choices. Ethical dilemmas may involve situations that are either legal or illegal.


• Ethical dilemmas in respiratory care involve scope of practice, confidentiality, working within levels of professional responsibility, professional development issues, staffing patterns, or recordkeeping.


• Professional codes of ethics are general guidelines established to identify ideal behavioral parameters by members of a professional group. These codes are often simplistic and tend to deal with behavior over which there is little disagreement.


• Traditional ethical principles are rooted in philosophical thought and include autonomy, beneficence, confidentiality, role fidelity, justice, nonmaleficence, and veracity. These principles are used in the ethical decision-making process.


• There are two basic ethical theories: formalism and consequentialism. The most commonly used ethical decision-making model is the mixed approach. The mixed approach combines components of formalism, consequentialism, and modern decision-making theory.


• The basic information that must be identified before a reasoned ethical decision is made includes the problem or issue, the individuals involved, and the ethical principle or principles that apply; a determination of who should make the decision; and the role of the practitioner.


• Public law deals with the relationships of private parties and the government. Civil law is concerned with the recognition and enforcement of the rights and duties of private individuals and organizations.


• Professional malpractice is negligence in which a professional has failed to provide the care expected, resulting in harm to someone. Examples of situations that RTs might encounter include attempting procedures beyond the practitioner’s skill level, failure to perform a duty as assigned, or failure to perform the duty correctly.


• RTs, similar to members of other professions, are responsible for their actions. If their actions result in injury to others, the injured party or parties are entitled to seek redress in the courts.


• A professional license provides a framework under which a licensee carries out his or her duties. Because licensure acts define who can perform specified duties, it is expected that the duties will be performed in a responsible manner, and the professional will be responsible for his or her actions. The purpose of licensure is to provide for the public’s safety. Practitioners must carry out their duties with an eye toward defending themselves in the case of legal action.


• Patients today are better educated and hold higher expectations from health care practitioners. Many patients are assuming responsibility for their own health care, placing the health care practitioner into the role of consultant.
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Chapter Objectives


After reading this chapter you will be able to:


[image: image] Describe the properties that characterize the three states of matter.


[image: image] Describe how heat transfer occurs among substances.


[image: image] Identify the three common temperature scales and explain how to use them.


[image: image] Describe how substances undergo change of state.


[image: image] Identify the factors that influence the vaporization of water.


[image: image] Describe how water vapor capacity, absolute humidity, and relative humidity are related.


[image: image] Describe how to predict gas behavior under changing conditions, including at extremes of temperature and pressure.


[image: image] Describe the principles that govern the flow of fluids.
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States of Matter


There are three primary states of matter: solid, liquid, and gas. Figure 6-1, A-C depicts simplified models of these states of matter.




[image: image]


FIGURE 6-1 Simplified models of the four states of matter. A, Solid. B, Liquid. C, Gas. D, Plasma.








Solids have a fixed volume and shape. The molecules that make up the solid have the shortest distance to travel until they collide with one another. This motion has been referred to as a “jiggle.” Solids have a high degree of internal order; their atoms or molecules are limited to back-and-forth motion about a central position, as if held together by springs (see Figure 6-1, A). Solids maintain their shape because their atoms are kept in place by strong mutual attractive forces, called van der Waals forces.1


Liquids have a fixed volume, but adapt to the shape of their container. If a liquid is not held within a container, the shape is determined by numerous internal and external forces. Liquid molecules exhibit mutual attraction. However, because these forces are much weaker in liquids than in solids, liquid molecules can move about freely (see Figure 6-1, B). This freedom of motion explains why liquids take the shape of their containers and are capable of flow. However, similar to solids, liquids are dense and cannot be compressed easily.


In a gas, molecular attractive forces are very weak. Gas molecules, which lack restriction to their movement, exhibit rapid, random motion with frequent collisions (see Figure 6-1, C). Gases have no inherent boundaries and are easily compressed and expanded. Similar to liquids, gases can flow. For this reason, both liquids and gases are considered fluids. Gases have no fixed volume or shape. Both of these qualities depend on local conditions for the gas.


Plasma has been referred to as a fourth state of matter. Plasma is a combination of neutral atoms, free electrons, and atomic nuclei. Plasmas can react to electromagnetic forces and flow freely similar to a liquid or a gas (see Figure 6-1, D). Although mentioned here for the sake of completeness, plasmas are not discussed further because at this time they are not known to be relevant to the practice of respiratory care.








Internal Energy of Matter


All matter possesses energy. The energy matter possesses is called internal energy. There are two major types of internal energy: (1) the energy of position, or potential energy, and (2) the energy of motion, or kinetic energy.


The atoms of all matter, at ordinary temperatures, are in constant motion.2 All matter has some kinetic energy. However, most internal energy in solids and liquids is potential energy. This potential energy is a result of the strong attractive forces between molecules. These intermolecular forces cause rigidity in solids and cohesiveness and viscosity in liquids. In contrast, because these attractive forces are so weak in gases, most internal energy in gases is kinetic energy.














Heat and the First Law of Thermodynamics


The term thermodynamics can refer to either the science studying the properties of matter at various temperatures or the kinetics (speed) of reactions of matter at various temperatures. From the science of thermodynamics, various principles have been described (laws of thermodynamics). Knowing the basics of these principles is helpful in understanding other aspects of respiratory care.


According to the first law of thermodynamics, energy can be neither created nor destroyed, only transformed in nature. Any energy a substance gains must exactly equal the energy lost by its surroundings. Conversely, if a substance loses energy, this loss must be offset by an equal gain in the energy of its surroundings. This is stated as a simple formula:


U=E+W


[image: image]


where U is the internal energy of an object, E is the energy transferred to or from the object, and W is the external work performed on the object. In this sense, the quantity E is equivalent to heat. Heating is the transfer of internal energy from a high-temperature object to a low-temperature object. Based on this formula, you can increase the internal energy of an object by heating it or by performing work on it.














Heat Transfer


When two objects exist at different temperatures, the first law of thermodynamics tells us that heat will move from the hotter object to the cooler object until the objects’ temperatures are equal. This is an example of transitioning from a higher state of order to a lower state. Two objects with the same temperature exist in thermal equilibrium. This heat transfer can be affected in four ways: (1) conduction, (2) convection, (3) radiation, and (4) evaporation and condensation.








Conduction


Heat transfer in solids occurs mainly via conduction. Conduction is the transfer of heat by direct contact between hot and cold molecules. How well heat transfers by conduction depends on both the number and the force of molecular collisions between adjoining objects.


Heat transfer between objects is quantified by using a measure called thermal conductivity. Table 6-1 lists the thermal conductivities of selected substances in cgs (centimeter-gram-second) system units. As is evident, solids, in particular, metals, tend to have high thermal conductivity. This is why metals feel cold to the touch even when at room temperature. In this case, the high thermal conductivity of metal quickly draws heat away from the skin, creating a feeling of “cold.” In contrast, with fewer molecular collisions than in solids and liquids, gases exhibit low thermal conductivity.




TABLE 6-1


Thermal Conductivities in (cal/sec)/(cm2 °C/cm)








	Material

	Thermal Conductivity (k)










	Silver

	1.01






	Copper

	0.99






	Aluminum

	0.50






	Iron

	0.163






	Lead

	0.083






	Ice

	0.005






	Glass

	0.0025






	Concrete

	0.002






	Water at 20° C

	0.0014






	Asbestos

	0.0004






	Hydrogen at 0° C

	0.0004






	Helium at 0° C

	0.0003






	Snow (dry)

	0.00026






	Fiberglass

	0.00015






	Cork board

	0.00011






	Wool felt

	0.0001






	Air at 0° C

	0.000057









From Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.

















Convection


Heat transfer in both liquids and gases occurs mainly by convection. Convection involves the mixing of fluid molecules at different temperatures. Although air is a poor heat conductor (see Table 6-1), it can efficiently transfer heat by convection. To do so, the air is first warmed in one location and then circulated to carry the heat elsewhere; this is the principle behind forced-air heating in houses and convection heating in infant incubators. Fluid movements carrying heat energy are called convection currents.














Radiation


Radiation is another mechanism for heat transfer. Conduction and convection require direct contact between two substances, whereas radiant heat transfer occurs without direct physical contact. Heat transfer by radiation occurs even in a vacuum, such as when the sun warms the earth.


The concept of radiant energy is similar to that of light. Radiant energy given off by objects at room temperature is mainly in the infrared range, which is invisible to the human eye. Objects such as an electrical stove burner or a kerosene heater radiate some of their energy as visible light. In the clinical setting, radiant heat energy is commonly used to keep newborn infants warm.


The following formula defines the rate at which an object gains or loses heat by radiation:


Et=ekA (T2−T1)[image: image]

In this formula, E/t is the heat loss or gain per unit time. The symbol e is the emissivity of the object, or its relative effectiveness in radiating heat. The constant k is the Stefan-Boltzmann constant (based on mass and surface area). A is the area of the radiating object, and T1 and T2 are the temperatures of the environment and the object. In simple terms, for an object with a given emissivity, the larger the surface area (relative to mass) and the lower the surrounding temperature, the greater is the radiant heat loss per unit time.














Evaporation and Condensation


Vaporization is the change of state from liquid to gas. Vaporization requires heat energy. According to the first law of thermodynamics, this heat energy must come from the surroundings. In one form of vaporization, called evaporation, heat is taken from the air surrounding the liquid, cooling the air. In warm weather or during strenuous exercise, the body takes advantage of this principle of evaporation cooling by producing sweat. The liquid sweat evaporates and cools the skin.


Condensation is the opposite of evaporation. During condensation, a gas turns back into a liquid. Because vaporization takes heat from the air around a liquid (cooling), condensation must give heat back to the surroundings (warming). A refrigerator works on the principle of repeated vaporization cycles. As the food in the cooler passes its warmth to the cooler condensed refrigerant, it provides enough heat to cause it to vaporize. Sufficient energy is provided for the material to vaporize and expand, which cools the system, and the cycle repeats. The next section expands on the concept of change of state and provides more detail on the processes of vaporization and condensation.




















Laws of Thermodynamics


Three physical principles describe how energy is handled and transferred. These principles are known as the laws of thermodynamics.3,4




1. The law of conservation of energy states that energy cannot be created or destroyed. This law is usually stated as follows: The total amount of energy in a system is equal to the amount of heat put into the system minus the work.


2. The principle of thermodynamic equilibrium is that given time all systems achieve the lowest possible energy state (entropy).


3. The third law is a statistical law describing the impossibility of achieving absolute zero. As stated in the third law, at absolute zero all processes cease, and entropy is at a minimum value.











Internal Energy and Temperature


Two interrelated terms are significant when discussing thermodynamics: entropy and enthalpy. Entropy is the amount of energy in a system that is unavailable for work. Entropy is the lowest amount of organization that a system can achieve (chaos). Enthalpy is the total measure of energy in the system. Enthalpy can be considered to be the order of a system. Temperature and kinetic energy are closely related.2 Temperature is a measurement of heat. Heat is the result of molecules colliding with one another. The temperature of a gas, with most of its internal energy spent keeping molecules in motion, is directly proportional to its kinetic energy. In contrast, the temperatures of solids and liquids represent only part of their total internal energy.














Absolute Zero


In concept, absolute zero is the lowest possible temperature that can be achieved. That is the temperature at which there is no kinetic energy. Because there is no energy, the molecules cease to vibrate, and the object has no heat that can be measured. This temperature is defined to be absolute zero. Although researchers have come close to attaining absolute zero, no one has actually achieved it; this is due to the third law of thermodynamics, which states absolute zero is impossible to achieve.














Temperature Scales


Multiple scales can be used to measure temperature. The Fahrenheit and Celsius scales are based on a property of water. A third scale, the Kelvin scale, is based on molecular motion. Absolute zero provides a logical zero point on which to build a temperature scale. The SI (International System of Units) units for temperature are measured in kelvin (K) with a lower case “k,” with a zero point equal to absolute zero (0° K).5-7 Because the Kelvin scale has 100 degrees between the freezing and boiling points of water, it is a centigrade, or 100-step, temperature scale. The Kelvin scale has the unique quality of being based on the triple point definition for water (the temperature where all three phases of water exist). This temperature happens to be approximately 273° K (0.0° C).5-7


The cgs temperature system is based on Celsius (C) units. Similar to the Kelvin scale, the Celsius scale is a centigrade scale (100 degrees between the freezing and boiling points of water). However, 0° C is not absolute zero but instead is the freezing point of water.


In Celsius units, kinetic molecular activity stops at approximately −273° C. Therefore 0° K equals −273° C, and 0° C equals 273° K. To convert degrees Celsius to degrees Kelvin, simply add 273:


°K=°C+273


[image: image]


For example:


25°C=25+273=298°K


[image: image]


Conversely, to convert degrees Kelvin to Celsius, you simply subtract 273. For example:


310°K=310−273=37°C[image: image]

The Fahrenheit scale is the primary temperature scale in the fps (foot, pound, and second) or British system of measurement. Absolute zero on the Fahrenheit scale equals −460° F.


To convert degrees Fahrenheit to degrees Celsius, use the following formula:


°C=59(°F−32)


[image: image]


For example:


°F=98.6


[image: image]


°C=59×(98.6−32)


[image: image]


°C=37


[image: image]


To convert degrees Celsius to degrees Fahrenheit, simply reverse this formula:


°F=(95×°C)+32


[image: image]


For example:


°C=100


[image: image]


°F=(95×100)+32


[image: image]


°F=212


[image: image]


Figure 6-2 shows the relationship between the kinetic activity of matter and temperature on all three common temperature scales. For ease of reference, five key points are defined: the zero point of each scale, the freezing point of water (0° C), body temperature (37° C), and the boiling point of water (100° C).




[image: image]


FIGURE 6-2 Linear relationship between gas molecular activity, or pressure, and temperature. The graph shows comparable readings on three scales for five temperature points.
































Change of State


All matter can change state. Because respiratory therapists (RTs) work extensively with both liquids and gases, they must have a good understanding of the key characteristics of these states and the basic processes underlying their phase changes.








Liquid-Solid Phase Changes (Melting and Freezing)


When a solid is heated, its molecular kinetic energy increases. This added internal energy increases molecular vibrations. If enough heat is applied, these vibrations eventually weaken the intermolecular attractive forces. At some point, molecules break free of their rigid structure, and the solid changes into a liquid.








Melting


The changeover from the solid to liquid state is called melting. The temperature at which this changeover occurs is the melting point.2 The range of melting points is considerable. For example, water (ice) has a melting point of 0° C, carbon has a melting point of greater than 3500° C, and helium has a melting point of less than −272° C.


Figure 6-3 depicts the phase change caused by heating water. At the left origin of −50° C, water is solid ice. As the ice is heated, its temperature increases. At its melting point of 0° C, ice begins to change into liquid water. However, the full change to liquid water requires additional heat. This additional heat energy changes the state of water but does not immediately change its temperature.




[image: image]


FIGURE 6-3 Temperature as a function of time for 1 g of water heated at the rate of 1 cal/sec. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








The extra heat needed to change a solid to a liquid is the latent heat of fusion. In cgs units, the latent heat of fusion is defined as the number of calories required to change 1 g of a solid into a liquid without changing its temperature. The latent heat of fusion of ice is 80 cal/g, whereas the latent heat of fusion of oxygen is 3.3 cal/g. This change of state, compared with simply heating a solid, requires enormous energy.














Freezing


Freezing is the opposite of melting. Because melting requires large amounts of externally applied energy, you would expect freezing to return this energy to the surroundings, and this is exactly what occurs. During freezing, heat energy is transferred from a liquid back to the environment, usually by exposure to cold.


As the kinetic energy of a substance decreases, its molecules begin to regain the stable structure of a solid. According to the first law of thermodynamics, the energy required to freeze a substance must equal that needed to melt it. The freezing and melting points of a substance are the same.


Sublimation is the term used for the phase transition from a solid to a vapor without becoming a liquid as an intermediary form. An example of sublimation is dry ice (frozen carbon dioxide [CO2]). Dry ice sublimates from its solid form into gaseous CO2 without first melting and becoming liquid CO2. This sublimation occurs because the vapor pressure is low enough for the intermediate liquid not to appear.




















Properties of Liquids


Liquids exhibit flow and assume the shape of their container. Liquids also exert pressure, which varies with depth and density. Variations in liquid pressure within a container produce an upward supporting force, called buoyancy.


Although melting weakens intermolecular bonding forces, liquid molecules still attract one another. The persistence of these cohesive forces among liquid molecules helps explain the physical properties of viscosity, capillary action, and surface tension.








Pressure in Liquids


Liquids exert pressure. The pressure exerted by a liquid depends on both its height (depth) and weight density (weight per unit volume), which is shown in equation form:


PL=h×dw


[image: image]


PL is the static pressure exerted by the liquid, h is the height of the liquid column, and dw is the liquid’s weight density.


For example, to compute the pressure at the bottom of a 33.9-ft (1034-cm)-high column of water (density = 1 g/cm3), you would use this equation:


PL=h×dw


[image: image]


=1034 cm×(1g/cm3)


[image: image]


=1034g/cm2


[image: image]


The answer (1034 g/cm2) also equals 1 atmosphere of pressure (atm), or approximately 14.7 lb/in2. This figure does not account for the additional atmospheric pressure (PB) acting on the top of the liquid. The total pressure at the bottom of the column equals the sum of the atmospheric and liquid pressures. In this case, the total pressure is 2068 g/cm2, equal to 29.4 lb/in2, or 2 atm.


As shown in Figure 6-4, the pressure of a given liquid is the same at any specific depth (h), regardless of the container’s shape. This is because the pressure of a liquid acts equally in all directions. This concept is called Pascal’s principle.




[image: image]


FIGURE 6-4 Pascal’s principle. Liquid pressure depends only on the height (h) and not on the shape of the vessel or the total volume of liquid. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)




















Buoyancy (Archimedes’ Principle)


Thousands of years ago, Archimedes showed that an object submersed in water appeared to weigh less than in air. This effect, called buoyancy, explains why certain objects float in water. Liquids exert buoyant force because the pressure below a submerged object always exceeds the pressure above it. This difference in liquid pressure creates an upward or supporting force. According to Archimedes’ principle, this buoyant force must equal the weight of the fluid displaced by the object. Because the weight of fluid displaced by an object equals its weight density times its volume (dw = V), the buoyant force (B) may be calculated as follows:


B=dw×V


[image: image]


If the weight density of an object is less than that of water (1 g/cm3), it will displace a weight of water greater than its own weight. In this case, the upward buoyant force will overcome gravity, and the object will float. Conversely, if an object’s weight density exceeds the weight of water, the object will sink.


Clinically, Archimedes’ principle is used to measure the specific gravity of certain liquids. The term specific gravity refers to the ratio of the density of one fluid compared with the density of another reference substance, which is typically water. Figure 6-5 shows the use of a hydrometer to measure the specific gravity of urine. The specific gravity of gases also can be measured. In this case, oxygen or hydrogen is used as the standard instead of water.




[image: image]


FIGURE 6-5 Using a hydrometer to measure the specific gravity of a urine specimen. The scale value of 1.025 indicates that this urine sample has a weight density 1.025 times greater than that of water.








Gases also exert buoyant force, although much less than that provided by liquids. Buoyancy helps keep solid particles suspended in gases. These suspensions, called aerosols, play an important role in respiratory care. More detail on the characteristics and use of aerosols is provided in Chapter 35.














Viscosity


Viscosity is the force opposing a fluid’s flow. Viscosity in fluids is similar to friction in solids. The viscosity of a fluid is directly proportional to the cohesive forces between its molecules. The stronger these cohesive forces are, the greater the fluid’s viscosity. The greater a fluid’s viscosity, the greater its resistance to deformation, and the greater its opposition to flow.


Viscosity is most important when fluids move in discrete cylindrical layers, called streamlines. This pattern of motion is called laminar flow. As shown in Figure 6-6, frictional forces between the streamlines and the tube wall impede movement of the outer layers of a fluid. Each layer, moving toward the center of the tube, hinders the motion of the next inner layer less and less. Laminar flow consists of concentric layers of fluid flowing parallel to the tube wall at velocities that increase toward the center.




[image: image]


FIGURE 6-6 Effects of shear stress or pressure (P) on shear rate (velocity gradient [v]) in a Newtonian fluid. (Modified from Winters WL, Brest AN, editors: The microcirculation, Springfield, IL, 1969, Charles C Thomas.)








The difference in the velocity among these concentric layers is called the shear rate. The shear rate is simply a measure of how easily the layers separate. How easily the layers separate depends on two factors: (1) the pressure pushing or driving the fluid, called the shear stress; and (2) the viscosity of the fluid. Shear rate is directly proportional to shear stress and inversely proportional to viscosity.


In uniform fluids such as water or oil, viscosity varies with temperature. Because higher temperatures weaken the cohesive forces between molecules, heating a uniform fluid reduces its viscosity. Conversely, cooling a fluid increases its viscosity. This is why a car’s engine is so hard to start on a cold winter morning. The oil becomes so viscous that it impedes movement of the engine’s parts.


Blood, in contrast to water or oil, is a complex fluid that contains not only liquid (plasma, which is 90% water) but also cells in suspension. For this reason, blood has a viscosity approximately five times greater than the viscosity of water. The greater the viscosity of a fluid, the more energy is needed to make it flow. The heart works harder to pump blood than it would if it were pumping water. The heart must perform even more work when blood viscosity increases, as occurs in polycythemia (an increase in red blood cell concentration in the blood).














Cohesion and Adhesion


The attractive force between like molecules is called cohesion. The attractive force between unlike molecules is called adhesion. These forces can be observed at work by placing a liquid in a small-diameter tube. As shown in Figure 6-7, the top of the liquid forms a curved surface, or meniscus. When the liquid is water, the meniscus is concave because the water molecules at the surface adhere to the glass more strongly than they cohere to each other (see Figure 6-7A). In contrast, a mercury meniscus is convex (see Figure 6-7B). In this case, the cohesive forces pulling the mercury atoms together exceed the adhesive forces trying to attract the mercury to the glass.




[image: image]


FIGURE 6-7 The shape of the meniscus depends on the relative strengths of adhesion and cohesion. A, Water: Adhesion stronger than cohesion. B, Mercury: Cohesion stronger than adhesion.




















Surface Tension


Surface tension is a force exerted by like molecules at the surface of a liquid. A small drop of fluid provides a good illustration of this force. As shown in Figure 6-8, cohesive forces affect molecules inside the drop equally from all directions. However, only inward forces affect molecules on the surface. This imbalance in forces causes the surface film to contract into the smallest possible surface area, usually a sphere or curve (meniscus). This phenomenon explains why liquid droplets and bubbles retain a spherical shape.




[image: image]


FIGURE 6-8 The force of surface tension in a drop of liquid. Cohesive force (arrows) attracts molecules inside the drop to one another. Cohesion can pull the outermost molecules inward only, creating a centrally directed force that tends to contract the liquid into a sphere.








Surface tension is quantified by measurement of the force needed to produce a “tear” in a fluid surface layer. Table 6-2 lists the surface tensions of selected liquids in dynes/cm (cgs). For a given liquid, surface tension varies inversely with temperature: The higher the temperature, the lower is the surface tension.




TABLE 6-2


Examples of Surface Tension










	Substance

	Temperature (° C)

	Surface Tension (dynes/cm)










	Water

	20° C

	73






	Water

	37° C

	70






	Whole blood

	37° C

	58






	Plasma

	37° C

	73






	Ethyl alcohol

	20° C

	22






	Mercury

	17° C

	547














[image: image]








Surface tension, similar to a fist compressing a ball, increases the pressure inside a liquid drop or bubble. According to Laplace’s law, this pressure varies directly with the surface tension of the liquid and inversely with its radius. The equation for a liquid bubble follows:


P=2STr


[image: image]


P is the pressure in the bubble, ST is the surface tension, and r is the bubble radius. Figure 6-9 shows this relationship for two bubbles of different sizes, each with the same surface tension.




[image: image]


FIGURE 6-9 Laplace’s relationship. Two bubbles of different sizes with the same surface tension. Bubble A, with the smaller radius, has the greater inward or deflating pressure and is more prone to collapse than the larger bubble B. Because the two bubbles are connected, bubble A would tend to deflate and empty into bubble B. Conversely, because of the greater surface tension of bubble A, it would be harder to inflate than bubble B.








Because the alveoli of the lungs resemble clumps of bubbles, it follows that surface tension plays a key role in the mechanics of ventilation (see Chapter 10). Abnormalities in alveolar surface tension occur in certain clinical conditions, such as acute respiratory distress syndrome. These abnormalities may result in collapse of alveoli secondary to high surface tension.














Capillary Action


Capillary action is a phenomenon in which a liquid in a small tube moves upward, against gravity. Capillary action involves both adhesive and surface tension forces. As shown in Figure 6-10, A, the adhesion of water molecules to the walls of a thin tube causes an upward force on the edges of the liquid and produces a concave meniscus.




[image: image]


FIGURE 6-10 Capillary action. A, Adhesion and surface tension contribute to capillary action (capillarity). B, The liquid rises highest in the smallest tube. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








Because surface tension acts to maintain the smallest possible liquid-gas interface, instead of just the edges of the liquid moving up, the whole surface is pulled upward. How strong this force is depends on the amount of liquid that contacts the tube’s surface. Because a small capillary tube creates a more concave meniscus and a greater area of contact, liquid rises higher in tubes with smaller cross-sectional areas (see Figure 6-10, B).


Capillary action is the basis for blood samples obtained by use of a capillary tube. The absorbent wicks used in some gas humidifiers are also an application of this principle, as are certain types of surgical dressings.




















Liquid-Vapor Phase Changes


Only after ice completely melts does additional heat increase the temperature of the newly formed liquid (see Figure 6-3). As the water temperature reaches 100° C, a new change of state begins—from liquid to vapor. This change of state is called vaporization. There are two different forms of vaporization: boiling and evaporation.








Boiling


Boiling occurs at the boiling point. The boiling point of a liquid is the temperature at which its vapor pressure exceeds atmospheric pressure. When a liquid boils, its molecules must have enough kinetic energy to force themselves into the atmosphere against the opposing pressure. Because the weight of the atmosphere retards the escape of vapor molecules, the greater the ambient pressure, the greater is the boiling point. Conversely, when atmospheric pressure is low, liquid molecules escape more easily, and boiling occurs at lower temperatures. This is why cooking times must be increased at higher altitudes.


Although boiling is associated with high temperatures, the boiling points of most liquefied gases are very low. At 1 atm, oxygen boils at −183° C.


Energy is also needed to vaporize liquids, as with other phase changes. The energy required to vaporize a liquid is the latent heat of vaporization. In cgs units, the latent heat of vaporization is the number of calories required to vaporize 1 g of a liquid at its normal boiling point.


Melting weakens attractive forces between molecules, whereas vaporization eliminates them. Elimination of these forces converts essentially all of the internal energy of a substance into kinetic energy. For this reason, vaporization requires substantially more energy than melting. As shown in Figure 6-3, almost seven times more energy is needed to convert water to steam (540 cal/g) than is needed to melt ice.














Evaporation, Vapor Pressure, and Humidity


Boiling is only one type of vaporization. A liquid also can change into a gas at temperatures lower than its boiling point through a process called evaporation. Water is a good example (Figure 6-11). When at a temperature lower than its boiling point, water enters the atmosphere via evaporation. The liquid molecules are in constant motion, as in the gas phase. Although this kinetic energy is less intense than in the gaseous state, it allows some molecules near the surface to escape into the surrounding air as water vapor (see Figure 6-11, A).




[image: image]


FIGURE 6-11 Factors influencing vaporization of water. See text for details.








After water is converted to a vapor, it acts like any gas. To be distinguished from visible particulate water, such as mist or fog, this invisible gaseous form of water is called molecular water. Molecular water obeys the same physical principles as other gases and exerts a pressure called water vapor pressure.


Evaporation requires heat. The heat energy required for evaporation comes from the air next to the water surface. As the surrounding air loses heat energy, it cools. This is the principle of evaporative cooling, which was previously described.


If the container is covered, water vapor molecules continue to enter the air until it can hold no more water (see Figure 6-11, B). At this point, the air over the water is saturated with water vapor. However, vaporization does not stop when saturation occurs. Instead, for every molecule escaping into the air, another returns to the water reservoir. These conditions are referred to as a state of equilibrium.








Influence of Temperature


No other factor influences evaporation more than temperature. Temperature affects evaporation in two ways. First, the warmer the air, the more vapor it can hold. Specifically, the capacity of air to hold water vapor increases with temperature. The warmer the air contacting a water surface, the faster is the rate of evaporation.


Second, if water is heated, its kinetic energy is increased, and more molecules are helped to escape from its surface (see Figure 6-11, C). Last, if the container of heated water is covered, the air again becomes saturated (see Figure 6-11, D). However, the heated saturated air, compared with the unheated air (see Figure 6-11, B), now contains more vapor molecules and exerts a higher vapor pressure (as shown by the manometer in Figure 6-11, D). The temperature of a gas affects both its capacity to hold molecular water and the water vapor pressure.


The relationship between water vapor pressure and temperature is shown graphically in Figure 6-12. The left vertical axis plots water vapor pressure in both mm Hg and kPa (kilopascal). The horizontal axis plots temperatures between 0° C and 70° C. This graph shows that the greater the temperature, the greater the saturated water vapor pressure (bold red dots). Table 6-3 lists actual water vapor pressures in saturated air in the clinical range of temperatures (20° C to 37° C).




TABLE 6-3


Water Vapor Pressures and Contents at Selected Temperatures










	Temperature (° C)

	Vapor Pressure (mm Hg)

	Water Vapor Content (mg/L)

	ATPS to BTPS Correction Factor*











	20

	17.50

	17.30

	1.102






	21

	18.62

	18.35

	1.096






	22

	19.80

	19.42

	1.091






	23

	21.10

	20.58

	1.085






	24

	22.40

	21.78

	1.080






	25

	23.80

	23.04

	1.075






	26

	25.20

	24.36

	1.068






	27

	26.70

	25.75

	1.063






	28

	28.30

	27.22

	1.057






	29

	30.00

	28.75

	1.051






	30

	31.80

	30.35

	1.045






	31

	33.70

	32.01

	1.039






	32

	35.70

	33.76

	1.032






	33

	37.70

	35.61

	1.026






	34

	39.90

	37.57

	1.020






	35

	42.20

	39.60

	1.014






	36

	44.60

	41.70

	1.007






	37

	47.00

	43.80

	1.000














[image: image]





*Correction factors are based on 760 mm Hg pressure.
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FIGURE 6-12 Water vapor pressure ([image: image]) and absolute humidity (mg H2O/L) curves for gas that is fully saturated (relative humidity [RH] = 100%) and gas that is half saturated (RH = 50%).




















Humidity


Water vapor pressure represents the kinetic activity of water molecules in air. For the actual amount or weight of water vapor in a gas to be found, the water vapor content or absolute humidity must be measured.


Absolute humidity (AH) can be measured by weighing the water vapor extracted from air using a drying agent. Alternatively, absolute humidity can be computed with meteorologic data according to the techniques of the U.S. Weather Bureau. The common unit of measure for absolute humidity is milligrams of water vapor per liter of gas (mg/L). Absolute humidity values for saturated air at various temperatures are plotted against the right vertical axis of Figure 6-12, using hash marks. The middle column of Table 6-3 lists these absolute humidity values for saturated air between 20° C and 37° C.


A gas does not need to be fully saturated with water vapor. If a gas is only half saturated with water vapor, its water vapor pressure and absolute humidity are only half that in the fully saturated state. Air that is fully saturated with water vapor at 37° C and 760 mm Hg has a water vapor pressure of 47 mm Hg and an absolute humidity of 43.8 mg/L (see Table 6-3). However, if the same volume of air were only 50% saturated with water vapor, its water vapor pressure would be 0.50 × 47 mm Hg, or 23.5 mm Hg, and its absolute humidity would be 0.50 × 43.8 mg/L, or 21.9 mg/L.


When a gas is not fully saturated, its water vapor content can be expressed in relative terms using a measure called relative humidity (RH). The RH of a gas is the ratio of its actual water vapor content to its saturated capacity at a given temperature. RH is expressed as a percentage and is derived with the following simple formula:


%RH=Content(absolute humidity)Saturated capacity×100


[image: image]


For example, saturated air at a room temperature of 20° C has the capacity to hold 17.3 mg/L of water vapor (see Table 6-3). If the absolute humidity is 12 mg/L, the RH is calculated as follows:


% RH=12mg/L17.3mg/L×100


[image: image]


%RH=0.69×100


[image: image]


%RH=69%


[image: image]


Actual water vapor content does not have to be measured for RH to be computed. Simple instruments called hygrometers allow direct measurement of RH without extracting and weighing the water in air.


When the water vapor content of a volume of gas equals its capacity, the RH is 100%. When the RH is 100%, a gas is fully saturated with water vapor. Under these conditions, even slight cooling of the gas causes its water vapor to turn back into the liquid state, a process called condensation.


Condensed moisture deposits on any available surface, such as on the walls of a container or delivery tubing or on particles suspended in the gas. Condensation returns heat to and warms the surrounding environment, whereas vaporization of water cools the adjacent air.


If air that is at an RH of 90% is cooled, its capacity to hold water vapor decreases. Although the water vapor capacity of the air decreases, its content remains constant. With a lower capacity but the same content, the RH of the air must increase. Continued cooling decreases the air’s water vapor capacity until it eventually equals the water vapor content (RH = 100%). When content equals capacity, the air is fully saturated and can hold no more water vapor.


Because RH never exceeds 100%, any further decrease in temperature causes condensation. The temperature at which condensation begins is called the dew point. Cooling a saturated gas below its dew point causes increasingly more water vapor to condense into liquid water droplets.


Figure 6-13 provides a useful analogy of the relationship between water vapor content, capacity, and RH. The various-sized glasses represent the capacity of a gas to hold water vapor. The larger the glass, the greater is its capacity. The water in the glasses represents the actual water vapor content. A glass that is half full is at 50% capacity, or 50% RH. A full glass represents the saturated state, which is equivalent to 100% RH.




[image: image]


FIGURE 6-13 Relative humidity analogy. A, The effect of increasing capacity without changing content, as when heating a saturated gas. B, The effect of decreasing capacity, as when cooling a gas. See text for details.








Figure 6-13, A shows what happens when a saturated gas is heated. Warming a gas increases its capacity to hold water vapor but does not change its content. This is equivalent to pouring the contents of the full glass on the left in Figure 6-13, A into progressively larger glasses. The amount of water does not change, but as the glasses get larger, they become less full. We started with a full glass (100% RH) but end up with one that is only one-third full (33% RH).


A decrease in capacity would have the opposite effect. In Figure 6-13, B, we start with a large glass, which is half full (50% RH). The capacity of the glass is decreased by pouring the water into progressively smaller glasses (equivalent to decreasing the gas temperature). Eventually, the water volume is enough to fill a smaller glass (100% RH). What happens if we try to empty this full glass into an even smaller one? Because the smaller glass has less capacity, the excess content must spill over. This spillover is analogous to the condensation occurring when a saturated gas cools below its dew point. However, although condensation has removed the excess moisture from the air, the smaller glass is still full (100% RH).





Mini Clini


Condensation and Evaporation


A good clinical example of condensation and evaporation is the hygroscopic condenser humidifier, a form of artificial nose (Figure 6-14). These devices consist of layers of water-absorbent material encased in plastic. When a patient exhales into an artificial nose, the warm, saturated expired gas cools, causing condensation on the absorbent surfaces. As condensation occurs, heat is generated in the device. When the patient inhales through the device, the inspired gases are warmed, and the previously condensed water now evaporates, aiding in airway humidification. Chapter 35 provides more detail on humidification devices, including the artificial nose.
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FIGURE 6-14 Hygroscopic condenser humidifier.











In clinical practice, two additional measures of humidity are used: percent body humidity (%BH) and humidity deficit. The %BH of a gas is the ratio of its actual water vapor content to the water vapor capacity in saturated gas at body temperature (37° C). The %BH is the same as RH except that the capacity (or denominator) is fixed at 43.8 mg/L:


%BH=AH43.8×100


[image: image]


The humidity deficit associated with a %BH less than 100% represents the amount of water vapor the body must add to the inspired gas to achieve saturation at body temperature (37° C). To compute the humidity deficit, simply subtract the actual water vapor content from its capacity at 37° C (43.8 mg/L).














Influence of Pressure


High temperatures increase vaporization, whereas high pressures impede this process. Water molecules trying to escape from a liquid surface must push their way out against the opposing air molecules. If the surrounding air pressure is high, there are more opposing air molecules, and vaporization decreases. Conversely, low atmospheric pressures increase vaporization.














Influence of Surface Area


The greater the available surface area of the gas in contact with air, the greater is the rate of liquid evaporation. This statement can be easily proved by comparing how quickly equal volumes of water evaporate under dry conditions from a flat plate versus from a tall, narrow glass. The water spread over a flat plate evaporates more quickly compared with the same amount of liquid in a tall, narrow glass. This principle is applied to the design of certain humidifiers to increase their ability to put water vapor in the passing gas.


























Properties of Gases


Gases share many properties with liquids. Specifically, gases exert pressure, are capable of flow, and exhibit the property of viscosity. However, in contrast to liquids, gases are readily compressed and expanded and fill the spaces available to them through diffusion.








Kinetic Activity of Gases


Because the intermolecular forces of attraction of a gas are so weak, most of the internal energy of a gas is kinetic energy. Kinetic theory says that gas molecules travel about randomly at very high speeds and with frequent collisions.


The velocity of gas molecules is directly proportional to temperature. As a gas is warmed, its kinetic activity increases, its molecular collisions increase, and its pressure increases. Conversely, when a gas is cooled, molecular activity decreases, particle velocity and collision frequency decrease, and the pressure decreases.














Molar Volume and Gas Density


A major principle governing chemistry is Avogadro’s law. This law states that the 1-g atomic weight of any substance contains exactly the same number of atoms, molecules, or ions. This number, 6.023 × 1023, is Avogadro’s constant. In SI units, this quantity of matter equals 1 mole.








Molar Volume


Avogadro’s law states that equal volumes of gases under the same conditions must contain the same number of molecules. At a constant temperature and pressure, 1 mole of a gas should occupy the same volume as 1 mole of any other gas. This ideal volume is termed the molar volume.


At standard temperature (0.0° C) and pressure (760 mm Hg) dry (STPD), the ideal molar volume of any gas is 22.4 L. In reality, there are small deviations from this ideal. For example, although the molar volumes of both oxygen and nitrogen are 22.4 L at STPD, the molar volume of CO2 is closer to 22.3 L. These values are used to calculate gas densities and convert dissolved gas volumes into moles per liter.














Density


Density is the ratio of the mass of a substance to its volume. A dense substance has heavy (high atomic weight) particles packed closely together. Uranium is a good example of a dense substance. Conversely, a low-density substance has a low concentration of light atomic particles per unit volume. Hydrogen gas is a good example of a low-density substance.


In clinical practice, weight is often substituted for mass, and weight density (weight per unit volume, or dw) is actually measured. Solid or liquid weight density is commonly measured in grams per cubic centimeter (cgs). For gases, the most common unit is grams per liter. Because weight density equals weight divided by volume, the density of any gas at STPD can be computed easily by dividing its molecular weight (gmw) by the universal molar volume of 22.4 L (22.3 for CO2). Box 6-1 provides examples of gas density calculations.





Box 6-1   Examples of Gas Densities dw at STPD


dwO2=gmw22.4=3222.4=1.43g/L


[image: image]





dwN2=gmw22.4=2822.4=1.25g/L


[image: image]


dwHe=gmw22.4=422.4=0.179g/L


[image: image]


dwCO2=gmw22.4=4422.4=1.97g/L


[image: image]





For the density of a gas mixture to be calculated, the percentage or fraction of each gas in the mixture must be known. To calculate the density of air at STPD, the following equation is used:


dwair=(FN2×gmw N2)+(FO2×gmw O2)22.4L


[image: image]


dwair=(0.79×28)+(0.21×32)22.4


[image: image]


dwair=1.29g/L


[image: image]


FN2 and FO2 equal the fractional concentrations of nitrogen and oxygen in air.




















Gaseous Diffusion


Diffusion is the process whereby molecules move from areas of high concentration to areas of lower concentration. Kinetic energy is the driving force behind diffusion. Because gases have high kinetic energy, they diffuse most rapidly. However, diffusion also occurs in liquids and can occur in solids. Gas diffusion rates are quantified using Graham’s law. Mathematically, the rate of diffusion of a gas (D) is inversely proportional to the square root of its gram molecular weight:


Dgas∝1gmw


[image: image]


According to this principle, light gases diffuse rapidly, whereas heavy gases diffuse more slowly. Because diffusion is based on kinetic activity, anything that increases molecular activity quickens diffusion. Heating and mechanical agitation speed diffusion.














Gas Pressure


Whether free in the atmosphere, enclosed in a container, or dissolved in a liquid such as blood, all gases exert pressure. In physiology, the term tension is often used to refer to the pressure exerted by gases when dissolved in liquids. The pressure or tension of a gas depends mainly on its kinetic activity. In addition, gravity affects gas pressure. Gravity increases gas density, increasing the rate of molecular collisions and gas tension; this explains why atmospheric pressure decreases with altitude.


Pressure is a measure of force per unit area. The SI unit of pressure is the N/m2, or pascal (Pa). Pressure in the cgs system is measured in dynes/cm2, whereas pounds per square inch (lb/in2 or psi) is the British fps pressure unit. Pressure can also be measured indirectly as the height of a column of liquid, as is commonly done to determine atmospheric pressure.








Measuring Atmospheric Pressure


Atmospheric pressure is measured with a barometer. A barometer consists of an evacuated glass tube approximately 1 m long. This tube is closed at the top end, with its lower, open end immersed in a mercury reservoir (Figure 6-15). The pressure of the atmosphere on the mercury reservoir forces the mercury up the vacuum tube a distance equivalent to the force exerted. In this manner, the height of the mercury column (measured in either inches [British] or millimeters [cgs]) represents the downward force of atmospheric pressure. Barometer pressure is reported with readings such as 30.4 inches of mercury (Hg) or 772 mm Hg; this means that the atmospheric pressure is great enough to support a column of mercury 30.4 inches or 772 mm in height.




[image: image]


FIGURE 6-15 Major components of a mercury barometer.








Alternatively, the term torr may be used in pressure readings. Torr is short for Torricelli, the seventeenth-century inventor of the mercury barometer. At sea level, 1 torr equals 1 mm Hg. A pressure reading of 772 torr is the same as 772 mm Hg.


The height of a column of mercury is not a true measure of pressure. Height is a linear measure, whereas pressure represents force per unit area. The pressure exerted by a liquid is directly proportional to its depth (or height) times its density:


Pressure=Height×density


[image: image]


At sea level, the average atmospheric pressure supports a column of mercury 76 cm (760 mm) or 29.9 inches in height. If we also know that mercury has a density of 13.6 g/cm3 (0.491 lb/in3), the average atmospheric pressure (PB) is calculated as follows:


cgs units :PB=76 cm×13.6 g/cm3=1034 g/cm2


[image: image]


fps units :PB=29.9in×0.491lb/in3=14.7lb/in2


[image: image]


These two measures, 1034 g/cm2 and 14.7 lb/in2, are considered standards in the cgs and British fps systems, each being equivalent to 1 atm.


Similar to any solid material, a barometer’s housing reacts to temperature changes by expanding and contracting. In addition, the mercury column acts like a large thermometer. Both pressure and temperature affect the mercury level of a barometer. For accuracy, the reading must be corrected for temperature changes. The U.S. Weather Bureau provides temperature correction factors for barometric readings. To correct the reading, subtract the applicable table value from the observed reading. For pressures between those listed in the table, use simple linear interpolation.














Clinical Pressure Measurements


Mercury is the most common fluid used in pressure measurements both in barometers and at the bedside. Because of the high density (13.6 g/cm3) of mercury, it assumes a height that is easy to read for most pressures in the clinical range. Water columns can also be used to measure pressure (in cm H2O) but only low pressures. Because water is 13.6 times less dense than mercury, 1 atm would support a water column 33.9 feet high, or about as tall as a two-story building.


Both mercury and water columns are still used in clinical practice, especially when vascular pressures are being measured. However, these traditional tools are rapidly being replaced by mechanical or electronic pressure-measuring devices. Even so, these new instruments must be calibrated against a mercury or water column before making measurements.


The simplest mechanical pressure gauge is the aneroid barometer, which is common in homes. An aneroid barometer consists of a sealed evacuated metal box with a flexible, spring-supported top that responds to external pressure changes (Figure 6-16). This motion activates a geared pointer, which provides a scale reading analogous to pressure.
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FIGURE 6-16 Aneroid barometer.








This same concept underlies the simple mechanical manometers used to measure blood or airway pressure at the bedside (Figure 6-17). However, rather than the pressure acting externally on the sealed chamber, the inside is connected to the pressure source. In this manner, the flexible chamber wall expands and contracts as pressure increases or decreases.




[image: image]


FIGURE 6-17 Mechanical manometer used to measure a patient’s airway pressure.








A flexible chamber can also be used to measure pressure electronically. These devices are called strain-gauge pressure transducers. In these devices, pressure changes expand and contract a flexible metal diaphragm connected to electrical wires (Figure 6-18). The physical strain on the diaphragm changes the amount of electricity flowing through the wires. By measuring this change in electrical flow, we are indirectly measuring changes in pressure.




[image: image]


FIGURE 6-18 Strain-gauge pressure transducer. A, No pressure is applied. B, Pressure is applied to the transducer. An ammeter shows a change in electrical current proportional to the magnitude of pressure applied.








Although mm Hg and cm H2O are still the most common pressure units used at the bedside, they do not represent the SI standard. The SI unit of pressure is the kPa; 1 kPa equals approximately 10.2 cm H2O or 7.5 torr. To convert between these pressure units accurately, use the factors provided in the rear inside cover of this book.





[image: image] Rule of Thumb


One kilopascal equals approximately 10.2 cm H2O. A pressure of 10 kPa equals approximately 100 cm H2O. Conversely, a pressure of 60 cm H2O equals approximately 6 kPa.























Partial Pressures (Dalton’s Law)


Many gases exist together as mixtures. Air is a good example of a gas mixture, consisting mainly of oxygen and nitrogen. A gas mixture, similar to a solitary gas, exerts pressure. The pressure exerted by a gas mixture must equal the sum of the kinetic activity of all its component gases. The pressure exerted by a single gas in a mixture is called its partial pressure.


Dalton’s law describes the relationship between the partial pressure and the total pressure in a gas mixture. According to this law, the total pressure of a mixture of gases must equal the sum of the partial pressures of all component gases. The principle states that the partial pressure of a component gas must be proportional to its percentage in the mixture.8


A gas making up 25% of a mixture would exert 25% of the total pressure. For consistency, the percentage of a gas in a mixture is usually expressed in decimal form, using the term fractional concentration. A gas that is 25% of a mixture has a fractional concentration of 0.25. For example, air consists of approximately 21% O2 and 79% N2. To compute the partial pressure of each component, simply multiply the fractional concentration of each component by the total pressure. Assuming a normal atmospheric pressure of 760 torr, the individual partial pressure is computed as follows:


Partial pressure=Fractional concentration×total pressure


[image: image]


PO2=0.21×760torr=160torr


[image: image]


PN2=0.79×760torr=600torr


[image: image]


As predicted by Dalton’s law, the sum of these partial pressures equals the total pressure of the gas mixture.


What if the total pressure changed? Barometric pressure changes, in addition to minor fluctuations caused by weather, are mainly a function of altitude. Considering only oxygen, we know that its fractional concentration, or fractional inspired oxygen (FiO2), remains constant at approximately 0.21. At a PB of 760 torr, the PO2 is equal to 0.21 × 760, or 160 torr. At 25,000 feet, the FiO2 of air is still 0.21. However, the PB is only 282 torr, and the resulting PO2 is 0.21 × 282, or 59 torr, just more than one-third of that available at sea level. Because the PO2 (not its percentage) determines physiologic activity, high altitudes can impair oxygen uptake by the lungs. Mountain climbers must sometimes use supplemental oxygen at high altitudes for this reason. By increasing the amount of O2 more than 0.21, we can raise its partial pressure and increase uptake by the lungs. For a practical application of this principle, see the accompanying Mini Clini.





Mini Clini


Why Are Oxygen Masks Needed on Airplanes?





[image: image] Problem


People who have traveled by air are familiar with the safety instructions given by the crew before flight. Instructions are included on how to use the oxygen masks. When and why are these masks needed?








Discussion


At a typical cruising altitude of 30,000 feet, the PB outside the airplane cabin is approximately 226 torr. The inspired partial pressure of oxygen (PiO2) is calculated as follows:


PiO2=0.21×226 torr=47 torr


[image: image]


If the cabin were to depressurize, travelers inside would be exposed to this low PiO2. At this PiO2, most people become unconscious within seconds and eventually die of lack of oxygen (anoxia).


To overcome this problem, emergency oxygen masks are available when the cabin depressurizes. These masks, assuming a tight fit, probably provide approximately 70% oxygen, or an FiO2 of 0.70. The PiO2 of a person wearing a mask under these conditions is calculated as follows:


PiO2=0.70×226 torr=158 torr


[image: image]


This PiO2 (about the same as at sea level) is sufficient to keep the passengers alive until the crew can bring the plane down to a safe altitude.








In contrast, high atmospheric pressures increase the partial pressure of inspired oxygen (PiO2) in an air mixture. Pressures above atmospheric are called hyperbaric pressures.9 Hyperbaric pressures commonly occur only in underwater diving and in special hyperbaric chambers.9 For example, at a depth of 66 feet under the sea, water exerts a pressure of 3 atm, or 2280 mm Hg (3 × 760). At this depth, the oxygen in an air mixture breathed by a diver exerts a PO2 of 0.21 × 2280, or approximately 479 mm Hg. This is nearly three times the PO2 at sea level.


The same conditions can be created on dry land in a hyperbaric chamber. The U.S. Navy uses hyperbaric chambers for controlled depressurization of deep-sea divers and to treat certain types of diving accidents. Clinically, hyperbaric chambers and oxygen are used together to treat various conditions, including carbon monoxide poisoning and gangrene. Chapter 38 provides more details on this use of high-pressure oxygen.














Solubility of Gases in Liquids (Henry’s Law)


Gases can dissolve in liquids. Carbonated water and soda are good examples of a gas (CO2) dissolved in a liquid (water). Henry’s law predicts how much of a given gas will dissolve in a liquid. According to this principle, at a given temperature, the volume of a gas that dissolves in a liquid is equal to its solubility coefficient times its partial pressure:


V=α×Pgas


[image: image]


V is the volume of dissolved gas, α is the solubility coefficient of the gas in the given liquid, and Pgas is the partial pressure of the gas above the liquid. The solubility of gases in liquids is compared by using a measure called the solubility coefficient. The solubility coefficient equals the volume of a gas that will dissolve in 1 ml of a given liquid at standard pressure and specified temperature. The solubility coefficient of oxygen in plasma, at 37° C and 760 torr pressure, is 0.023 ml/ml. Under the same conditions, 0.510 ml of CO2 can dissolve in 1 ml of plasma.


Temperature plays a major role in gas solubility. High temperatures decrease solubility, and low temperatures increase solubility. This is why an open can of soda may still fizz if left in the refrigerator but quickly goes flat when left out at room temperature.


The effect of temperature on solubility is a result of changes in kinetic activity. As a liquid is warmed, the kinetic activity of any dissolved gas molecules is increased. This increase in kinetic activity increases the escaping tendency of the molecules and partial pressure. As an increasing number of gas molecules escape, the amount left in a solution decreases rapidly. For a practical application of this principle, see the accompanying Mini Clini, which discusses blood gases and patient temperature.





Mini Clini


Blood Gases versus Patient Temperature





[image: image] Problem


RTs frequently need to sample and measure the partial pressures of oxygen and carbon dioxide in patients’ arterial blood. These samples are called arterial blood gases (ABGs). Typically, ABG samples are measured in analyzers kept at a normal body temperature of 37° C. However, not all patients have normal body temperatures. Many are feverish (hyperpyrexia), and some have low body temperatures (hypothermia). What effect does this have on the measurements?








Discussion


The direct relationship between temperature and partial pressure causes higher arterial PO2 and PCO2 readings at higher temperatures. At 37° C, the arterial PO2 in a normal adult is approximately 100 torr. However, at 47° C, the PO2 would be nearly twice as high. A smaller increase from 37° C to 39° C increases the arterial PO2 less markedly from 100 torr to approximately 110 torr. Likewise, an increase in temperature increases the arterial PCO2. Arterial PCO2 values increase approximately 5% per degree Celsius. An increase in temperature from 37° C to 39° C increases the PCO2 by approximately 10%, from 40 torr to 44 torr.


The reverse is also true. Decreased temperatures decrease the arterial partial pressures of oxygen and carbon dioxide. Nomograms are available to help compute these corrections; however, they correct only for the relationship between temperature and pressure. Nomograms do not take into account metabolic and cardiovascular changes that accompany a change in a patient’s temperature. For this reason, the use of corrected PO2 and PCO2 readings remains controversial.
































Gas Behavior under Changing Conditions


Gases, with large distances between their molecules, are easily compressed and expanded. When a gas is pressurized, the molecules are squeezed closer together. If a gas-filled container could be enlarged, the gas would expand to occupy the new volume. Figure 6-19 illustrates the concepts of gas compression and expansion.
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FIGURE 6-19 A mass of gas in the resting state exerts a given pressure (P) at a given temperature (T) in cylinder A. In cylinder B, as the piston compresses the gas, the molecules are crowded closer together, and the increased energy of molecular collisions increases both the temperature and the pressure. Conversely, as the gas expands in cylinder C, molecular interaction decreases, and the temperature and pressure decrease.














Gas Laws


Several laws help define the relationship among gas pressure, temperature, mass, and volume (Table 6-4). Using these laws, the behavior of gases under changing conditions can be predicted. Underlying all these laws are three basic assumptions: (1) No energy is lost during molecular collisions, (2) the volume of the molecules themselves is negligible, and (3) no forces of mutual attraction exist between these molecules. These three assumptions describe the behavior of an “ideal gas.” Under normal conditions, most gases exhibit ideal behavior.




TABLE 6-4


Laws Describing Gas Behavior Under Changing Conditions










	Gas Law

	Basic Relationship

	Constants

	Description

	Working Formula*


	Clinical Applications










	Boyle’s law

	P × V = k

	Temperature, mass

	Volume of a gas varies inversely with its pressure

	P1V1 = P2V2


	Ventilation (see Chapter 10)






	Body plethysmography (see Chapter 19)






	 

	 

	 

	 

	 

	Compressed volume (see Chapter 38)






	Charles’ law

	[image: image]

	Pressure, mass

	Volume of gas varies directly with changes in its temperature (° K)
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	ATPS to BTPS corrections (see this chapter)






	Gay-Lussac’s law
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	Volume, mass

	Pressure exerted by a gas varies directly with its absolute temperature

	[image: image]

	Cylinder pressures (see Chapter 37)






	Combined gas law

	PV = nRT

	—

	Interaction of above (none held constant)
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	Complex interactions of variables









*Use the working formulas to calculate the new value of a parameter when a gas undergoes a change in P, V, n, or T. For example, to solve for a new volume (V2) using Boyle’s law, you would simply rearrange its working equation as follows: 


V2=V1×P1P2
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n, Mass; P, pressure; R, the gas constant (a combined constant of proportionality); T, temperature (° K); V, volume.


*Use the working formulas to calculate the new value of a parameter when a gas undergoes a change in P, V, n, or T. For example, to solve for a new volume (V2) using Boyle’s law, you would simply rearrange its working equation as follows: 


V2=V1×P1P2


[image: image]

















Effect of Water Vapor


In clinical practice, most gas law calculations must take into account the presence of water vapor. Water vapor, similar to any gas, occupies space. The dry volume of a gas at a constant pressure and temperature is always smaller than its saturated volume. The opposite is also true. Correcting from the dry state to the saturated state always yields a larger gas volume.


The pressure exerted by water vapor is independent of the other gases with which it mixes, depending only on the temperature and RH. The addition of water vapor to a gas mixture always lowers the partial pressures of the other gases present. This fact becomes relevant when discussing the partial pressure of gases in the lung where the gases are saturated with water vapor at body temperature.








Corrected Pressure Computations


To compute the new or corrected partial pressure of a gas after saturation with water vapor, the following formula is applied:


PC=Fgas×(PT−PH2O)


[image: image]


PC is the corrected gas pressure, Fgas is the fractional concentration of the gas in the gas mixture, PT is the total gas pressure of the mixture, and [image: image] is the water vapor pressure at the given temperature (see Table 6-3). If only a single gas is present, Fgas equals 1, and the formula can be simplified:


PC=(PT−PH2O)


[image: image]


For example, in the presence of water vapor, Boyle’s law would have to be modified as follows:


V2=V1×(P1−PH2Oat T1)(P2−PH2Oat T2)


[image: image]














Correction Factors


Instead of complex calculations involving water vapor, simple correction factors can be used. In gas volume conversions, the three most common computations are as follows:




1. Correction from ambient temperature and pressure saturated (ATPS) to body temperature and pressure saturated (BTPS)


2. Correction from ATPS to STPD (0° C and 760 torr)


3. Correction from STPD to BTPS





The values in the third column of Table 6-3, when multiplied by V1, convert a gas volume from ATPS to BTPS. Table 6-5 provides the factors needed to convert a gas volume from ATPS to STPD. To use Table 6-5, simply multiply the ATPS volume by the factor corresponding to the specified temperature and uncorrected barometric pressure. Finally, Table 6-6 provides the factors needed to correct volumes from STPD to BTPS. To use Table 6-6, simply multiply the STPD volume by the factor corresponding to the ambient pressure.




TABLE 6-5


Factors to Convert Gas Volumes from STPD to BTPS at Given Barometric Pressures










	Pressure

	Factor

	Pressure

	Factor










	740

	1.245

	760

	1.211






	742

	1.241

	762

	1.208






	744

	1.238

	764

	1.203






	746

	1.235

	766

	1.200






	748

	1.232

	768

	1.196






	750

	1.227

	770

	1.193






	752

	1.224

	772

	1.190






	754

	1.221

	774

	1.188






	756

	1.217

	776

	1.183






	758

	1.214

	778

	1.181
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TABLE 6-6


Factors to Convert Gas Volumes from ATPS to STPD










	Observed Pa

	15°

	16°

	17°

	18°

	19°

	20°

	21°

	22°

	23°

	24°

	25°

	26°

	27°

	28°

	29°

	30°

	31°

	32°










	700

	0.855

	851

	847

	842

	838

	834

	829

	825

	821

	816

	812

	807

	802

	797

	793

	788

	783

	778






	702

	857

	853

	849

	845

	840

	836

	832

	827

	823

	818

	814

	809

	805

	800

	795

	790

	785

	780






	704

	860

	856

	852

	847

	843

	839

	834

	830

	825

	821

	816

	812

	807

	802

	797

	792

	787

	783






	706

	862

	858

	854

	850

	845

	841

	837

	832

	828

	823

	819

	814

	810

	804

	800

	795

	790

	785






	708

	865

	861

	856

	852

	848

	843

	839

	834

	830

	825

	821

	816

	812

	807

	802

	797

	792

	787






	710

	867

	863

	859

	855

	850

	846

	842

	837

	833

	828

	824

	819

	814

	809

	804

	799

	795

	790






	712

	870

	866

	861

	857

	853

	848

	844

	839

	836

	830

	826

	821

	817

	812

	807

	802

	797

	792






	714

	872

	868

	864

	859

	855

	851

	846

	842

	837

	833

	828

	824

	819

	814

	809

	804

	799

	794






	716

	875

	871

	866

	862

	858

	853

	849

	844

	840

	835

	831

	826

	822

	816

	812

	807

	802

	797






	718

	877

	873

	869

	864

	860

	856

	851

	847

	842

	838

	833

	828

	824

	819

	814

	809

	804

	799






	720

	880

	876

	871

	867

	863

	858

	854

	849

	845

	840

	836

	831

	826

	821

	816

	812

	807

	802






	722

	882

	878

	874

	869

	865

	861

	856

	852

	847

	843

	838

	833

	829

	824

	819

	814

	809

	804






	724

	885

	880

	876

	872

	867

	863

	858

	854

	849

	845

	840

	835

	831

	826

	821

	816

	811

	806






	726

	887

	883

	879

	874

	870

	866

	861

	856

	852

	847

	843

	838

	833

	829

	825

	818

	813

	808






	728

	890

	886

	881

	877

	872

	868

	863

	859

	854

	850

	845

	840

	836

	831

	826

	821

	816

	811






	730

	892

	888

	884

	879

	875

	870

	866

	861

	857

	852

	847

	843

	838

	833

	828

	823

	818

	813






	732

	895

	891

	886

	882

	877

	873

	868

	864

	859

	854

	850

	845

	840

	836

	831

	825

	820

	815






	734

	897

	893

	889

	884

	880

	875

	871

	866

	862

	857

	852

	847

	843

	838

	833

	828

	823

	818






	736

	900

	895

	891

	887

	882

	878

	873

	869

	864

	859

	855

	850

	845

	840

	835

	830

	825

	820






	738

	902

	898

	894

	889

	885

	880

	876

	871

	866

	862

	857

	852

	848

	843

	838

	833

	828

	822






	740

	905

	900

	896

	892

	887

	883

	878

	874

	869

	864

	860

	855

	850

	845

	840

	835

	830

	825






	742

	907

	903

	898

	894

	890

	885

	881

	876

	871

	867

	862

	857

	852

	847

	842

	837

	832

	827






	744

	910

	906

	901

	897

	892

	888

	883

	878

	874

	869

	864

	859

	855

	850

	845

	840

	834

	829






	746

	912

	908

	903

	899

	895

	890

	886

	881

	876

	872

	867

	862

	857

	852

	847

	842

	837

	832






	748

	915

	910

	906

	901

	897

	892

	888

	883

	879

	874

	869

	864

	860

	854

	850

	845

	839

	834






	750

	917

	913

	908

	904

	900

	895

	890

	886

	881

	876

	872

	867

	862

	857

	852

	847

	842

	837






	752

	920

	915

	911

	906

	902

	897

	893

	888

	883

	879

	874

	869

	864

	859

	854

	849

	844

	839






	754

	922

	918

	913

	909

	904

	900

	895

	891

	886

	881

	876

	872

	867

	862

	857

	852

	846

	841






	756

	925

	920

	916

	911

	907

	902

	898

	893

	888

	883

	879

	874

	869

	864

	859

	854

	849

	844






	758

	927

	923

	918

	914

	909

	905

	900

	896

	891

	886

	881

	876

	872

	866

	861

	856

	851

	846






	760

	930

	925

	921

	916

	912

	907

	902

	898

	893

	888

	883

	879

	874

	869

	864

	859

	854

	848






	762

	932

	928

	923

	919

	914

	910

	905

	900

	896

	891

	886

	881

	876

	871

	866

	861

	856

	851






	764

	934

	930

	926

	921

	916

	912

	907

	903

	898

	893

	888

	884

	879

	874

	869

	864

	858

	853






	766

	937

	933

	928

	925

	919

	915

	910

	905

	900

	896

	891

	886

	881

	876

	871

	866

	861

	855






	768

	940

	935

	931

	926

	922

	917

	912

	908

	903

	898

	893

	888

	883

	878

	873

	868

	863

	858






	770

	942

	938

	933

	928

	924

	919

	915

	910

	905

	901

	896

	891

	886

	881

	876

	871

	865

	860






	772

	945

	940

	936

	931

	926

	922

	917

	912

	908

	903

	898

	893

	888

	883

	878

	873

	868

	862






	774

	947

	943

	938

	933

	929

	924

	920

	915

	910

	905

	901

	896

	891

	886

	880

	875

	870

	865






	776

	950

	945

	941

	936

	931

	927

	922

	917

	912

	908

	903

	898

	893

	888

	883

	878

	872

	867






	778

	952

	948

	943

	938

	934

	929

	924

	920

	915

	910

	905

	900

	895

	890

	885

	880

	875

	869






	780

	955

	950

	945

	941

	936

	932

	927

	922

	917

	912

	908

	903

	898

	892

	887

	882

	877

	872
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Properties of Gases at Extremes of Temperature and Pressure


As previously described, most gases exhibit ideal behavior under normal conditions. However, gases can deviate from these expectations, especially at the extremes of pressure and temperature. The accompanying Mini Clini provides two good clinical examples of how gas behavior can deviate from the ideal.


As previously discussed, weak attractive forces (van der Waals forces) between gas molecules oppose their kinetic activity. Both temperature and pressure affect these forces. At high temperatures, the increased kinetic activity of gas molecules far overshadows these forces. However, at very low temperatures, kinetic activity lessens, and these forces become more important. Likewise, very low pressures permit gas molecules to move freely about with little mutual attraction. In contrast, high pressures crowd molecules together, increasing the influence of these forces.


The actual space occupied by gas molecules also can influence their behavior. At low pressure, the total mass of matter in a gas is a negligible fraction of the total volume. However, at very high pressures, molecular density becomes important, altering the expected relationship between pressure and volume.





Mini Clini


Variations from Ideal Gas Behavior: Expansion Cooling and Adiabatic Compression


Boyle’s law describes gas behavior under constant temperature, or isothermal conditions.10 During isothermal conditions, the temperature of an ideal gas should not change with either expansion or contraction. For example, if an ideal gas were to escape rapidly from a high-pressure cylinder into the atmosphere, its temperature should not change. The rapid expansion of real gases causes substantial cooling. This phenomenon of expansion cooling is called the Joule-Thompson effect.


A rapidly expanding gas cools because the attractive force between its molecules is broken. Because the energy needed to break these forces must come from the gas itself, the temperature of the gas must decrease. This decrease in temperature, depending on the pressure drop that occurs, can be large enough to liquefy the gas. This is the primary method used to liquefy air for the production of oxygen.


Isothermal processes keep gas temperature constant, whereas adiabatic compression and expansion have no such restrictions. During an adiabatic process, heat energy of a gas is allowed to increase or decrease as it undergoes changes in pressure or volume. Adiabatic compression of a gas can cause rapid increases in temperature. A diesel engine uses this principle to ignite fuel without a spark. Adiabatic compression can also occur in gas delivery systems where rapid compression occurs within a fixed container. The increase in temperature caused by this rapid compression can ignite any combustible material in the system. For this reason, RTs must clear any combustible matter from high-pressure gas delivery systems before pressurization.

















Critical Temperature and Pressure


For every liquid, there is a temperature above which the kinetic activity of its molecules is so great that the attractive forces cannot keep them in a liquid state. This temperature is called the critical temperature. The critical temperature is the highest temperature at which a substance can exist as a liquid. The pressure needed to maintain equilibrium between the liquid and gas phases of a substance at this critical temperature is the critical pressure. Together, the critical temperature and pressure represent the critical point of a substance.


The critical temperature of water is 374° C. At this temperature, a pressure of 218 atm is needed to maintain equilibrium between the liquid and gaseous forms of water. No pressure can return water vapor to its liquid form at a temperature greater than 374° C.


Compared with liquids, gases have much lower critical points. Table 6-7 lists the critical points of four gases used in clinical practice: oxygen, helium, CO2, and nitrous oxide (N2O). The critical temperatures of oxygen and helium are well below the normal room temperature of 20° C (68° F), whereas the critical temperatures of CO2 and N2O are above room temperature.




TABLE 6-7


Critical Points of Three Gases










	Gas

	° C

	° F

	Atmosphere










	Helium (He)

	−267.9

	−450.2

	2.3






	Oxygen (O2)

	−118.8

	−181.1

	49.7






	Carbon dioxide (CO2)

	31.1

	87.9

	73.0






	Nitrous oxide (N2O)

	36.5

	97.7

	71.8














[image: image]








The concept of critical temperature can be applied to distinguish between a true gas and a vapor. A true gas, such as oxygen, has a critical temperature so low that at room temperature and pressure it cannot exist as a liquid. In contrast, a vapor is the gaseous state of a substance coexisting with its liquid or solid state at room temperature and pressure. This is why molecular water is referred to as water vapor.


The concept of critical temperature and pressure also helps explain how gases are liquefied. A gas can be liquefied by being cooled to below its boiling point. Alternatively, a gas can be liquefied by being cooled to less than its critical temperature and then being compressed. The more a gas is cooled below its critical temperature, the less pressure will be needed to liquefy it. However, under no circumstances can pressure alone liquefy a gas existing above its critical temperature.


According to these principles, any gas with a critical temperature above ambient should be able to be liquefied simply by having pressure applied. Both CO2 and N2O have critical temperatures above normal room temperature (see Table 6-7). Both gases can be liquefied by simple compression and stored as liquids at room temperature without cooling. However, both liquefied gases still need to be stored under pressure, usually in strong metal cylinders.


Liquid oxygen is produced by separating it from a liquefied air mixture at a temperature below its boiling point (−183° C or −297° F). After it is separated from air, the oxygen must be maintained as a liquid by being stored in insulated containers below its boiling point. As long as the temperature does not exceed −183° C, the oxygen remains liquid at atmospheric pressure. If higher temperatures are needed, higher pressures must be used. If at any time the liquid oxygen exceeds its critical temperature of −118.8° C, it converts immediately to a gas.




















Fluid Dynamics


So far, liquids and gases have been presented under static, or nonmoving, conditions. However, both liquids and gases can flow. Flow is the bulk movement of a substance through space. The study of fluids in motion is called hydrodynamics. Because many respiratory care devices use hydrodynamic principles, the RT must have a good understanding of the basic concepts governing fluids in motion.








Pressures in Flowing Fluids


As we have seen, the pressure of a static liquid depends solely on the depth and density of the fluid. In contrast, the pressure exerted by a liquid in motion depends on the nature of the flow itself. As shown in Figure 6-20, A, the pressure exerted by a static fluid is the same at all points along a horizontal tube, depending only on the height (h) of the liquid column. However, when the fluid flows out through the bottom tube, the pressure progressively decreases all along the tube length (see Figure 6-20, B). In addition, the decrease in pressure between each of the equally spaced vertical tubes is the same.




[image: image]


FIGURE 6-20 A, The pressure is the same at all points along the horizontal tube when there is no flow. B, A progressive decrease in pressure occurs as the fluid flows. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








The decrease in fluid pressure along the tube reflects a cumulative energy loss, as predicted by the second law of thermodynamics. In simple terms, this law states that in any mechanical process, there will always be a decrease in the total energy available to do work. Available energy decreases because frictional forces oppose fluid flow. Frictional resistance to flow exists both within the fluid itself (viscosity) and between the fluid and the tube wall. Generally, the greater the viscosity of the fluid and the smaller the cross-sectional area of the tube, the greater is the decrease in pressure along the tube.


For any given tube length, flow resistance equals the difference in pressure between the two points along the tube divided by the actual flow. This is expressed as a formula:


R=(P1−P2)V˙


[image: image]


where R is the total flow resistance, P1 is the pressure at the upstream point (point 1), P2 is the pressure at the downstream point (point 2), and [image: image] is the flow (volume per unit time). This formula has wide application in pulmonary physiology and respiratory care. The accompanying Mini Clini provides a good example of such application.














Patterns of Flow


The pressure difference that results from flow also varies with the pattern of flow. There are three primary patterns of flow through tubes: laminar, turbulent, and transitional (Figure 6-21).




[image: image]


FIGURE 6-21 Three patterns of flow—laminar, turbulent, and transitional. (Modified from Moser KM, Spragg RG: Respiratory emergencies, ed 2, St Louis, 1982, Mosby.)














Laminar Flow


As discussed earlier, during laminar flow, a fluid moves in discrete cylindrical layers or streamlines. The difference in pressure required to produce a given flow, under conditions of laminar flow through a smooth tube of fixed size, is defined by Poiseuille’s law:


ΔP=8nlV˙πr4


[image: image]


where ΔP is the driving pressure gradient, n is the viscosity of the fluid, l is the tube length, [image: image] is the fluid flow, r is the tube radius, and π and 8 are constants.


According to this formula, for fluids flowing in a laminar pattern, the driving pressure increases whenever the fluid viscosity, tube length, or flow increases. In addition, greater pressure is required to maintain a given flow if the tube radius decreases.














Turbulent Flow


Under certain conditions, the pattern of flow through a tube changes significantly, with a loss of regular streamlines. Instead, fluid molecules form irregular eddy currents in a chaotic pattern called turbulent flow (see Figure 6-21). This changeover from laminar to turbulent flow depends on several factors, including fluid density (d), viscosity (h), linear velocity (v), and tube radius (r). In combination, these factors determine Reynold’s number (NR).


NR=v×d×2rh


[image: image]


In a smooth-bore tube, laminar flow becomes turbulent when NR exceeds 2000 (the number is dimensionless). According to the previous formula, conditions favoring turbulent flow include increased fluid velocity, increased fluid density, increased tube radius, and decreased fluid viscosity. In the presence of irregular tube walls, turbulent flow can occur when NR is less than 2000.





Mini Clini


Differential Pressure Pneumotachometer





[image: image] Problem


It is often necessary to measure and record changes in airflow as a patient breathes. How can we apply the formula for resistance to measure and record airflow?








Discussion


Airflow can be measured by using a device called a pneumotachometer. One of the simplest designs is the differential pressure pneumotachometer. A differential pressure pneumotachometer incorporates a flow tube with a known and constant resistance (R). If the formula for resistance is rearranged to solve for flow, it appears as follows:


V˙=(P1−P2)R


[image: image]


Flow through a tube with constant resistance is directly proportional to the pressure difference across the tube. By measuring this pressure difference (using a strain-gauge transducer, such as described in Figure 6-18), we can measure flow. To ensure linearity between pressure and flow, the flow pattern through the tube must remain laminar.








When flow becomes turbulent, Poiseuille’s law no longer applies. Instead, the pressure difference across a tube is defined as follows:


ΔP=flV˙24π2r5


[image: image]


where ΔP is the driving pressure, f is a friction factor based on the density and viscosity of the fluid and the tube wall roughness, l is the tube length, and [image: image] is the fluid flow.


Figure 6-22 compares the relationship between pressure and flow under laminar and turbulent conditions. As can be seen, when flow is laminar (Poiseuille’s law), the relationship between driving pressure and flow is linear. However, when flow becomes turbulent, driving pressure varies with the square of the flow ([image: image]). To double flow under laminar conditions, we need only double the driving pressure. To double flow under turbulent conditions, we would have to increase the driving pressure fourfold.




[image: image]


FIGURE 6-22 Relationship between driving pressure and flow under laminar and turbulent conditions.




















Transitional Flow


Transitional flow is a mixture of laminar and turbulent flow. Flow in the respiratory tract is mainly transitional in nature. When flow is transitional, the total driving pressure equals the sum of the pressures resulting from laminar and turbulent flow:


ΔP =(k1×V˙)+(k2×V˙2)


[image: image]


k1 and k2 are factors indicating the respective contribution of laminar and turbulent flow to overall driving pressure. When flow is mainly laminar, the pressure varies linearly with the flow. When flow is mainly turbulent, driving pressure varies exponentially with the flow. With all else equal, pressures generated during laminar flow are most affected by fluid viscosity, whereas fluid density is the key factor when flow is turbulent.




















Flow, Velocity, and Cross-Sectional Area


Flow is the bulk movement of a volume of fluid per unit of time. Clinically, the most common units of flow are liters per minute (L/min) or liters per second (L/sec). In contrast, velocity is a measure of linear distance traveled by the fluid per unit of time. Centimeters per second (cm/sec) is a common velocity unit used in pulmonary physiology.


Although fluid flow and velocity are different measures, the two concepts are closely related. The key factor relating velocity to flow is the cross-sectional area of the conducting system. Figure 6-23 shows this relationship.




[image: image]


FIGURE 6-23 Fluid velocity, at a constant flow, varies inversely with the cross-sectional area of the tube. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








Throughout the tube, the fluid flows at a constant rate of 5 L/min. At point A, with a cross-sectional area of 5.08 cm2, the velocity of the fluid is 16.4 cm/sec. At point B, the cross-sectional area of the tube decreases to 2.54 cm2, half its prior value. At this point, the velocity of the fluid doubles to 32.8 cm/sec. At point C, the passage divides into eight smaller tubes. Although each tube is smaller than its “parent,” together they provide a 10-fold increase in the cross-sectional area available for flow compared with point B. The velocity of the fluid decreases proportionately, from 32.8 cm/sec to 3.28 cm/sec.


These observations show that the velocity of a fluid moving through a tube at a constant flow varies inversely with the available cross-sectional area. This relationship is called the law of continuity. Mathematically, the equation is as follows:


(A1×v1)+(A2×v2)+(An×vn)=k


[image: image]


where A is the cross-sectional area of the tube; v is the velocity of the fluid; 1, 2, and n are different points in the tube; and k is a constant value.


Although the principle holds true only for incompressible liquids, the qualitative features are similar for gas flow. This principle also underlies the application of nozzles or jets in fluid streams. Nozzles and jets are simply narrow passages in a tube designed to increase fluid velocity. A garden-hose nozzle is a good example of this principle in action. Clinically, jets are used in many types of respiratory care equipment, including pneumatic nebulizers (see Chapter 36) and gas entrainment or mixing devices (see Chapter 38).














Bernoulli Effect


When a fluid flows through a tube of uniform diameter, pressure decreases progressively over the tube length.11 The first three water columns in Figure 6-24 show this continuous pressure decrease. However, when the fluid passes through a constriction, the decrease in pressure is much greater. This large pressure decrease can be observed in the fourth water column in Figure 6-24. The eighteenth-century scientist Bernoulli was the first to study this effect carefully, which now bears his name. Bernoulli explained the pressure decrease depicted in Figure 6-24 by showing how the potential, kinetic, and pressure energies of a fluid interact.




[image: image]


FIGURE 6-24 The Bernoulli effect. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








A fluid’s position determines its potential energy. The common adage that “water always seeks its lowest level” is actually an expression of potential energy. At the top of a tilted tube, gravity gives any fluid the potential energy to flow “downhill.” In this case, the fluid’s potential energy is proportional to the difference between the height of the tube’s inlet and outlet. If a tube is level, the fluid’s potential energy remains constant and can be disregarded.


Kinetic energy is the amount of work performed by matter in motion. The kinetic energy of a moving fluid is directly proportional to both its velocity and its mass. The greater the velocity and mass (density) of a fluid, the greater its kinetic energy. If mass is constant, kinetic energy varies directly with velocity only.


Although potential and kinetic energy are common physical concepts, the principle of pressure energy is unique to fluid flow. The pressure energy of a fluid is the radial or outward force exerted by the moving fluid. This radial force is measured as the fluid’s lateral pressure.


According to the first law of thermodynamics, the total energy at any given point in a fluid stream must be the same throughout the tube. If potential energy is held constant (a level tube), the sum of the kinetic and pressure energies at any given point in a fluid stream must equal their sum at any other point.


Velocity is equivalent to the kinetic energy of a fluid, whereas lateral force equates to pressure energy. Because a moving fluid’s velocity and lateral pressure sum must always be equal, they must vary inversely with each other. In other words, if additional energy is applied to increase velocity, the energy available to exert pressure must decrease. As velocity increases, lateral pressure decreases. Conversely, as velocity decreases, lateral pressure increases.


Figure 6-25 shows this relationship. Fluid is flowing through a tube at a point with a certain velocity (va) and a lateral pressure (Pa). According to the law of continuity, as the fluid moves into the narrow or constricted portion of the tube, its velocity must increase (vb > va). According to the Bernoulli theorem, the higher velocity at point b should result in a lower lateral pressure at that point (Pb < Pa). As a fluid flows through the constriction, its velocity increases, and its lateral pressure decreases.




[image: image]


FIGURE 6-25 According to the Bernoulli theorem, lateral pressure of a flowing fluid must vary inversely with its velocity. [image: image], flow in tube “a”; va, velocity in tube “a”; vb, velocity in tube “b”; [image: image], flow in tube “b”; Pa, lateral wall pressure in tube “a”; Pb, lateral wall pressure after restriction (see text).




















Fluid Entrainment


When a flowing fluid encounters a very narrow passage, its velocity can increase greatly. In some cases, the increase in velocity can be so great as to cause the fluid’s lateral pressure to fall below that exerted by the atmosphere (i.e., to become negative).


If an open tube is placed distal to such a constriction, this negative pressure can pull another fluid into the primary flow stream (Figure 6-26). This effect is called fluid entrainment. In Figure 6-26, air is the entrained fluid. This use is common in the home where faucet aerators mix air into the water stream. In the laboratory, a similar faucet attachment, called a water aspirator, is used to create negative pressure or vacuum.




[image: image]


FIGURE 6-26 Fluid entrainment based on the Bernoulli effect. (Modified from Nave CR, Nave BC: Physics for the health sciences, ed 3, Philadelphia, 1985, WB Saunders.)








In respiratory care, the most common application of fluid entrainment is the air injector. An air injector is a device designed to increase the total flow in a gas stream. In this case, a pressurized gas, usually oxygen, serves as the primary flow source. This pressurized gas passes through a nozzle or jet, beyond which is an air entrainment port. The negative lateral pressure created at the jet orifice entrains air into the primary gas stream, increasing the total flow output of the system.


The amount of air entrained depends on both the diameter of the jet orifice and the size of the air entrainment ports (Figure 6-27). For a fixed jet size, the larger the entrainment ports, the greater the volume of air entrained and the higher the total flow (see Figure 6-27, B). The entrained volume can still be altered, with fixed entrainment ports, by changing the jet diameter (see Figure 6-27, C). A large jet results in a lower gas velocity and less entrainment, whereas a small jet boosts velocity, entrained volume, and total flow.
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FIGURE 6-27 Air injector. A, Basic design. B, Greater entrainment and total flow occurs with larger entrainment ports. C, Alternatively, a smaller jet increases source gas velocity and entrains more air.




















Venturi and Pitot Tubes


A Venturi tube is a modified entrainment device, developed approximately 200 years ago by Venturi.12 A Venturi tube widens just after its jet or nozzle (Figure 6-28). As long as the angle of dilation is less than 15 degrees, this widening helps restore fluid pressure back toward prejet levels.




[image: image]


FIGURE 6-28 Venturi tube. The original lateral pressure at point (Pa) falls at the restriction (Pb). Pressure is almost completely restored distal to the restriction (Pc), if the angle of tube dilation does not exceed 15 degrees. [image: image], flow before restriction; [image: image], flow from entrainment plus driving flow.








Compared with a simple air injector, the Venturi tube provides greater entrainment. This design helps keep the percentage of entrained fluid constant, even when the total flow varies. However, the Venturi tube has one major drawback: Any buildup of pressure downstream from the entrainment port decreases fluid entrainment. An alternative design, called a Pitot tube, partly overcomes this problem. Rather than restoring fluid pressure, a Pitot tube restores fluid velocity. This lessens the effect of downstream pressure on fluid entrainment.














Fluidics and Coanda Effect


Fluidics is a branch of engineering that applies hydrodynamic principles in flow circuits for purposes such as switching, pressure and flow sensing, and amplification. Because fluidic devices have no moving parts, they are very dependable and require little maintenance.


The primary principle underlying most fluidic circuitry is a phenomenon called wall attachment, or the Coanda effect. This effect is observed mainly when a fluid flows through a small orifice with properly contoured downstream surfaces.13


Based on the Bernoulli effect, we know that the negative pressure created at a jet or nozzle entrains any surrounding fluid, such as air, into the primary flow stream (Figure 6-29, A). If a carefully contoured curved wall is added to one side of the jet (see Figure 6-29, B), the pressure near the wall becomes negative relative to atmospheric. The atmospheric pressure on the other side of the gas stream pushes it against the wall, where it remains “locked” until interrupted by some counterforce. By carefully extending the wall contour, we can deflect the fluid stream through a full 180-degree turn.
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FIGURE 6-29 Coanda wall effect. A, Entrainment into the fluid stream. B, Wall attachment initiated by negative pressure near wall.








Various fluidic devices can be designed using this principle, including on/off switches, pressure and flow sensors, and flow amplifiers. These individual components can be combined into integrated fluidic logic circuits, which function much like electronic circuit boards but without the need for electrical power.





Summary Checklist







• Gases have no inherent boundary, are readily compressed and expanded, and can flow.


• Three temperature scales are in common use: Kelvin (SI), Celsius (cgs), and Fahrenheit (fps); conversion among these scale units can be done by using simple formulas.


• Transfer of heat energy can occur by conduction, convection, radiation, and evaporation.


• Liquids exert pressure and exhibit the properties of flow, buoyant force, viscosity, capillary action, and surface tension.


• The pressure exerted by a liquid depends on both its height (depth) and weight density.


• Surface tension forces increase the pressure inside a liquid drop or bubble; this pressure varies directly with the surface tension of the liquid and varies inversely with the radius.


• A liquid can vaporize by either boiling or evaporation; in evaporation, the required heat energy is taken from the air surrounding the liquid, cooling the air.


• Vaporization causing cooling and condensation causes warming of the surroundings.


• The capacity of air to hold water vapor increases with temperature.


• Relative humidity (RH) is the ratio of water vapor content (absolute humidity) to saturated water vapor capacity; for a constant content, cooling increases RH and warming decreases RH.


• The rate of diffusion of a gas is inversely proportional to its molecular weight.


• The total pressure of a mixture of gases must equal the sum of the partial pressures of all component gases.


• The volume of a gas that dissolves in a liquid equals its solubility coefficient times its partial pressure; high temperatures decrease gas solubility, and low temperatures increase gas solubility.


• Volume and pressure of a gas vary directly with temperature; however, with constant temperature, gas volume and pressure vary inversely.


• The critical temperature of a substance is the highest temperature at which it can exist as a liquid; gases with critical temperatures higher than room temperature can be stored under pressure as liquids without cooling.


• Under conditions of laminar flow, the difference in pressure required to produce a given flow is defined by Poiseuille’s law.


• The velocity of a fluid flowing through a tube at a constant rate of flow varies inversely with the available cross-sectional area; this allows entrainment of other fluids at jets or nozzles.
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Chapter Objectives


After reading this chapter you will be able to:
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Computer applications are universal in respiratory care, and their impact continues to advance exponentially. Respiratory therapists (RTs) and other members of the health care team rely on computer applications in clinical care, diagnostics, management, education, and research. Emerging computer technology, or eHealth, applications aim to improve the processes of care and the performance of health care providers, engage patients, facilitate care from a distance, and manage information, improving health outcomes. Abundant, accessible, and up-to-date information from the government, universities, publishers, professional organizations, and industry is available to health care providers and patients on the World Wide Web. As established by a task force of the American Association for Respiratory Care (AARC) to chart a vision for the future, RTs will benefit from knowing how to retrieve information efficiently from the best available evidence-based resources.1 RTs have compelling reasons to learn about computer applications.









Applications in Clinical Care



Mechanical Ventilators





Conventional mechanical ventilators use microprocessors to control flow and pressure for triggering, limiting, and cycling breaths. Some modes of ventilation are closed-loop or adaptive, with predetermined algorithms that take actions automatically within preset limits. Breath-by-breath, microprocessors equilibrate measured values with target values. Based on the lung compliance measured during the previous breath, some modes adjust inspiratory pressure to attain a target tidal volume set by the clinician. New advanced adaptive systems, such as proportional assist ventilation and neurally adjusted ventilatory assist, aim to enhance the patient-ventilator synchrony via automation that is highly responsive to the patient.2


Microprocessors perform additional functions. They control ventilator alarms and archive the history of set and measured values, which can be uploaded to a computer. Current conventional ventilators allow for updating and adding new modes of ventilation via uploading new software, rather than purchasing new ventilators.


Protocols for ventilator weaning and management of acute respiratory distress syndrome can improve patients’ outcomes; complete, accurate, and consistent documentation of ventilator settings is key. However, manual ventilator charting is frequently incomplete, inaccurate, and inconsistent.3 Computerized ventilator charting applications have the potential to improve the quality and consistency of ventilator charting. Automated ventilator charting, verified by RTs, takes ventilator charting a step further, with the potential to improve completeness, accuracy, consistency, and efficiency.4 Figure 7-1 is an example of a computer screen for automated charting.
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FIGURE 7-1 Automated ventilator charting.














Patient-Driven Protocols


Evidence-based, patient-driven protocols can improve health outcomes.5,6 Under medical direction and based on patient assessment, RTs use protocols to allocate and titrate respiratory care. Consistency and timeliness of implementation are keys to the effectiveness of protocols. Automation of protocols at the point of care can help RTs address these concerns. An automated protocol for discontinuation of the mechanical ventilation program on hand-held computers can decrease the time to the first spontaneous breathing trial and the length of stay in the intensive care unit (ICU) compared with a protocol without automation.7 At least once a shift, RTs enter information about each mechanically ventilated patient via a hand-held computer. When patients meet preset criteria, the computer program prompts the RTs to conduct a spontaneous breathing trial to help determine the patients’ readiness for ventilator discontinuation.














Clinical Decision Support


Information technology has the potential to assist clinicians actively with preventive measures, diagnosis, drug dosing, response to critical laboratory values, evidence-based care clinical practice guidelines, and chronic disease management. Clinical decision support systems match the characteristics of individual patients and their clinical interventions, drugs, and diagnostic tests to databases of scientific evidence and drug calculations and generate tailored recommendations, reminders, or even standing orders. These systems can optimally communicate these recommendations to clinicians via hospital information systems (HIS), e-mails, pagers, mobile phones, or printouts without the clinicians having to activate the system.


Clinical decision support systems are associated with improved clinician performance, decreased unnecessary care, and adherence to evidence-based clinical practice guidelines.8,9 These systems are particularly useful in preventive care. Computerized reminders increased the proportion of indicated influenza vaccinations, rates of screening, counseling, and adherence to medications. They have also resulted in decreased unnecessary hospital admissions for inappropriately diagnosed cardiac ischemia, appropriately decreased tidal volume and more consistent monitoring of plateau pressure in patients with acute respiratory distress syndrome, and decreased exacerbations in asthma patients.8 Clinical decision support is instrumental in improving clinical outcomes of patients by determining optimal drug dosages. Beneficial outcomes include the following:




• Faster time to achieve therapeutic drug levels


• Reduced toxic drug levels


• Decreased adverse drug reactions


• Decreased hospital length of stay10

















Telemedicine


Telemedicine is the use of telecommunication and computer technology to promote access to diagnosis, monitoring, clinical decision support, and treatment for patients at medically underserved sites that are distant from health care providers. Telemedicine has been effectively implemented in various clinical settings, including home care, emergency departments, and ICUs, and is well accepted by patients.11 Clinical outcomes have generally been similar to traditional health care delivery models; however, in the ICU setting, supplemental telemedicine has been associated with improved clinical outcomes, particularly among the most critically ill patients.12,13 From a distance, on computers either within the hospital or at home, intensive care physicians can see the vital signs, ventilator data, medical record, and diagnostic images of the remote patients. Supplemental telemedicine helps to provide additional support that can potentially result in more rapid recognition of problems and timely, appropriate interventions.14














Treatment of Tobacco Use and Dependence


In the United States, tobacco use and dependence is the leading preventable cause of death and chronic diseases.15 Health care costs attributable to tobacco use are unsustainable. Effective evidence-based treatments are available, but their implementation by health care providers is lagging.16 RTs can play a vital role in the treatment of tobacco-related diseases and should aid in the pursuit of cost-effective ways to help tobacco users.


Emerging applications of computer technology, or eHealth applications, are exciting new components of treatment for tobacco use and dependence. With the extensive reach of the Internet and the demonstrated efficacy of some applications, the potential impact on health outcomes is immense. More than 10 million Internet users have searched for online information about how to quit smoking.17


Internet-based treatment programs can recruit tobacco users via search engines, or they can be an adjunct to telephone quitline counseling. Figure 7-2 is a screen shot from the smokefree.gov tobacco treatment website. When eHealth applications are tailored to individual tobacco users, with frequent automated contacts via e-mail or text messages, rates of long-term abstinence from tobacco use are similar to other evidenced-based interventions.18-22
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FIGURE 7-2 Example of an internet-based program: (http://women.smokefree.gov).








Consistent with the U.S. Public Health Service clinical practice guideline recommendation for a high-intensity, multicomponent approach, an Internet-based application has the capacity to provide both counseling that promotes tailored quit strategies and tobacco cessation medications that have been approved by the U.S. Food and Drug Administration (FDA).16 Internet-based applications can provide unlimited, sustained access to virtually limitless numbers of participants. These applications can be highly cost-effective. Table 7-1 lists some websites related to the treatment of tobacco use and dependence.




TABLE 7-1


Websites Related to the Treatment of Tobacco Use and Dependence








	Website

	Organization










	SmokeFree.gov

	U.S. Department of Health and Human Services






	QuitNet.com

	QuitNet






	WHO.int/tobacco

	World Health Organization, Tobacco Free Initiative






	ITCProject.org

	International Tobacco Control Policy Evaluation Project






	ATTUD.org

	Association for the Treatment of Tobacco Use and Dependence






	TreaTobacco.net

	Society for Research on Nicotine and Tobacco






	TobaccoFreeKids.org

	Tobacco Free Kids
























Management of Chronic Respiratory Diseases


Management of chronic diseases presents a grave challenge to the U.S. health care system. In the United States, 7 out of 10 deaths are due to chronic disease.23 Chronic disease is present in 8 out of 10 Americans on Medicare, and chronic diseases account for three out of every four dollars of health care expenditures in the United States.24,25 As baby boomers age in the coming decades, the proportion of the U.S. population 65 years old and older is expected to double. There is much interest in addressing the historically disjointed, misallocated processes of chronic disease management through advances in eHealth technologies, to improve health outcomes in a cost-effective manner. In the United States, 60% of households have access to computers, and the availability of broadband access to the Internet is expanding.17 In the United States, which has a population of 311 million people, there are more than 307 million wireless mobile phone connections.26,27








Asthma


eHealth applications for asthma include interactive Internet applications, such as games for children, Internet applications linked to cell phones for personalized or automated voice or text messaging, and other telemonitoring devices. Many of these applications use monitored patient data to tailor the adjustment of the plan of care. Some provide for personalized goals, calendars, and reminders. Educational tools include audiovisuals and quizzes. In patients with persistent asthma, evidence from research studies shows that these eHealth applications can result in an improvement in asthma knowledge, self-management skills, peak flow rates, and adherence to inhaled corticosteroid controller medications and fewer symptoms, missed school days, nighttime awakenings, activity limitations, emergency department visits, and hospitalizations.28-33 These applications are well received by patients.30


A cornerstone of asthma disease management is assessing patients’ level of control of the disease over time. One validated measure of impairment, recommended by the National Asthma Education and Prevention Program, is the Asthma Control Test.34 This free questionnaire is available in an online format (see www.asthmacontrol.com), which patients can complete and take to a health care provider.














Chronic Obstructive Pulmonary Disease


Increasingly, chronic obstructive pulmonary disease (COPD) is being managed in the home. Internet-based telemonitoring systems, smartphones, and mobile phones with computer applications extend the reach of health care providers into the home. eHealth applications for patients with COPD facilitates education, self-management, and timely feedback from health care providers (Figure 7-3). Patients generally have a positive attitude about the role of this technology, and the quality of the transmitted data is good.35 Improved outcomes include earlier identification of deteriorating symptoms, better response to exacerbations, increased rate of sustained exercise after pulmonary rehabilitation, and decreased emergency department visits and hospitalizations.35-37 Additionally, eHealth applications can help detect comorbidities, such as sleep apnea.35
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FIGURE 7-3 Telehealth Homepod. (Courtesy Tele Health Ltd. Dublin, Ireland.)

































Applications in Diagnostics



Hemodynamic Monitoring





In hemodynamic monitoring via pulmonary artery catheters, computers calculate cardiac output, using the thermodilution technique. The thermistor port of the pulmonary artery catheter is linked to a computer. After the health care provider injects room air or iced solution into the catheter, the computer reads the subsequent change in the temperature of the solution and deduces the amount of blood flow or cardiac output.








Blood Gas Laboratories


The accuracy and precision of blood gas data influence clinical decisions and patient safety. Computerized blood gas analyzers and computer-assisted quality assurance measures in a blood gas laboratory are crucial functions in a respiratory care department. Quality assurance data are necessary for accreditation of blood gas laboratories by the College of American Pathologists, the Clinical Laboratory Improvement Amendments, or The Joint Commission. Manual backup procedures must be in place in the event of computer system failure or downtime because of the critical nature of timely reporting of blood gas results and the need to be able to assess archived data at all times. Blood gas laboratories interface analyzers with HIS to make blood gas results immediately available at the point of care; additionally, this enables storage, retrieval, billing, and quality assurance.














Pulmonary Function Laboratories


Some hospitals interface their pulmonary function testing system with the HIS. Alternatively, other hospitals connect their desktop or notebook computer–based pulmonary function testing system to a local area network, which allows clinicians to access reports and graphics from multiple workstations. Most cardiopulmonary exercise and metabolic measurement systems use desktop or notebook computers.








Interpretation of Pulmonary Function Tests


Computer algorithms use standard reference predicted values to aid in the interpretation of pulmonary function tests (PFTs), including spirometry, lung volume, diffusing capacity, and bronchodilator response. The algorithms compare the patterns of the patient’s measured values with reference values based on age, height, gender, and race. The computer classifies the patterns of the patient’s measured values as either normal or abnormal with degrees of severity. However, qualified interpreters must consider the effect of patient effort on the computer-assisted interpretation of PFTs.


The American Thoracic Society recommended pulmonary function reference standards based on the National Health and Nutrition Examination Survey (NHANES). These standards for prediction of normal PFT values may differ from other reference values. This difference can confound the interpretation of successive PFTs in an individual patient when clinicians focus on the computer-assisted interpretation of percent-of-predicted values, rather than the actual observed values.38 Clinicians should have a clear understanding of which reference values were used for each test and interpret PFT results accordingly.





Mini Clini


Computer-Assisted Interpretations of Pulmonary Function Tests in an Individual Patient





[image: image] Problem


A patient with alpha1-antitrypsin deficiency has repeat PFTs, including a diffusing capacity of the lung for carbon monoxide (DLCO). Based on a computer-assisted interpretation, there appears to be a remarkable decrease in the percent-of-predicted value for DLCO. It was previously normal; now it is 68% of predicted, indicative of emphysema. An effective therapy, pooled human plasma alpha1-antitrypsin, is available but expensive. What additional information should the clinicians evaluate?








Discussion


The clinicians should determine (a) the actual observed DLCO values of the previous and repeat tests and (b) whether the computer-assisted interpretations are based on unannounced different reference values. If the computer-assisted percent of predicted values for each test were based on different sets of reference values, it could account for the change in DLCO.
































Information Retrieval


Effective information retrieval is essential to evidence-based respiratory care. It enhances clinical expertise by providing information for the development of evidence-based, patient-driven protocols, and it aids in clinical decisions for individual patients.


Although assessment skills of RTs generally sharpen with experience, their knowledge of the most up-to-date therapies may diminish over time.39 However, the best available medical evidence is dynamic rather than static, and the amount of available information is staggering. A search with the Google search engine using the search word “smoking” yielded more than 169 million results in a fraction of a second. RTs need to be knowledgeable about efficient ways to access, filter, and retrieve information effectively. They must also be prepared to guide increasingly sophisticated patients, many of whom actively seek medical information on the Internet, in retrieving reliable information.








World Wide Web


The World Wide Web is a far-reaching, rich source of information. RTs can “bookmark” helpful websites for clinical practice guidelines, evidence-based systematic reviews of clinical questions, accrediting agencies, or other relevant sites for rapid retrieval of important information (Table 7-2). For example, the Cochrane Collaboration (see www.cochrane.org), well respected for rigorously conducted systematic evidence-based reviews, provides free access to abstracts and summaries pertaining to relevant clinical questions, including questions related to “airways.”




TABLE 7-2


Helpful Websites for Respiratory Therapists








	Organization

	Website










	American Academy of Allergy, Asthma, and Immunology

	www.aaaai.org






	American Academy of Pediatrics

	www.aap.org






	American Academy for Sleep Medicine

	www.aasmnet.org






	American College of Allergy, Asthma, and Immunology

	www.acaai.org






	American Association for Respiratory Care

	www.aarc.org






	American Cancer Society

	www.cancer.org






	American College of Chest Physicians

	www.chestnet.org






	American Heart Association

	www.heart.org/heartorg






	American Lung Association

	www.lungusa.org






	American Thoracic Society

	www.thoracic.org






	ARDS Network

	www.ardsnet.org






	Centers for Disease Control and Prevention

	www.cdc.gov






	Cochrane Collaboration

	www.cochrane.org






	Committee on Accreditation for Respiratory Care

	www.coarc.com






	Cystic Fibrosis Foundation

	www.cff.org






	Global Initiative for COPD

	www.goldcopd.com






	National Board for Respiratory Care

	www.nbrc.org






	National Heart, Lung and Blood Institute

	www.nhlbi.nih.gov/health/indexpro.htm






	Society for Critical Care Medicine

	www.sccm.org






	U.S. Surgeon General

	www.surgeongeneral.gov
























Google Scholar


Google Scholar (see scholar.google.com) is a search engine for scholarly publications in a wide range of fields. It includes peer-reviewed manuscripts, abstracts, theses, and books from academic publishers, professional societies, and university libraries. Google Scholar uses a special algorithm to rank and determine the order of the search results. Variables in the algorithm include analyses of citations, authors, publications, and full texts.


Google Scholar is fast, yields wide-ranging search results, and provides citation data. Additionally, by virtue of agreements with certain publishers, search results sometimes include articles that are otherwise unavailable. The optimal application of Google Scholar may be for initial searches to find a relevant article quickly or when users know either an author or the title of a specific article that they are seeking.














PubMed and MEDLINE


PubMed (see www.pubmed.com) is the free search engine of the National Library of Medicine for health information. It searches several databases, including MEDLINE, the database of the National Library of Medicine of millions of references from thousands of journals related to medicine, nursing, the health care system, and science. The National Library of Science updates MEDLINE references in PubMed almost daily. Each MEDLINE citation in PubMed generally has the following information: title, authors, an abstract, journal, language, type of publication, and Medical Subject Headings (MeSH).


A unique feature of PubMed is that it maps users’ search terms to MeSH. PubMed uses Boolean logic, in which users can combine search words or phrases with connectors such as AND or OR to narrow or broaden searches. Box 7-1 provides examples to illustrate the use of Boolean connector terms.





Box 7-1   Examples of Using Boolean Connector Terms for Search Phrases





Sensitive Searches


The search phrase “surfactant OR bronchopulmonary dysplasia” yields citations that pertain to either search term.








Specific Searches


The search phrase “surfactant AND bronchopulmonary dysplasia” yields only citations that pertain to both of these terms.














PubMed Clinical Queries Filter


The Clinical Queries search filter in PubMed is easy to use and very effective in retrieving valid research studies. To access it, on the PubMed home page, in the center column, under “PubMed Tools,” click “Clinical Queries” (Figure 7-4). On the Clinical Queries page, select one of the “Clinical Studies Categories,” such as “Therapy” or “Diagnosis.” Then select the scope of the search, as either “Broad” or “Narrow.” A “Broad” search is more sensitive, providing more search results; a “Narrow” search is more specific, providing fewer search results. Selection of “Broad” versus “Narrow” depends on the reason for the search. Search results include clinical research studies in the left column and systematic reviews in the center column, or the user can elect to include only systematic reviews in the search results (Figure 7-5). When the user selects “Therapy” from the “Clinical Study Categories” with a “Narrow” scope, the Clinical Queries filter automatically searches for randomized controlled trials and systematic reviews.




[image: image]


FIGURE 7-4 PubMed home page. Clinical queries is under PubMed Tools. (From US National Library of Medicine; National Institutes of Health, Bethesda, Maryland.)
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FIGURE 7-5 PubMed Clinical Queries page, with search results. (US National Library of Medicine; National Institute of Health, Bethesda, Md.)











[image: image] Rule of Thumb


When developing evidence-based patient-driven protocols, the user might elect to start with a “Broad,” sensitive search that is more comprehensive.


When time efficiency is a high priority, such as when retrieving information to assist in the care of an individual patient, the user might select a “Narrow,” specific search strategy.





The Clinical Queries search filter is very sensitive (true positives/true positives + false negatives) and specific (true positives/true positives + false positives) in the retrieval of the best available scientific evidence. A validation study of this search filter yielded 93% sensitivity and 97% specificity.40 The Clinical Queries search filter effectively retrieves valid research studies, while eliminating nonrelevant information and poorly designed studies. Compared with Google Scholar, which lacks any way to filter a large volume of information, PubMed Clinical Queries filter is equally sensitive but considerably more specific, reducing the time it takes to find the best available evidence.41














Additional Features of PubMed


PubMed has additional convenient features. By completing a free registration, users may save search results and receive automatic e-mail updates. The “Send to” feature allows users to print or e-mail search results or send multiple search results to a clipboard. Several modular and interactive tutorials are available.




















Ovid


Ovid is an extensive collection of Web-based information resources, including databases, journals, books, and searching software. Many medical libraries and large hospitals in the United States purchase and use Ovid in some form. An institution can customize Ovid content and resources to meet its particular needs. Among hundreds of available databases in Ovid, medical databases include Medline, Evidence-Based Medicine Reviews, and CINAHL. The Evidence-Based Reviews databases include the Cochrane Database of Systematic Reviews and the ACP Journal Club by the American College of Physicians. The ACP Journal Club features reviews of clinically relevant research studies that were conducted in a rigorous manner. The CINHAL (Cumulative Index to Nursing and Allied Health Literature) database features literature from nursing and 17 allied health professions, including respiratory care.














Information Retrieval by Patients


With the advent of extensive available information on the Web, patients increasingly seek knowledge about diseases and treatments on their own. Eight in 10 Internet users have searched the Web for health information.17 However, many Web users neglect to scrutinize the quality or source of the information, which is largely unregulated.42 RTs should be able to offer guidance to patients about appropriate information sources. Table 7-3 presents the Health on the Net criteria for evaluating the quality of medical and health websites. Selected resources for patients include the AARC site for patients (see www.yourlunghealth.org), the website of the National Lung Health Program (see www.nlhep.org) dedicated to COPD patients, and MedlinePlus.gov of the National Library of Medicine. MedlinePlus features online interactive tutorials, practical instructional handouts for patients, a medical encyclopedia, and videos of surgical procedures.




TABLE 7-3


Health on the Net Code of Conduct for Medical and Health Websites








	Principle

	Code










	Authority

	Any medical or health advice provided and hosted on this site will be given only by medically trained and qualified professionals unless a clear statement is made that a piece of advice offered is from a non–medically qualified individual or organization.






	Complementarity

	Information provided on this site is designed to support, not replace, the relationship that exists between a patient/site visitor and existing physician.






	Confidentiality

	Confidentiality of data relating to individual patients and visitors to a medical/health website, including their identity, is respected by this website. The website owners undertake to honor or exceed the legal requirements of medical/health information privacy that apply in the country and state where the website and mirror sites are located.






	Attribution

	Where appropriate, information contained on this site will be supported by clear references to source data and, where possible, have specific HTML links to that data. The date when a clinical page was last modified will be clearly displayed.






	Justifiability

	Any claims relating to the benefits/performance of a specific treatment, commercial product, or service will be supported by appropriate, balanced evidence.






	Transparency of authorship

	The designers of this website will seek to provide information in the clearest possible manner and provide contact addresses for visitors that seek further information or support. The Webmaster will display his/her e-mail address clearly throughout the website.






	Transparency of sponsorship

	Support for this website will be clearly identified, including the identities of commercial and noncommercial organizations that have contributed funding, services, or material for the site.
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Applications in Management and Administration


Computer applications are important to respiratory care managers and administrators. Respiratory care managers use computer applications to plan, organize, direct, and evaluate. Health care administrators rely on information systems for communication and processing information. There is widespread enthusiasm and support for further development and implementation of electronic health records to make patients’ medical records available across the continuum of care of geographic locations.








Respiratory Care Management Information Systems


Many respiratory care departments use respiratory care management information systems. In addition to charting and billing, respiratory care management information systems provide a means to organize and assign respiratory care orders, measure staff productivity, report clinical results, and execute respiratory care protocols, along with generating data to show their effectiveness via outcomes research (Figure 7-6).
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FIGURE 7-6 Clinivision Mobile Patient Charting (MPC): Workload Estimate for 3 Shifts by Zone. This report is grouped by Zone and then Procedure to show the estimate for the number of procedures, work units, and therapists required. (Image used by permission from Nellcor Puritan Bennett LLC, Boulder, Colorado, doing business as Covidien.)








Respiratory care management information systems, such as CliniVision MPC and MediLinks, provide point-of-care, mobile, charting capabilities via hand-held computers, with wireless transmission of data to HIS. These hand-held computers integrate the AARC Uniform Reporting Manual, which includes time standards for respiratory care procedures, billing codes, and clinical practice guidelines. Additionally, they function as pagers and telephones, provide access to the Internet, and interface with mechanical ventilators and blood gas analyzers.


Hand-held computers offer several advantages compared with paper charts. Hand-held computers facilitate the organization and assignment of workload, facilitate the fulfillment of physicians’ orders, and improve documentation.43,44 Documentation of patient assessment becomes immediately available to other members of the health care team in the HIS. Incomplete or lack of patient information, which is more likely to occur with paper charts, is associated with numerous medical errors that cause adverse events, including prolonged hospitalization and death.45














Benchmarking


Benchmarking is valuable for each of the primary functions of respiratory care managers, including planning, organizing, directing, and evaluating. The AARC provides an online benchmarking system (Figure 7-7) in which managers can compare the performance of their department with other similar departments. Managers can compare the ratio of ventilator days with the number of patients or the number of missed treatments in a given time frame. Benchmarking helps to show the productivity of the department and establish best practices.




[image: image]


FIGURE 7-7 American Association for Respiratory Care, online Benchmarking System. (Courtesy AARC, Irving Texas.)








Additionally, many respiratory care managers benchmark the incidence of ventilator-associated pneumonia in their hospital to that reported to the National Nosocomial Infections Surveillance system. This type of benchmarking can lead to increased efforts to implement evidence-based interventions to reduce the rate of ventilator-associated pneumonia, improving patients’ outcomes.














Hospital Information System


An HIS is a comprehensive system for communication and information processing. It encompasses networks, computer hardware and software, and computerized patient records. The HIS supports both the administrative and the clinical missions of hospitals. For administrative purposes, it facilitates patient billing, reimbursement, and communication. For clinical purposes, key functions of an HIS are to serve as a data repository and a means to report results.


The HIS can permit chart review of clinical data at both central and remote locations. Ideally, patient data are accessible across the continuum of care, from outpatient clinics, emergency departments, and hospitals to rehabilitation centers. Patient data may include chest x-rays, bronchoscopy videos or images, sputum culture results, blood gases, and PFT results. Because hospitals consist of many different clinical units and allied health departments, being able to share data between different devices and computer systems is an important characteristic of an HIS.














Electronic Health Records


Electronic health records can improve access to patients’ updated health information for both clinicians and patients and assist clinicians with clinical decision support. Many investigators have begun to focus attention on the development of a seamless network of transferable, widely accessible, longitudinal electronic health records. A comprehensive national health information infrastructure would result in interconnectivity among health information systems in the United States.46 Core functions are shown in Box 7-2.





Box 7-2   Core Functions of Electronic Health Records







• Medical records


• Results reporting


• Computerized physician order entry


• Clinical decision support


• Electronic communication


• Channels between health care providers and patients


• Patient-entered data








The electronic health record would become the central component of health care information systems, satisfying the information needs of health care providers, public health officials, and individuals, and potentially reduce medical errors and elimination of redundant diagnostic tests (Figure 7-8). It would support health systems planning and development of policies. Major barriers and challenges for the development and implementation of electronic health records are costs, the lack of uniformity of data, the inability to establish an interface among different health information systems, and accounting for the needs of various health professional disciplines.
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FIGURE 7-8 Electronic health records: dimensions of the national health information structure. (From United States Department of Health and Human Services. Information for health: a strategy for building the national health information infrastructure. Available at: http://aspe.hhs.gov/sp/NHII/Documents/NHIIReport 2001/default. htm. Accessed Sept. 25, 2006.)


























Applications in Education


Computing plays a central role in the education of respiratory care students, credentialing of graduates of educational programs, and continuing education for practitioners.








Clinical Simulation


Computerized clinical simulation is a powerful learning aid. Computer-based simulation is a long-standing principal educational method for hazardous occupations that have shown remarkably low rates of failure (e.g., airline pilots, members of the military, astronauts, and nuclear power plant operators). Health care education has progressed to include the use of computer-based, full-body manikins and high-fidelity clinical simulators. These devices feature software to program clinical scenarios and simulated vital signs and physical examination findings that either improve or deteriorate in response to the actions of the learners. The simulators can reproduce situations requiring complex airway management or advanced life support. In virtual surgical simulators, haptic devices allow learners to exert force against simulated tissue that offers realistic resistance, and in virtual bronchoscopy simulators, vocal cord movements are exhibited that are synchronous with the phases of breathing and cough.


Learners are able to suspend disbelief, immersing themselves in carefully planned case scenarios and performing in a manner similar to that of real clinical situations (Figure 7-9). They develop psychomotor, critical thinking, decision-making, and team-building skills. In contrast, traditional methods of didactic education in combination with clinical apprenticeships can result in increased knowledge, but limited, inconsistent experiential learning opportunities, without the benefit of remediation and extensive practice based on feedback. Clinical simulators, to a certain extent, allow for in-depth evaluation of learners’ competencies, rather than evaluation based on the length of time for clinical rotations or the number of performed procedures. They are an excellent tool to help respiratory care departments meet The Joint Commission requirement of demonstrating the competencies of respiratory care staff in an ongoing manner.47,48 Recommended steps in clinical simulation education are diagrammed in Figure 7-10.
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FIGURE 7-9 Clinical simulation benefits students. (From Cummings CW, et al: Cummings otolaryngeal: head and neck surgery, ed 2, St Louis, 2005, Mosby.)
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FIGURE 7-10 Steps in clinical simulation education.








Clinical simulators are particularly valuable for learning how to function in rare but high-risk clinical situations. Training via simulators has resulted in improved performance of health care providers in emergency airway management, advanced life support, bronchoscopy, and surgery.49-53 Clinical simulators have the potential to reduce medical errors and improve patient safety. Simulations promote relatively comprehensive learning (Box 7-3). Performances in clinical settings become more refined and automatic.





Box 7-3   Learner Objectives in Clinical Simulation







• Interpret data


• Recognize and prioritize problems


• Make decisions


• Observe consequences of decisions


• Develop leadership skills


• Develop interpersonal communication skills


• Develop team-building skills


• Use available resources


• Manage stress and crisis














Full-Scale Physiologic Clinical Simulators


Two full-scale, physiologic, clinical simulators are available: (1) SimMan, manufactured by Laerdal Medical (Wappingers Falls, NY); and (2) METI, manufactured by Medical Education Technologies (Sarasota, FL). These simulators generate physiologic functions including pulse, blood pressure, cardiac rhythm, breathing, exhaled carbon dioxide, lung compliance, and bowel sounds. The airways are anatomically accurate to the level of the lung segments. Interdisciplinary teams can practice scenarios such as cardiac defibrillation, hemodynamic monitoring, apnea, right main stem intubations, tension pneumothoraces, occluded endotracheal tubes, high-pressure alarm limits during mechanical ventilation, and loss of medical gas.
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Dates  Historical Event
1585 | The FellO'Duyer device combines a footoperated bellows with a lryngeal b for vertilatory support
1895 | Roenigen (1845-1923; Germany) discovers the “way.” A direct vision laryngoscope s introduced by Jackson inthe United States and Kirstein in Germmany.
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Dates  Historical Event
“Ancient Period
1550 1| Whatmay be the workds oldest medical document, known s Ebers Papy s, describes an ancient Egy tan inbwlational treatment for asthma
800 __| Biblical reference to what may be the fist recorded episode of moulho-mouh resuscitaion
500300 | Hippocrates (460:370 b; Greece) describes diseases s “humoral disorders” an spectltes tha n essenial substance in aie enters the heartand is disrbuted
i throughout the body
304t | Eraistratis of Alexandiia describes the preumatic theory of respiraion,in which i travels through the lungs t the heart and then through he s flled artries
the tissues of the body
100200 | Galen (130-199 ) in Asia Minor identifes “preuma” as the vital substance in inspired ai that enters the heart and then the blood
x

Middie Ages (500-1500 ad) and Remaissance (1450-1600)

5001500
-

“The Middle Ages brings a period of litle scientiic progress inthe West; however, this period coincides with the Golden Age of Arabian medicine (850-1050 od)

1400s-
15005

da Vinci (1452-1519; laly) performs human dissections and physiologic experiments on animals, leaming that subatmospheric inrapleural pressures inflte the
lungs and thatthere s a vitl substance i tha supports combustion

1502

Vesalus (15141564 Belgium), one of he greatearly ploncers in human anatomy, performs a horacolomy o pig, pacing areed tracheotomy twbe for
veniilaion of the il and resusciates an appavently deod person

Seventeenth Centuy (16005)

1625 | Farvey (15751657 England) describes the areral and venous circultory sysiems

163 | Tomicelli (160516147 Il buiks the workds st brometer for mesurement of atmospheric pressure

1648 | Pascal (1623-1662) deseribes the relatonship between altude and baromesic pressure

1662 | Bayle (1627-1691; England) explains the inverse elaionship between gas pressure and volume (Boyle's s pessure [P) » valume [V] = kor [PLV1] = [F2V2))
1666 | Boyle ako describes a mysterious substance in i thatsupporis cambustion

1689 | van Leewenhoek (1632-1723; Holland) improves the microscope and begins the science of microbiology

Eighteenth Century (17005)

1738 | Bemoulli (1700-1782 Switzerland) determines thata the velocity of a liquid or gas increases,the pressure decreases (Bermoul principle). Beroull ko
proposed that gases are composed oftiny partcles in apic, random motion. This idea became the bass of the modem kietic theory of gases, which was
developed further by Maxwell (1831-1879; Scotlad) in 1860

1744 | Fothergill 1712-1750; England) reports successfl resuscitation methods

1754 | Black (1728-1799; Scotland) rediscovers carbon dionide, which he clls “fxed aie” (prior work had been dore by van Helmot n the 16005)

1771 | Scheele (1742-1786; Sweden) makes 6 air”(oxygen) by healing magnesium oxide; Scheele’s findings are published in June 1774

1774 | Priestley (1733-1804; England), uually credited with the discovery of oxygen, publishes his work on “dephlogisticated ai (oxygen) 3 morths after Scheele’s
report

1775 | Lavosier (1743:1794; France) renames “dephlogisticated air”“oxygen,” or “acid maket” and shorws that oxy gen s absorbed by the lungs and corsumed by the
body, producing carbon dionide and water vapor, which are e xhled

1776 | Hunter (1725-1793; England) recommends use of a replace bellows for arical ventiaion

1787 | Charles (1746:1823; France) describes the relationship betwween g emperature and volume; Charles'law: volume (V)ftemperatue (T) = corstant or (V,/T) =
vty

1794 | Lavosier (1743:1794; France) describes oxygen absorption by the lungs and carbon dioxide production

1798 | Beddoes (1760-1808; England) estblishes the Preumatic Instute in Bristol and uses oxygen o trea various disorders

Nineteenth Century (1800s)

1500 | Fierey (1741856 Englas) cetermines ot amount o g dssolved n lid s drctly proporboned 1 s ol presure (Fery s )

18005 | Fck (1825-1911) descrbes amethod 0 calculte cariac utputbased o ovy g corsumpion and areral and venous oxy g corent:
Qr =(Vo,)/(Cao, = Cvo,)

1501~ | Dalion (1766-154%; England) describes his atomic thoory et relaforsip befen he porial pressures and ol prssure of g ey Daliorts L. P, 7,

1508 | +P,..p,-P,., whee P-prossure

1506 | de LaPlace (17491827, France) descrbes the rlaiorshipbefwen pressure o surfce ersio i fid croplets

1908 | Gay Lussoc (7751650, France) doscrbes . elaorship betmeen gas presse and wrperaur; Gay Lussacs L peessae (P emperaars (7~ corstator
/1) = (/T

TSI | Avogadro (1776-185; ly) dscries “Avogadko pancile, where eql volumes ofl grees (e sams portre nd pessu) cort e same et
of rolecues

1516 Laenoec (1781-1625; Frace) invents the stethoscope for chestausculmion and ys the foundaion for moder pulmonology with s book Dierws ) e Chiet

1531 | Graam (1805-1869; Scotland) descrbesdifstonof gases (Grahans lw)

1557 | Magnus (1802:1670; Germery) measurs aririal and venous blood o gen and arbon diorice contert

1546 | Phachineon (18111561, England) develops the sprometeranl messares the vl copacty of more than 2000 human subects

1561 Jones (Unied Saes) ptents a negative pressue device o support veriltion

1565 | Pateur (15221595 France) describes his“germheory” ofdisease

1676 | Wollen develops e spvoptors negaive pressue versltor

1675 | Bort (1535-1686; France)shovs that low inspied onygen levels cause by perventlaion

1550 | MacEwernrepors success with oral endovacheal intabaion

1985 | Miescher Rusch cemortras ot carbon donde i e myor sl forbeaig

1586, | Bob (18551911, Drishy descrbes he onyhemoglobin disociation curve
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[Autbor Date Duration of Study Cost Savings
Hartetal” 559 [3m0 4316 (decrease in actal coss)

Walonetal” 1990 6ye 9.7% (decreme incharges)

O™ 1993 Tye 51,826 (decrease incosts for one ursing i)
Ford"” 1994 Tye $150000 (decresse incoss)
Koma and Stoller' | 1995] 40 patenss 53.3% (ecreme incoss)

Shroke etal” 1996 | 2.y, 4420 pens; cost comparisors:3 mo postprotacol $15,37 for 3 siady mo, avualized 0 $61,48/y1]

StolleretaF*

1998

1yx, 145 potienss

20 (decrease in true costs/patent)

KollefetaF*

2000

9 mo, 694 patents

186 (decrease in charges/patient)

Shelledy etal”

2004

3 m0, 75 patienis

75,395 (estimated annual decrease)
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[TypeofService  Author  Date PatientType No.Patients Frequencyof Overordering. Frequency of Underordering
Supplemenial | Zibraketat | 1986] Adulss NS 55% reduxction in incentive spirometry afier NA
oxygen therapistsupervision began
Brovgher | 1986 Adult non- | 77 38%ordered to receive oxygen despite adequate | NA
etal iU oxygenation
inpatenis
smalletal | 1992 Adl pon |47 72% of patents checked had Pa0, > 60 mm Hg or | NA
iU 540, > 90% but were prescribed oxygen
inpatenis
Kesterand | 1992 Adult non- | 230 28% for supplemental oxygen 8% for supplemental oxy gen
Stoller iU
inpatenis
Abinctal | 1992[ Adultnon | 274 61% orcered to receive supplemental oxygen | 21% underordered, ineluding 19% prescribed
iU despite $20, 292% o receive inadequate O, flow raes.
inpatens
Shelledy | 2004 Aduls 7 o 5.3% indicated but not ordered
etal
Bronchial Zibraketal | 1986 | Aduls NS 55% recuxction in incentive spirometry after NA
hygiene therapistsupervision began
techriques
Shopio | 1988 ] Adult non- | 3400 61% reduction of bronchial hygiene aftersystem | NA
etalt iU evaluions|  implemented
inpatens
Kesterand | 1992 Adult non- | 230 32% Ea
Stoller iU
inpatens
Shelledy | 2004 Aduls 7 37.5% Ea
etal
Bronchodilaor | Zbraketal | 1986 Aduls NS 50% recuxction inincentive aerosalized medication | NA
therapy afer therapist supervision began
Kesterand | 1992 Adult on- | 230 12% 2%
Stoller iU
inpatens
Shelledy | 2004 Aduls 7 344% 53%
etal
Kesterand | 1992 Adult on- | 230 0% 67%
Stoller iU
inpatent
ABGs. Browning | 1989 Surgical ICU | 724 ABGs | 427% inappropistely ordered before guidelines | NA

etal

inpatens

implemented
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[Credential Type No. Credentialed Practitioners.

cxt 206,150
RRT 7215
cPrT 1239
RPFT a1
NS 10060
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| Clincal Activty Autor  Date N Findings
Wearing frommecharical | Kollef ] 1997] 357 ] Use of profocals was associated with shorter duraion of mecharical ventiation
ventiation etar!
Ely ctal” | 1996| 300 | Routine cally traks of spontancous breathing trias were associated with shorter duration of mechanical
ventiation
Marclich | 2000[ 253 | Use of protocals shortened duration of mecharical ventiation
etal’
Respiratory care protocol | Stoller | 1998|145 | Use of respiratory therapy cansultservice was associated with improved allocation of respiratory care service
service etak with lower casts and no adverse events
Kollet | 2000|694 | Use of respiratory protocol service was assacited with fewer arders discordnt with guidelines and loswer
etak charges
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