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Preface


As its title suggests, Pharmacology for the Primary Care Provider is intended for all types of primary care providers, but it is written with a special emphasis on nurse practitioners and physician’s assistants. Our goals are to assist drug prescribers to master the essential information necessary for treating patients with medications and to present factual information on the most commonly prescribed drugs in primary care practice.


As in the previous three editions of Pharmacology for the Primary Care Provider, the Fourth Edition assumes that the reader has a strong grasp of biochemical principles and has experience as a clinician; therefore, it focuses on the basic information that every prescriber must know. Unlike many pharmacology textbooks and drug prescribing texts that grow longer with every edition, this book does not attempt to cover every drug, nor every facet of the drugs included. With the advances in research and the many changes in drug availability, new drug findings, FDA regulations, and official warnings posted online, it is extremely difficult to keep a pharmacology textbook current. Thus, this book focuses instead on assisting clinicians to learn how to evaluate drug information, guidelines, and policies and to critically compare products available for the treatment of given conditions.


Pharmacology for the Primary Care Provider is a unique textbook that mirrors how clinicians really practice. It consistently relies on the most important basic concepts that clinicians must master about each drug category. Research has indicated that most clinicians have a small and basic “list” of drugs that they prescribe, drugs about which they have mastered the details. They know when the patient needs do not fit the drug profile and when they need to consider drugs not on the prescriber’s list. This book follows this same principle by highlighting the most common or important drugs in a given category (often found on the list of the Top 100 Drugs) and providing detailed information about those drugs. All other drugs in the category are then compared with this “key drug,” and only information that is new, different, or very important about the additional drugs is presented for comparison and mastery. When drugs from several categories might be involved in treatment (e.g., various classes of antihypertensives), the book compares mechanisms of action; treatment principles; monitoring requirements; and other specifics related to the disease, diagnosis, treatment regimen, or prognosis that are relevant to each drug category to help the clinician understand the drugs and select the best match to the individual patient requirements. This helps the prescriber develop a depth of knowledge in how to think about prescribing the drug, not just a list of drugs to consider using.


Especially for new prescribers, the goal is mastery of basic information about the drug category and a small number of key drugs.








Special Features


Pharmacology for the Primary Care Provider includes a number of features designed to aid the practitioner in decision making and practice:




• Drug Overview tables at the beginning of each chapter outline the classifications of drugs that will be discussed in that chapter and identify the key drugs to be mastered, identified by the icon [image: image].


• The Top 100 Drugs prescribed in the United States are identified in the chapter-opening Drug Overview tables by the icon [image: image].


• Complete discussions on drug action and drug treatment principles are presented for every drug category.


• Patient Safety Alerts (highlighted by the icon [image: image]) and Clinical Practice Alerts [image: image] impart essential information that primary care providers must remember so that they can avoid serious problems. The Patient Safety Alerts include cautions for prescribing, information about drug interactions, or warnings about particularly ominous adverse effects of which the clinician should be aware. New to this edition are the Clinical Practice Alerts, which highlight professional considerations and challenges beyond patient safety.


• Clinical Guidelines, Evidence-Based Recommendations, and Cardinal Points of Treatment sections are included for all drug categories. This content helps direct clinical decision making and is based on a variety of sources that will help the clinician identify the most valid information and keep abreast of new findings in practice.


• Patient Education sections in every chapter guide the new prescriber in providing effective patient teaching about medications to help ensure adherence to the therapeutic regimen.


• Patient Variables sections alert the provider to special considerations based on age, pregnancy, race, and other factors.

















Organization


Pharmacology for the Primary Care Provider is divided into two parts. Part One contains chapters on essential concepts for the prescription of medications:




• Unit 1 describes the responsibilities of primary health care providers and summarizes the various dimensions of their roles. It also covers the legal parameters and professional role implementation of prescriptive authority and explains what we know about different types of primary health care providers.


• Unit 2 is one of the most important in the whole textbook. It provides a foundational understanding of pharmacokinetics and pharmacodynamics. Specific factors are considered in terms of prescribing drugs to geriatric, pediatric, and pregnant patients.


• Unit 3 discusses some of the factors that underlie the “art” of prescribing, including the therapeutic relationship between drug prescriber and patient. Practical tips on writing prescriptions are explored, and principles of evidence-based pharmacotherapeutics, clinical guidelines, critical decision making, and patient education are discussed.





Part Two contains 12 discrete units that discuss the most important drug categories and the common primary care conditions for which they are used. Chapter text and drug monographs are arranged for easy readability and ready reference in the following consistent and logical manner:




Drug Overview


Indications


Therapeutic Overview




Anatomy and Physiology


Pathophysiology


Disease Process


Assessment





Mechanism of Action


Treatment Principles




Standardized Guidelines


Evidence-Based Recommendations


Cardinal Points of Treatment


Nonpharmacologic Treatment


Pharmacologic Treatment


How to Monitor


Patient Variables


Patient Education





Specific Drugs (beginning with key drugs when relevant and then considering different or especially important information about other drugs in the category)




[Drug Class]




[Drug Subclass]




[Drug Name]




Indications


Mechanism of Action


Contraindications


Warnings


Precautions


Patient Variables


Pharmacokinetics


Adverse Effects [or Adverse Reactions]


Drug Interactions


Dosage and Administration





























New to this Edition







This Fourth Edition reflects the most current thinking and trends in pharmacologic treatment in primary care. Several chapters have been reordered, expanded, or pared down. Information about key drugs has often been expanded, and any redundant information about related drugs has been eliminated. New to this edition are the Clinical Practice Alerts, which highlight professional considerations and challenges beyond patient safety. Now enriching the text of the Fourth Edition is the use of a full-color graphic design and illustrations, which help to highlight important content and facilitate understanding of complex mechanisms. The new full-color design also highlights special features, focuses the reader on alerts and warnings, assists in clarifying content in tables, and facilitates rapid retrieval of important information. The Fourth Edition follows The Joint Commission (TJC) guidelines for avoiding abbreviations in drug prescribing and in discussing dosages and time schedules. Integrated and highlighted coverage of drug-herb and other alternative-therapy interactions is now included throughout chapters and highlighted with the icon [image: image].

















Ancillary Resources


In addition to the readings and references listed in the back of this book, students who purchase a new copy of the textbook receive access to the book’s online Evolve Resources. This website, which is an invaluable resource, contains the following for students:




• A bonus “Economic Foundations of Prescriptive Authority” chapter


• 36 new pharmacology-focused animations





Of additional interest to the instructor, the Evolve Resources website also contains valuable faculty-only resources. A collection of PowerPoint lecture slides (more than 800 slides total) has been thoroughly updated to help faculty to teach each chapter. The Evolve Resource site also provides a 575-question Test Bank featuring an enhanced emphasis on application-level questions in formats that match those of nurse practitioner certification exams. An Electronic Image Collection includes all illustrations from the textbook.














Transition to Practice


Pharmacology for the Primary Care Provider, Fourth Edition, provides the strong, basic knowledge of pharmacology that every care provider needs. It summarizes extremely complex information in a simple format and in a manner that only expert clinicians can provide. Students will appreciate the clear and simple explanations. Mastery of these foundational principles, basic protocols, and key drug monographs will prepare primary care clinicians for the realities of daily practice. We invite you to enjoy this text, learn from it, carry it with you into the clinical area as you begin to practice, and use the resources provided to both expand your pharmacologic arsenal and keep abreast of new changes.


As you gain experience with this textbook, we welcome your comments. As you mature and grow in your role as a primary care clinician, we hope that you will help us progress in our role as educators. It is a cooperative relationship.








Marilyn Winterton Edmunds, PhD, ANP/GNP-C


Maren Stewart Mayhew, MS, ANP









Unit 1


Foundations of Prescriptive Practice




Outline




Chapter 1: Prescriptive Authority and Role Implementation: Tradition vs. Change


Chapter 2: Historical Review of Prescriptive Authority: The Role of Nurses (NPs, CNMs, CRNAs, and CNSs) and Physician Assistants



















Chapter 1


Prescriptive Authority and Role Implementation


Tradition vs. Change
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Increased Focus on Primary Care


Primary care as a concept involves the provision of integrated, accessible health care services by clinicians who are accountable for addressing “personal health care needs, developing a sustained partnership with patients, and practicing in the context of family and community” (Vaneslow et al, 1995). It is generally agreed that providing health care includes one or more of the following functions: assessing health status, promoting healthy lifestyles, identifying/diagnosing normal and abnormal conditions, determining the causes of abnormal conditions, providing referral to health care specialists, selecting appropriate therapeutic measures, implementing treatment, and supervising or monitoring the patient on an ongoing basis. These tasks are commonly referred to as prevention, diagnosis, prescription, and treatment. They describe professional behaviors that involve deciding what is wrong with a patient and then choosing among available therapeutic options to prescribe and implement a course of treatment. Traditionally, these behaviors have been the exclusive domain of the physician and, to a lesser extent, the dentist, until 1965, when other nonphysician provider roles began to emerge.














Traditional Provision of Primary Care


Physicians clearly are the most numerous primary care providers, and their prescriptive practice has influenced all other clinicians who gain prescriptive authority. States first began to enact medical practice acts in the 1920s to protect the public safety. Before that time, the quality of medical education and the competency of physicians were variable. Medical practice acts granted title protection to those individuals who called themselves physicians and identified what requirements must be met for that title to be given. Although other categories of health care professionals were certainly in existence at that time, physicians were the first health care practitioners to gain legislative recognition of their practice (Starr, 1982). The statutory definitions initially created by physicians for the scope of their practice were extremely broad. In an exhaustive study of regulatory restrictions on new types of health care providers, Safreit (1992) provided an example (NC Gen. Stat No. 90-18 [1983]) of one state’s definition of physician or surgeon as follows:


Any person . . . who shall diagnose or attempt to diagnose, treat or attempt to treat, operate or attempt to operate on, or prescribe for or administer to, or profess to treat any human ailment, physical or mental, or any physical injury to or deformity of another person.


Because of the way in which the medical practice acts were written, physicians emerged with an exclusive right to practice that gave them a preeminent position in a hierarchy of healing occupations. Designating physicians as the only providers with diagnostic and treatment authority was intended to protect the public. However, the breadth of the medical practice acts, combined with provisions making it illegal for anyone not licensed as a physician to carry out any acts included in the definition, made it difficult for other health care workers to describe their contributions. All other health care providers, including groups such as nurses and nurse-midwives, had to redefine their tasks or functions as separate from the all-encompassing medical scope of practice. They then had to seek legislative recognition of their own professional roles, no matter how traditional or longstanding their activities might have been (Safreit, 1992).


Dominance of the physician in the health care hierarchy created a virtual monopoly in health care. The medical sociology and professionalization literature is filled with extensive analyses of the factors that led to the development of the cultural, economic, political, and social authority and dominance of the physician, especially the growth and power of organized medicine (Freidson, 1970, 1970b; Starr, 1982).


Having obtained the exclusive right to practice, however, physicians also recognized their need for the services of other practitioners of healing who were “useful to the physician and necessary to his practice” (Safreit, 1992), even if it required giving up some of their monopolistic control. A noted medical sociologist who has traced the professionalization of physicians notes that to solve this dilemma, physicians extended their right to practice to a right from the state to control the activities of other occupations “so as to limit what they could do and to supervise or direct their activities” (Freidson, 1970). In doing so, the profession was able to establish organizational structures that preserved a distinct sphere of professional dominance and autonomy (Safreit, 1992).


The role of the physician has changed dramatically during the past 50 years. Driven by new technology, new procedures, and new medications, physicians have been attracted into specialty practice in greater numbers, leaving primary care positions vacant. Medicare reimbursement has fueled the growth of tertiary care.


The emergence of nonphysicians who claimed preparation for and the desire to provide primary care services came at a time when there was a shortage of primary care services. The emergence of this new group challenged the professional control by physicians, the organizations that have consolidated their authority, and the legislation designed to protect and preserve that position.


Beginning in 1992, the Physician Payment Review Commission recommended radical changes in Medicare reimbursement methods. This shift directly increased financial reimbursement to clinicians who were providing primary care and thus indirectly created an incentive to attract more providers into primary care. The hope was that the numbers and types of providers would be more evenly aligned with the numbers and types of patients who require health care.


Medical schools began to place greater emphasis on preparing primary care clinicians. Teaching methods shifted from the acute care model to include a greater focus on primary care. The hospitalist emerged as a specialist, thus relieving the primary care physician of the need to provide in-hospital care. Reimbursement began to reward the general practitioner. All of these changes have resulted in qualified success, bringing increased credibility and recognition to primary care providers; however, the number of specialists remains disproportionate.


Notwithstanding the longstanding precedent for physicians to provide primary care, there remained a disparity in the ability of physicians to meet the primary care needs of the populace. Nonphysician providers began to fill that niche with increasing success. The nonphysician providers who emerged during the 1960s and 1970s were well accepted by their patients; delivered high-quality, cost-effective care; and generally increased the access of patients to health care (OTA, 1986). These providers continued to work cooperatively with physician providers, most often in joint practices.














Importance of Prescriptive Authority in Health Care Delivery


Medications are powerful weapons against disease. Pharmaceutical companies add many new drugs every year to the nation’s pharmacopoeia. Hundreds of new drugs, including many new drugs for children, are in the research and development pipeline and are providing a new armamentarium for clinicians to use in treating patients with chronic disease.














Research on Prescriptive Practice of Physicians


Physicians and dentists are the professionals who traditionally have been given the undisputed right to prescriptive authority. The prescriptive practice of physicians in primary care practice has been thoroughly documented by the pharmaceutical industry. What medications physicians order and how many prescriptions are written are closely monitored. Studies have not only evaluated basic prescribing practices but have analyzed the effects that multiple variables have on prescribing habits. While the prescriptive behavior of physicians may not be the gold standard of primary care practice, it has been the only standard, and their strengths and weaknesses bear exploration by other groups seeking prescriptive authority. Some of the key findings are briefly presented here.


The National Ambulatory Medical Care Survey (Cherry & Woodwell, 2002) collected data on drugs most frequently used in office-based practice and found that 64.21% of all office visits resulted in the generation of at least one prescription. The top five categories of prescriptions were antidepressants, nonsteroidal antiinflammatory agents, antihistamines or bronchodilators, antihypertensives, and antihyperlipidemics. During the past 20 years, these categories have remained relatively consistent, although antimicrobial drugs have now fallen from the top five. In the 2000 National Ambulatory Medical Care Survey (Cherry & Woodwell, 2002), researchers examined physician prescribing in both general and family practice. They found that for those patients who made an office visit, 33.9% did not receive any prescription; however, 28% received one prescription, 16.1% received two, 8.8% received three, 4.9% received four, 3.2% received five, and 5.3% received six. The percent of visits involving medications ranged from 78.8% for internists to 29.9% for general surgeons. General and family practice physicians deal with medications in 76.3% of visits.


Many more studies have examined the types of medications prescribed, and over the years, patterns have changed. Stolley and Lasagna (1969) found that 95% of all physicians prescribed one or more medications to a patient with a common cold, and more than 60% of these prescriptions were for antibiotics. In 1972, a computerized retrieval system examined 20,000 prescriptions and found that antibiotics topped the list of most frequently prescribed medications, followed by tranquilizers, nonnarcotic analgesics, oral contraceptives, and antitussives (Stolley et al, 1972b). In 1974, researchers found sedatives and hypnotics heading the list (21%), and antibiotics (15%), antihistamines (8%), dermatologic preparations (6.6%), and cardiovascular drugs (6.5%) accounted for the top five classifications (Rosenberg et al, 1974). As the years progressed, sedatives, tranquilizers, and hypnotics began to decline in popularity (DeNuzzo, 1981; Knoben & Wertheimer, 1976; Rossiter, 1983). The 2000 National Ambulatory Medical Care Survey, which was released by the Centers for Disease Control and Prevention (Cherry & Woodwell, 2002), shows that the top categories of drugs are very similar to those reported 20 years earlier. However, antibiotic categories have become antimicrobial, accounting for the change in prescribing due to AIDS. The most frequently prescribed drug in 2000 was Claritin, followed by Lipitor, Synthroid, Premarin, and amoxicillin. Acetaminophen was the generic substance most frequently prescribed. The survey documented a 21% increase over the past several years in the percent of office visits in cases in which cardiovascular-renal drugs, such as angiotensin-converting enzyme inhibitors, β-blockers, or antihypertensive medications, were prescribed. Between 1997 and 2000, a 25% increase in percentage of visits occurred in cases in which a hormone was prescribed, whereas the increase in the percent of metabolic/nutrient drug visits rose by 41%. The report suggested that these changes reflect the drug use patterns of the health-conscious baby boomers and the growing number of seniors whose chronic conditions can be treated by the wide variety of medications on the market today. Of note is that in the latest findings presented in the 2004 report, antidepressants are the most widely prescribed drugs. After 2006 statistics were collected in terms of “mentioned drugs,” and numbers of prescriptions for drug categories were not calculated. However, by 2008 analgesics were 10.7% of drugs mentioned, antihyperlipidemic agents followed with 5.8%, and antidepressants agents at 4.2%. Beta-adrenergic blocking agents and antidiabetic agents followed, with anxiolytics, sedatives, and hypnotics making up the next highly mentioned category of drugs. Analysis of the medication data reveals that the drug categories mentioned were dominated by five therapeutic classes: pain relievers, cardiovascular-renal drugs, respiratory tract drugs, CNS drugs, and antidiabetic drugs (USDHHS, 2008).


Less research has been conducted on the appropriateness of physician prescriptive practices, although the literature suggests that some physicians may write prescriptions for problems that might well respond to many nonpharmacologic treatments (Avorn et al, 1991). Considerable numbers of prescriptions are also written for off-label or non-FDA-approved drug use.


The pharmaceutical industry has expended considerable research dollars on determining how best to influence prescribers to adopt a particular drug. When a new drug product is developed, research suggests that the rate of adoption by prescribers may be divided into five profiles: innovators, early adopters, early majority, late majority, and laggards. Although the speed at which prescribers adopt the drug varies, the individuals within each profile all go through a four-step process—awareness of the new drug, interest, evaluation, and trial—that leads to adoption.


Denig and Haaijer-Ruskamp (1992) described an “evoked set” that includes a small number of possible treatments (typically containing all therapies, including nondrug therapies) that a physician might consider for a specific condition. Clearly, if a therapy is unfamiliar or unknown, it will not be included in the physician’s evoked set. The evoked set for all possible medical problems makes up the “total drug repertoire” or “therapeutic armamentarium” and, on average, includes 144 drug preparations per physician. Researchers have concluded that over a 12-month period, physicians write 5.4% of prescriptions for new drugs and that 42% of the time this product replaced a drug that was previously part of the repertoire. “Once a product is part of the evoked set, it has a propensity to be prescribed through habit rather than through active problem-solving” (Groves et al, 2002). So prescribers both adopt and relinquish drugs in their therapeutic armamentarium. This change in the product choice comes as innovation is diffused or communicated through certain channels over time among the members of a social system. Burban, Link, and Doucette (2001) suggested that the factors that influence new drug adoption are the perceived attributes of the innovations, communication channels used to discuss these attributes, the nature of the social system, and physician characteristics.


Other studies over the years have attempted to predict which variables most strongly affect prescribing habits. Younger physicians and specialists tend to prescribe more appropriately and to prescribe fewer medications (Miles & Roland, 1975; NCHS, 1983a;). Stolley et al (1972) also noted that generally the more appropriate prescriber was the one who was in a large group practice and who used physician consultants and journal articles to guide pharmacologic decision making. Miller (1973, 1974), Smith (1977), and Stolley and Lasagna (1972) identified multiple variables that may influence drug prescribing. Colleagues, pharmaceutical representatives, journal articles, the Physicians’ Desk Reference, medical meetings, sponsored office lunch discussions, and journal advertising were reportedly the primary sources of information about medications and therapeutic regimens.


In a summary of a growing body of literature, it has been suggested that financial ties to drug companies may influence physicians’ prescribing judgments. One study found that physicians who requested specific additions to a hospital pharmacy were substantially more likely to have met with drug company representatives or to have accepted money from drug companies. However, physicians may not recognize the potential influence of drug companies on their behavior. One study of primary care physicians said that they placed little weight on drug advertisements (68%), pharmaceutical representatives (54%), and patient preference (74%) and that they relied heavily on academic sources for drug information. Yet the study found that commercial rather than scientific sources of drug information dominated their drug information materials.


Guidelines issued by the U.S. Food and Drug Administration (FDA) in 2001 prompted the American Medical Association and the Pharmaceutical Manufacturers and Researchers of America (PhRMA) to issue ethical guidelines that clarify the appropriate relationship between pharmaceutical companies and drug prescribers. These guidelines forbid pharmaceutical companies from giving to prescribers nonpatient care–related items exceeding $100 in value; they also clarify the role that pharmaceutical companies can and cannot play in the continuing education of provider groups. Current gifts to health care providers from pharmaceutical companies are restricted so that even pens are forbidden.














Problems in the Prescribing Practice of Physicians


Difficulties documented over the years in prescribing have been remarkably consistent. The conclusions of numerous studies suggest the following:




1. Problems are created in writing up-to-date prescriptions because of physician failure to keep abreast of changes. Information about new products and new research findings diffuse slowly into practice. Typically, many physicians have been wary about suggestions for change in their practices until they have seen evidence of safety and utility, especially for medications. Physicians in solo or isolated practice often fail to realize that they are out of step with other general practices because they may not have an opportunity for daily critical debate and exchange among colleagues. Few physicians have had sufficient time to keep up-to-date on new materials and instead rely on drug advertisements and pharmaceutical representatives for information. Most information in pharmacology textbooks is outdated before it is printed. The Internet and smart phones now assist in providing up-to-date information, although the problem now is often too much information for the physician to read. Internet webinars, continuing education activities, interactive discussion boards, and research abstracts from international specialty conferences, along with the ability to obtain specialist consultations through Telehealth, will dramatically affect how providers obtain and use information and whether it will make a difference in their practice.


2. Pharmaceutical companies influence practice and provide drug samples. When the bulk of information coming to a physician is provided through biased marketing sources, physicians may have a difficult time evaluating the relative merits of competitive products (Smith, 1977; So, 1998). Intervention by the FDA over the years has limited the amount and type of pressure that drug detail representatives can exert directly on physicians to encourage them to use their products. Requirements for more balanced presentations of information about diagnostic and treatment methods have helped to upgrade the quality of valid information given to physicians. Current PhRMA guidelines are a step in the right direction but remain voluntary.


3. Lack of time has become a major factor in all medical practices. The emphasis on making money in many health maintenance organizations has led to decreased time for patient encounters, leading to inadequate history taking, failure to clearly define the problem, and an overreliance on drug therapy (Avorn et al, 1998).


4. Consumers provide pressure to prescribe medications. Although the interest of consumers in their health care is usually a positive trait, the demand of patients on the physician to “do something” has translated into an increased insistence by the consumer on being given a prescription. This pressure has increased as a result of the widespread use of Direct-to-Consumer advertising on TV and in lay magazines. Giving in to these pressures has resulted not only in a society of individuals who tend to take a pill for everything but also in the widespread overuse of antibiotics, thus contributing to the problems caused by drug-resistant organisms. In an FDA survey of physicians’ prescribing behaviors, physicians reported an increase in the number of patients who ask them to prescribe specific drugs. They reported that in 41% of cases, they had to spend time correcting misconceptions of the patient; in 26% of cases, the drug was not needed; and in 9%, the patient wanted the drug rather than another therapy that was ordered. More revealing was the research that showed that when patients asked for a specific prescription, most of the time they received it (Aiken, 2003).


5. Prescriptions are often illegible. Pharmacists report great difficulty in accurately reading the writing of many physicians. This has led to major errors in dispensing of medications as they try to determine what the physician might have written. Use of preprinted prescription pads, fax machines, and computer-generated forms will help to decrease these problems. The current federal mandate for electronic medical records and electronic transmission of prescriptions for Medicare providers will set the trend for other health care insurers. The Joint Commission has issued requirements for its accredited organizations to avoid using abbreviations for certain drugs, drug dosing frequencies, and how drug dosages are written in order to reduce prescribing errors.


6. Providers may fail to detect or anticipate drug interactions. Lack of provider awareness about the influence of different drugs on the liver cytochrome P450 enzyme pathways has meant that drug–drug interactions have made many medications ineffective. Increasingly pharmacy computer software and PDA programs can alert providers to these types of conflicts. Over 5 million times each year, one of the nation’s largest real-time computer systems alerts American pharmacists that the drug combinations they prescribed could trigger potentially lethal drug interactions. The prescription warning system issues 45 million alerts annually. Many warnings are issued for drug interactions that have been well described in the professional literature, but the high numbers of prescription drugs per patient often make it difficult for prescribers to remember these potential drug combination problems. An even greater challenge is the growing use of OTC and herbal products; often the patient’s physician is unaware of this usage, and many of these products do interact with prescription drugs.

















Summary


Because physicians and dentists were the only major health care providers with prescriptive authority for many years, much of what we know about prescriptive behavior is based on their patterns. Thus, the practice characteristics of other health care practitioners inevitably will be compared with those of physicians whether physician practices are adequate or not. Rigorous methods have not yet been implemented to examine whether physician performance consistently correlates with approved therapeutic practice. New types of health care providers insist that their prescriptive practices should not be compared with those of physicians but that all providers should be held to a standard of approved therapeutic practice. These standards of care are just beginning to be defined and are being driven by the concepts of evidence-based medicine.


Because of the large number of physicians, the bulk of primary care medicines will continue to be prescribed by physicians. What physicians prescribe and how effective they are in choosing the appropriate medication will continue to be important information pertaining to all prescribers with prescriptive authority. The challenge for new health care providers is to learn from the experience of these traditional health care prescribers.
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Overview


Traditionally, prescriptive authority has been the domain of physicians and dentists. The impact of physician prescriptive authority and primary care practices on other types of providers is important. Research on the practices of nonphysician providers has demonstrated conclusively that they are qualified to provide primary care. Although physicians have a broader education than other types of health care providers such as nurse practitioners and physician assistants, the extent of education required to provide primary care services is not clear. It appears that many physicians may be overeducated to provide primary care and other clinicians might be just as competent in delivering primary care (Safreit, 1992), leaving physicians to care for patients with more complicated conditions that clearly require an extensive breadth of education. Some nonphysician providers, such as doctors of pharmacy (PharmDs), have added diagnostic and assessment skills to their pharmacology knowledge, making them valuable contributors to the health care team, while still not challenging the overall clinical role of physicians.


Because of the importance of medications in treating primary care problems and in providing the full scope of health care services required by the typical primary care patient, all providers must be able to prescribe medications. This is especially true in rural areas, where only one provider may be available. However, it is just as true where many providers are competing with one another and trying to make a living. If meeting patients’ needs is the primary focus in the provision of primary care services, then providers should not be artificially restricted from meeting as many needs as possible (Safreit, 1992).


As relative newcomers, advanced practice nurses, physician assistants, PharmDs, optometrists, and others have had to carve out their prescribing role legally over time and separately in each state. The largest new groups to assume prescriptive authority in the past 50 years have been the nurse practitioners and the physician assistants. Obtaining prescriptive authority was one of the major benchmarks achieved by these new provider groups as they developed their new roles. If one is to understand some of the problems faced by these providers today, one must learn about the history of how their prescriptive authority came to be. To trace the progress of prescriptive authority for these two groups, let us examine their experiences separately because their progress in obtaining prescriptive authority has followed different pathways. Of necessity, this review relies on many historical articles, as well as the classic research and literature that have documented progress in this area.


For many years, the boundaries of nursing practice have been carefully constrained by state nurse practice acts that maintained that “nurses do not treat, diagnose, nor prescribe” (Kelly, 1974). However, the 1960s saw a critical mass of bored, talented nurse clinicians, whose substantial scientific education had been underused, and whose ideas about making changes in their role were spurred on by the consciousness raising of the feminist movement. This happened at a time when other health care personnel were being pulled into the Vietnam War and concern had arisen about how primary health care could continue to be delivered (Edmunds, 2000).


This time was formative for the nurse practitioner (NP) movement. Although some educators decried the NP movement as a cause designed to encourage nurses to leave nursing to become handmaidens to physicians (Rogers, 1972), many nurses and some nursing leaders believed that this role would breathe new life into the profession of nursing (Ford, 1979).


The NP role and the physician assistant (PA) role paralleled each other in development during the mid 1960s. The two roles were initiated as the result of different factors but were fueled by the desire of medics and nurses in Vietnam to continue to practice in an expanded role in the health care field once they returned home. The role of NPs was developed within the traditional nursing foundation; however, the PA role was defined under the guidance and advocacy of the medical profession. These two routes led to somewhat different experiences in role development and role outcome.


The expanded role of the nurse did not begin with NPs. Certified Nurse-Midwives (CNMs) and Certified Registered Nurse Anesthetists (CRNAs) had already established their own, very clearly defined roles several decades earlier. The Clinical Nurse Specialist (CNS) trend in educational preparation grew out of the increased use of registered nurses in high-technology cardiac units, intensive care units, and dialysis units in hospitals at about the same time that the NP role was being initiated in the primary care setting.


What all of these roles had in common was that in each case, clinicians assumed some of the functions traditionally reserved for physicians. As such, they came to be known as advanced practice roles.















The Prescriptive Authority of Nurses



Changes in Roles for Nurses: When and Why





Advanced practice nurses (APNs) were referred to by a variety of titles, the most lasting of which were midlevel providers, nonphysician providers, and physician extenders. The first educational programs for providers who sought these new roles had varying names and curricula, awarded different credits, and prepared graduates who exhibited varying skills and competencies.


In contrast to NPs with their primary care focus, CNSs were educated for and practiced primarily in acute inpatient settings and specialty units. As such, although their practice was certainly advanced, they were not responsible for initiating the medical diagnosis and treatment of patients but were true experts in nursing care (Lewis, 1970). They provided advanced consultation and education and conducted research about specific patient problems. This group was frequently the most highly educated of the advanced practice nursing groups in that a master’s degree was almost mandatory for entry into the training. However, because they do not directly generate revenue, their role has been difficult to maintain.


Initially, it was unclear whether there would be jobs for any of these nurses with advanced diagnostic and therapeutic training. It was also unclear if they could legally perform some of the tasks that they had been taught to perform. However, the educational programs that were eventually established were highly selective of their students and demanding in their requirements. Students were not allowed to graduate unless they could demonstrate a high degree of competence. Students were typically experienced nurses who were determined to practice nursing in a different way and wanted to make a difference. They were assertive and creative, and they were risk takers (Edmunds, 1978). Because of this combination of experience, competence, and assertiveness, these nurses earned support from patients and grudging acceptance from their physician colleagues.


All expanded nursing roles enjoyed an uneasy relationship with medicine during the early phase of their professional development, and many physicians assisted in role development by teaching in educational programs and hiring the new types of providers. These physicians clearly came to respect and support the accomplishments of nurses in the advanced practice role. Early antagonism changed to tolerance or acceptance. Then, in the 1990s, new sources of hostility developed among physicians who had once been supportive. The American Medical Association (AMA) began urging physicians to consciously limit further “erosions of their turf” legislatively and professionally, and to view nurses with expanded roles who wanted direct reimbursement for their services as true competitors for patient loyalty and money (Safreit, 1992).


Nevertheless, because of growth in acceptance of the NP role and passage of legal authorization for expanded nursing practice in many states, educational programs thrived. The certificate programs that developed to prepare NPs gave way to university programs, with the understanding that NP education should be attained at the graduate level if it was going to withstand the criticism of physicians. Over time, universities felt the demand from more students who sought entry into NP programs. This led to the development of a multitude of master’s degree programs with varying curricula, different standards, and questionable competencies. By 1995, with sudden media attention growing out of health care reform debates, congressional recognition of the NP role, and increased professional visibility for NPs, many other graduate nursing programs were emptying as students rushed to become NPs. This included many of those nurses with preparation as CNSs, who were now seeking retraining as NPs. Capitalizing on increased demand, many facilities changed their admission standards to take advantage of the growing number of NP applicants, some of whom had never even practiced as nurses before they elected to take on this new role. This action by universities did not always consider the market’s limited ability to provide a sufficient number of teachers or to hire the increased number of NP students.


In 1996, the American Association of Colleges of Nursing (AACN) released a document called The Essentials of Master’s Education for Advanced Practice Nurses. The ensuing discussion and acceptance of recommendations in the Master’s Essentials curriculum led to the notion that almost all nurses with a master’s degree were APNs. Thus, the term advanced practice nurse lost its ability to denote the CNS, CRNA, CNM, or NP whose role had overlapped so much with traditional physician practice. Those nurses who assumed tasks usually performed by physicians now were often described in business and industry as the “nurses with diagnosing and prescribing authority.”


Clearly, all advanced practice roles have survived for longer than 40 years because the clinicians who have practiced within them were competent (Brown & Grimes, 1995; OTA, 1986). Patients liked the blend of nursing with the expanded assessment and treatment skills of the new providers. The weight of evidence indicates that “within their areas of competence, NPs and CNMs provide care whose quality is equivalent to that of care provided by physicians. Moreover, NPs and CNMs are more adept than physicians at providing services that depend on communication with patients and preventive actions. . . . Patients are generally satisfied with the quality of care provided by NPs . . . and CNMs, particularly with the interpersonal aspects of care” (OTA, 1986).


These new providers offered enhanced access to acceptable care, increased productivity, and cost-effective alternatives (OTA, 1986). These behaviors, combined with successful legislative efforts in each state to legally authorize the expanded practice of nurses, ensured survival and growth of the role.


One component of role function with which each of these groups had to grapple, however, was prescriptive authority. Unlike CNMs or CRNAs, most NPs believed that they could not fully implement their role or provide services that patients required without being able to prescribe medications (Safreit, 1992). The need for CRNAs and CNMs to have prescriptive authority was less clear. Additionally, some aspects of CNS practice began to move away from hospital-based acute care services and to look increasingly like NP primary care practice. These nurses also desired prescriptive authority. So, these types of nurses were required to amend the nurse practice acts in all 50 states to obtain broader authority in their new roles and to gain specific authorization to “treat, diagnose, and prescribe.” Every state has since addressed this issue, with great variability in the legislation passed. Opening up a nurse practice act for revision was essential but often led to unwanted and unwarranted interpretation or regulation.
















Legal Foundation of Prescriptive Authority for Nurses in Advanced Practice Roles


Federal and state statutes and administrative law define control of drugs, including the act of prescribing. How these three elements work together to protect the public has evolved over time. Early regulatory precedents that gave primary prescriptive authority to physicians became a barrier to change for those new health care providers who sought prescriptive authority (Safreit, 1992; Sutliff, 1996).








Role of the Federal Government


Before the turn of the century, no laws were in place to govern the use of drugs. A myriad of elixirs, tonics, and pills that contained any combination of drugs, including opium and cocaine, were sold freely to anyone who was willing to pay the price. It was not until 1906 that the federal government enacted the first law, the Food and Drug Act, that prohibited adulterated or misbranded food or drugs from interstate commerce (Nielsen, 1992).


However, true drug safety was not effectively addressed until 1938, when the U.S. Congress passed the Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.), which required drugs to be appropriately tested for safety and labeled with adequate directions for use. However, the explosion of new drug development in the 1940s made the labeling provision difficult to achieve. Thus, the Durham-Humphrey Amendment of 1951 was implemented, creating a separate category of drugs, known as legend drugs. Drugs were considered to be legend drugs if they bore the legend “Caution: Federal law prohibits dispensing without a prescription” (21 U.S.C. 353). These drugs did not require specific package labeling but instead required medical supervision for their sale and use. This act also instituted the process whereby the pharmacist dispensed legend drugs after first obtaining a written prescription from an authorized prescriber (Nielsen, 1992).


The other major piece of federal legislation that affected drug regulation was the Comprehensive Drug Abuse Prevention and Control Act of 1970. This act limited prescribing, dispensing, manufacturing, and distribution to those individuals who were registered with the Drug Enforcement Administration (DEA), an agency of the Department of Justice. It also classified narcotics and other drugs such as depressants and stimulants by their abuse potential, with differing levels of control assigned to each class (Nielsen, 1992). Thus, some legend drugs were further categorized as controlled substances (see Chapter 10 for a classification of controlled substances) and were placed under additional restrictions.


As noted, the DEA will register individuals who may prescribe narcotics and other controlled substances. However, registration depends on state authority to prescribe controlled substances. Consequently, only nurses working in states that grant authority to prescribe controlled substances may apply for and receive a federal DEA number.














State Control of Prescriptive Privileges


Although the federal government has taken broad control over drug regulation, it has no control over who may prescribe, dispense, or administer drugs (Buppert, 1999). This role belongs solely to the states and is generally addressed in the statutes, rules, and regulations that outline the licensure and scope of practice of specific health care providers. The state law that enables nurses to practice nursing is a legal statute titled the Nurse Practice Act. Nurses are individually licensed by the state in which they practice.


In their efforts to protect a vulnerable and possibly ill-informed public in need of health care, every state has enacted licensing laws for health care providers. If people do not have the information or the ability to make safe judgments about the qualifications and abilities of providers, the state serves as a proxy to gather this information through licensing. Although the state establishes a list of minimum requirements that one must meet to be licensed within that state, meeting these requirements does not necessarily guarantee that the provider is competent. Thus, licensure as a mechanism to protect the public has not been conclusively demonstrated (Bullough, 1980).


Boards of nursing have been somewhat perplexed about how to make certain they are protecting the public safety when the nursing role has changed so dramatically over time. In 1985, the National Council of State Boards of Nursing (NCSBN) adopted a position paper on advanced clinical practice that called for regulations to be adopted in each state that mandates a minimum of master’s preparation in a clinical nursing practice specialty, to serve as the basis for advanced clinical nursing practice. NCSBN also mandates recognition of national certification to identify nurses for advanced clinical nursing practice. However, it is clear that use of a national certification examination (established to provide professional recognition) to obtain a license to practice in an individual state is fraught with its own problems (Edmunds, 1992).


Whether traditional registered nurse licensure adequately protects the public when a nurse moves into an expanded role, or whether a second license should be given, is a matter that is still being discussed (Klein, 2007). Nurses with advanced education want legislative parity with physicians, who are not required to obtain additional licenses if they are professionally credentialed in another specialty.


As a result of all these factors, wide variability is seen among states relative to who may prescribe and under what conditions prescriptive authority is granted. In addition, the degree of prescriptive autonomy and authority constantly evolves as new laws are passed and regulations are promulgated.


In their seminal studies, Fink (1975) and, later, Trandel-Korenchuk and Trandel-Korenchuk (1978) attempted to categorize the variations in prescriptive authority allowed in different states as they related to NPs. Essentially, two types of prescriptive authority are afforded to NPs: delegable authority and authority legislated by nursing statutes or regulations. Delegable authority requires the nurse to perform under the direction of a physician, mandates the initial physician-patient relationship, and is legally based in medical practice acts. Delegable prescriptive authority can be further delineated into three subtypes: (1) physician determination of patient-specific medications and authorization of the nurse to prescribe accordingly for that patient, (2) standing order/protocols that serve as instructions for prescribing, and (3) renewal of prescriptions by the nurse, based on prescriptions initially ordered by the physician. Without delegated authority, the nurse cannot legally prescribe medications under any circumstances but can recommend nonprescription medications. Although these categories were defined in the 1970s, they are still relevant today, and these differences help to explain some of the barriers to prescriptive authority that have been faced by NPs.


The second route to prescriptive authority is that legislated by the state nurse practice act or by rules and regulations proposed by state boards of nursing and, at times, by medical and pharmacy boards. Two types of prescriptive authority are permitted in nursing legislation. The first type, dependent authority, requires that the physician retain ultimate authority through countersignature of prescriptions and/or by a written agreement between the NP and the physician that outlines the need for NP chart review, discussion, and oversight, with the physician collaborator (Bell, 1980). This mode is similar to the delegated authority concept described previously and is practiced in many states. Conversely, independent authority allows the NP to prescribe alone. Independent authority may still be restricted, for example, by excluding controlled substances or by limiting drugs to those listed in a formulary.






















An Overview of the Prescribing of Advanced Practice Nurses



Clinical Nurse Specialists



Definition and Scope of Practice





The clinical specialist in nursing practice is a nurse who, through study and supervised clinical practice at the graduate level (master’s or doctorate), has become expert in a defined area of knowledge and who practices in a selected clinical area of nursing (American Nurses Association, 1980).


The role of the CNS embodies a unique combination of tasks. The specialist is prepared to serve as an expert in clinical practice, an educator, a consultant, a researcher, and, often, an administrator. “The boundaries of the specialty are defined by the phenomena of interest to the CNS. These phenomena may change, reflecting the needs of society, and may therefore cause the boundaries to expand” (Sparacino et al, 1990).


Nurses who electively sit for national certification in a specialty most closely resemble their physician colleagues who become board certified in a particular specialty. This type of certification professionally recognizes the nurse as an expert. This scenario differs from that of other nursing groups such as NPs, who often are required by the state to obtain national certification to be licensed for entry into practice.








Status of Prescriptive Authority


CNSs who were hospital based had no need for prescriptive authority. However, as CNSs left the acute care area to take specialty practice into the home or community, they had an increasing desire to be able to write prescriptions so they could meet the needs of their patients. Currently, CNSs have some form of prescriptive authority in 30 states; in eight of these states, this authority is restricted to those clinical specialists in psychiatric/mental health.


In almost all states in which CNSs have obtained prescriptive authority, this has occurred because they formed coalitions with other APNs and were granted prescriptive authority through those coalitions. In many states, CRNAs, CNMs, NPs, and CNSs all are defined by legislative statute as APNs, and legislation has been written to grant prescriptive authority to APNs—not to individuals with different titles in that category. Because of this, many CNSs acknowledge that they have piggybacked on the efforts of other advanced practice nursing groups in the state to obtain prescriptive authority. In no states have CNSs obtained prescriptive authority while other nurses were denied those privileges (Pearson, 2007). This trend is likely to continue.


No identifiable research studies have focused on CNS prescribing practices. Without research that documents the safety and accuracy of CNS prescriptive authority, few conclusions may be drawn about their practices.















Certified Registered Nurse Anesthetists



Definition and Scope of Practice





Certified registered nurse anesthetists (CRNAs) are registered nurses who have become anesthesia specialists by taking a graduate curriculum that focuses on the development of clinical judgment and critical thinking. Their official website says, “They are qualified to make independent judgments concerning all aspects of anesthesia care based on their education, licensure, and certification. CRNAs are legally responsible for the anesthesia care they provide and are recognized in state law in all 50 states, the District of Columbia, Puerto Rico, and the Virgin Islands” (AANA, 2012). The CRNA provides preoperative, intraoperative, and postoperative care to patients and assists in the management and resuscitation of critical patients in intensive care, coronary care, and emergency situations. They develop their specialty in anesthesia by completing a graduate curriculum that emphasizes the development of critical judgment and critical thinking. “They are qualified to make independent judgments relative to all aspects of anesthesia care based on their education, licensure, and certification. As clinicians, they are legally responsible for the anesthesia care they provide” (AANA, 2012.)


Nurse anesthetists have been providing anesthesia services in this country for longer than a century. Working in conjunction with anesthesiologists, surgeons, and, where authorized, podiatrists, dentists, and other health care providers, nurse anesthetists administer approximately 65% of all anesthetics given each year in the United States. They are found in every setting in which anesthesia is provided and work with every age group and every type of patient. They use the full gamut of anesthesia techniques, drugs, and technology and are the sole anesthesia providers in more than 70% of rural hospitals (AANA, 2012).


The American Association of Nurse Anesthetists (2012) maintains that the CRNA scope of practice includes, among other things, the following:




• Performing and documenting a preanesthetic assessment and evaluation of the patient, including requesting consultations and diagnostic studies; selecting, obtaining, ordering, and administering preanesthetic medications and fluids; and obtaining informed consent for anesthesia.


• Developing and implementing an anesthetic plan.


• Initiating the anesthetic technique, which may include general, regional, local, and sedation.


• Selecting, obtaining, and administering the anesthetics, adjuvant and accessory drugs, and fluids necessary to manage the anesthetic.


• Facilitating emergence and recovery from anesthesia by selecting, obtaining, ordering, and administering medications, fluids, and ventilatory support.


• Implementing acute and chronic pain management modalities.


• Responding to emergency situations by providing airway management, administration of emergency fluids and drugs, and using basic or advanced cardiac life support techniques. CRNAs provide anesthesia in collaboration with surgeons, anesthesiologists, dentists, podiatrists, and other qualified health care professionals. When anesthesia is administered by a nurse anesthetist, it is recognized as the practice of nursing; when administered by an anesthesiologist, it is recognized as the practice of medicine. Regardless of whether their educational background is in nursing or medicine, all anesthesia professionals give anesthesia the same way (AANA, 2012).


• In 2001, the Centers for Medicare & Medicaid Services (CMS) changed the federal physician supervision rule for nurse anesthetists to allow state governors to opt out of this facility reimbursement requirement (which applies to hospitals and ambulatory surgical centers) by meeting certain criteria. To date, 16 states have opted out of the federal supervision requirement, most recently Colorado (September 2010). Additional states do not have supervision requirements in state law and are eligible to opt out should the governors elect to do so.











Status of Prescriptive Authority for the CRNA


The increasing use of CRNAs in chronic pain clinics and hospice sites has raised the question of whether some CRNAs need prescriptive authority. Whether or not they are providing primary care, CRNAs have been included, often by default, in state legislative efforts directed toward gaining prescriptive authority for other nursing groups.


The federal definition of prescription is an order for medication that is dispensed to or for an ultimate user; the definition does not include an order for medication that is dispensed for immediate administration to the ultimate user. Therefore, an order to dispense a drug immediately to a patient who is in bed in a hospital is not a prescription (21 CFR 1300.01[b][35]).


Because of this definition, the traditional practice of nurse anesthetists, which involves ordering and directly administering controlled substances preoperatively, intraoperatively, and postoperatively, does not constitute “prescribing” under federal law. Therefore, CRNAs engaged in traditional practice do not need prescriptive authority or an individual DEA registration number to do so (Tobin, 2007). CRNAs engaged in traditional anesthesia practice have no need for a DEA number. However, if the state grants prescriptive authority to CRNAs, and they elect to use prescriptive authority in their practice, they then are subject to DEA registration requirements.


The view of the AANA has been that, whether or not CRNAs need prescriptive authority, independent prescriptive authority enhances the role and so is desirable. It also may alleviate confusion about the exact nature of the authority of CRNAs. However, prescriptive authority is not viewed as an essential component without which they cannot practice (Tobin, 2007). State CRNA chapters vary in their perceived need for prescriptive authority and in terms of their evaluation of the political and professional environment that might bring success to those who seek such authority.


Currently, five states grant independent prescriptive authority to CRNAs (Alaska, New Hampshire, Wyoming, Montana, and Washington). In 19 other states and the District of Columbia, some type of prescriptive authority has been linked to physician control (Tobin, 2007).





















Certified Nurse-Midwives



Definition and Scope of Practice





Midwifery as practiced by certified nurse-midwives (CNMs) and certified midwives (CMs—who do not have a nursing background) encompasses a full range of primary health care services for women from adolescence to after menopause. These services include primary care, gynecologic and family planning services, preconception care, care during pregnancy, childbirth and the postpartum period, care of the normal newborn during the first 28 days of life, and treatment of male partners for sexually transmitted infections (ACNM, 2012). The CNM practices in a health care system that provides consultation, collaborative management, or referral as indicated by the health status of the client. Certification as a CNM requires education at the postgraduate level in nursing or an allied professional health care field (ACNM, 2012).


The philosophy of the ACNM (ACNM, 2007; ACNM website, 2012) emphasizes a focus of the midwife on the needs of the individual and the family for care and physical, emotional, and social support, as well as involvement of significant others in this care according to cultural values and personal preferences. The practice of nurse-midwifery, which is delivered throughout the life span, advocates nonintervention in the normal processes of reproduction and development, as well as health education for women throughout the childbearing cycle. Midwifery has expanded to include gynecologic care of well women throughout the life cycle. Nurse-midwives provide this comprehensive health care, most frequently in collaboration with other members of the health care team.


Women have always taken responsibility for the delivery of children. With the passage of the first medical practice acts in the 1920s, midwives suddenly found themselves directly opposed by obstetricians and legally outside the laws that physicians had crafted. This led to the expansion of formal academic midwifery programs and the requirement for midwives to obtain legal authorization for their services. The number of CNMs has consistently increased. Traditionally, CNMs find most of their clients among the indigent, who fear and cannot afford hospital-based obstetric care. Many of these clients have used lay midwives and view birthing as a natural process that should occur under the supervision of women. While continuing to provide care to underserved populations, CNMs now also provide care to women from all cross sections of the country (ACNM, 2012).


The number of CNM-attended births has increased every year since 1975—the first year that the National Center for Health Statistics began to collect data—until 2009, when there was a slight decrease. Certified nurse-midwives (CNMs) and certified midwives (CMs) attended 313,516 births in 2009, according to the National Center for Health Statistics. (This is the most recent year for which final birth data are available from the National Center for Health Statistics.) This represents 11.3% of all vaginal births, or 7.6% of total U.S. births. In addition to more traditional health care settings, some CNMs choose to provide home birth services or work in birthing centers with other CNMs. A collaborative team of CNMs and physicians offer women a combination of primary and preventive care, along with specialized services as needed. The degree of collaboration with physicians depends on the medical needs of the individual woman and the practice setting. Of all visits to CNMs, 90% are made to obtain primary preventive care (70% for care during pregnancy and after birth, and 20% for care outside of the maternity cycle). Nurse-midwives on average devote about 10% of their time to direct care of birthing women and their newborns (ACNM, 2007; International Confederation Midwives, 2011).








Status of Prescriptive Authority for CNMs


Laws and regulations governing the practice of nurse-midwifery are rapidly changing. CNMs are regulated on the state level; therefore, how these professionals practice and interact with other health care professionals, such as physicians, can vary from state to state (ACNM, 2000).


Certified nurse-midwives are legislatively authorized to practice in all 50 states and U.S. territories. In most states, the regulatory agency for the practice of nurse-midwifery is the state board of nursing. CNMs have been granted the authority to write prescriptions in all 50 United States and the District of Columbia, while CMs have been granted prescriptive authority only in the state of New York. Prescriptive authority for CNMs and CMs is regulated by individual state agencies and regulatory boards. Regulations regarding prescriptive authority for CNMs and CMs vary widely from state to state and are described, with a summary for each state presented. While CNMs are granted fully independent prescriptive authority in some states, the regulatory requirements relative to prescriptive authority for CNMs/CMs limit patients’ access to necessary services in most states (Osborne, 2011).





















Nurse Practitioners



Definition and Scope of Practice





Although the term nurse practitioner has been debated and criticized because of its similarity to the term licensed practical nurse, this title has earned a high degree of acceptability among legislators, educators, and researchers, who now recognize that a different type of nursing service is provided by this group of nurses. Nurse practitioners are those registered nurses who have completed an advanced educational program, usually a graduate master’s degree or a post-master’s certificate program that has prepared them to assume responsibility for the health care needs of individuals. This responsibility includes assessment of client status, diagnosis of common acute and chronic problems, and management of care. As one of the most heavily studied and researched types of health care providers, numerous research studies on every dimension of NP education, practices, and roles have been published since 1974. A systematic review of published literature between 1990 and 2008 on care provided by advanced practice registered nurses (APRNs) concluded that patient outcomes of care provided by NPs and CNMs in collaboration with physicians are similar to and in some ways better than care provided by physicians alone for the populations and in the settings included (Newhouse et al, 2011).


NPs provide a level of care commensurate (or superior in some areas) with that of physicians, are well accepted by their patients, and contribute to the cost-effectiveness of care. Patients of APRNs have similar or better results in many outcome measurements compared with physicians and other health care teams without APRNs (Lenz et al, 2004; Mundinger et al, 2000; OTA, 1986).


Most NP programs originally had a primary care focus, which implies a continuing health care relationship over an extended period as the nurse listens to, teaches, and negotiates with the patient on how best to maintain health. The 1990s saw growth of the mental health and acute care NP, whose role development gained impetus following legislation that decreased the number of hours that physicians in hospitals could work in a week, and after changes in medical school curriculum moved more physicians into the primary care role and away from hospital care. Hospitals have hired an increasing number of acute care NPs over the past 10 years. Acute care NPs have been shown to be a positive addition to many ICUs and specialty services in the hospital setting. Their advanced didactic and clinical training paired with their nursing focus has resulted in a holistic approach to the treatment of acutely ill patients. Although they were initially hired to replace house staff following the Bell Commission recommendations, studies have shown that use of an NP model in the acute care setting results in improved patient outcomes when compared with the use of residents and interns who rotate on a monthly basis through various ICUs and specialty services (Kleinpell & Gawlinski, 2005). In both primary care and acute care, the NP is part of the larger health care team and works collaboratively with other health care personnel in providing care.


The care focus of the NP clearly dictates the curriculum, skills, and focus of the practitioner. In most states, the scope of practice for the NP has been limited to provision of primary care for the age group (pediatrics, geriatrics, adult) or specialty (women’s health) for which the NP was prepared. Some NPs who have primary care preparation and have worked in acute care settings or mental health practices for many years now face difficulty with state boards of nursing if they wish to change jobs and cannot demonstrate education and certification in those fields.








Status of Prescriptive Authority for NPs


Beginning in 1995, nurse practitioner programs developed greater standardization, relying on criteria developed by accrediting agencies, the American Association of Colleges of Nursing, and the National Organization of Nurse Practitioner Faculties. One publication that had an influence on the preparation of NPs for prescriptive practice was the NONPF task force–developed Curriculum Guidelines and Criteria for Evaluation of Pharmacology Content to Prepare Family Nurse Practitioners for Prescriptive Authority and Managing Pharmacotherapeutics in Primary Care (NONPF, 1997). This is now available as Curriculum Guidelines and Regulatory Criteria for Family Nurse Practitioners Seeking Prescriptive Authority to Manage Pharmacotherapeutics in Primary Care (Yocom et al, 1999). The pharmacotherapeutic preparation of NPs had been one of the most variable components of curricula. A few programs accepted whatever courses nurses had taken in their undergraduate program, whereas other programs required 6 to 7 hours of biochemistry and advanced pharmacology taken with medical students. With more states passing legislation for NP prescriptive authority, NPs wanted to be well prepared for the legal and professional responsibilities associated with writing prescriptions. The move to more clearly specify content in the area of pharmacotherapy was intended to help dispel any criticism that NPs might not have received adequate preparation to prescribe. Box 2-1 provides recommended course content and program competencies in pharmacotherapeutics for Family Nurse Practitioner programs.





BOX 2-1   Recommended Course Content and Program Competencies in Pharmacotherapeutics for Family Nurse Practitioner (FNP) Programs


Recommended Pharmacology Course Content







1. Basic principles




a. Pharmacokinetics—absorption, distribution, metabolism (biotransformation), excretion, bioequivalence, volume of distribution, clearance, half-life, steady state, dosing considerations, therapeutic drug monitoring


b. Pharmacodynamics—dose-response relationships/therapeutic index, structure-activity relationships, receptors, agonists/antagonists, signaling mechanisms


c. Adverse drug reactions


d. Drug interactions—drug–drug; drug–food; drug–disease


e. Special populations—pregnant mothers, nursing mothers, neonates/children, elderly


f. Special considerations—self-treatments, alternative therapies, cost, cultural influences, gender, illness, poisoning, abuse, dependence, proper drug administration, genetic and racial effects


g. Professional roles


h. Other sources of drug information, evaluation of information, evaluation of drug production/promotion; clinical investigational drug research; patient education, adherence, and participation; monitoring drug effects





2. Prescription writing




a. Legal considerations


b. Ethical considerations


c. Modes of transmitting prescriptions


d. Minimizing errors


e. Controlled substances





3. Pharmacotherapeutics of drug groups




a. Drugs used to manage bacterial, fungal, parasitic, and protozoal infections—cell wall–cell membrane inhibitors, protein synthesis inhibitors, nucleic acid synthesis inhibitors, immunizations, other antiinfective agents


b. Drugs used to manage cardiovascular conditions—diuretics, angiotensin-converting enzyme inhibitors, centrally acting antihypertensives, adrenergic inhibitors, β-blockers, α-blockers, vasodilators, calcium channel blockers, nitrates and nitrites, cardiac glycosides (digoxin), antiarrhythmics, antihyperlipidemics


c. Drugs used to manage blood conditions—iron preparations, vitamin B12, folic acid, erythropoietin, anticoagulant agents, antiplatelet agents


d. Drugs used to manage neuropsychiatric conditions—antiseizure agents, antiparkinsonian agents, antipsychotic agents, mood stabilizers, anxiolytics, hypnotics, dementia drugs, psychostimulants, antidepressants, appetite suppressants, autonomic nervous system drugs


e. Drugs used to manage pain and inflammatory conditions—opioids, NSAIDs, other agents used to treat pain, anti-gout drugs, muscle relaxants, antimigraine drugs, local and topical anesthetics, nonnarcotic analgesics


f. Drugs used to manage respiratory conditions—bronchodilators, NSAIDs, corticosteroids, mast cell inhibitors, antihistamines, decongestants, antitussives, antibacterial agents


g. Drugs used to manage gastrointestinal conditions—H2 blockers, proton pump inhibitors, antacids, cytoprotectants, antimicrobial agents, anticholinergic agents, laxatives, antidiarrheals, antiemetics, colorectal treatments, stool softeners, prokinetic agents, prostaglandin analog, antiflatulents, emetics


h. Drugs used to manage endocrine conditions—antithyroid agents, thyroid agents, gonadal hormones, contraceptive agents, pancreatic hormones, diabetic agents, glucocorticoids, antiosteoporosis agents


i. Drugs used to manage genitourinary conditions—bladder inhibitors, bladder stimulants, prostatic agents, antibacterial agents


j. Drugs used to manage dermatologic conditions—antibacterials, antifungals, antivirals, ectoparasiticides, sunscreen agents, acne preparations, antiinflammatory agents, antipruritics, prohirsutics, emollients, astringents


k. Drugs used to manage electrolyte and nutritional conditions—vitamins, minerals, electrolytes, appetite stimulants


l. Drugs used to manage substance abuse and dependency—smoking cessation aids, alcohol and other drug deterrents











End-of-Program Competency Required of FNP Graduate







1. Integrates knowledge of pharmacokinetic processes of absorption, distribution, metabolism, and excretion, as well as factors that alter pharmacokinetics, into drug, dosage, and route selection


2. Integrates knowledge of drug interactions in safe prescribing and monitoring practice


3. Detects actual and potential significant drug reactions and intervenes appropriately


4. Incorporates bioavailability and bioequivalence principles into drug selection


5. Prescribes based on appropriate indications for pharmacotherapeutic agents


6. Prescribes therapeutic agents to treat individuals with specific conditions based on factors such as pharmacokinetics, cost, genetic characteristics, etc.


7. Analyzes the relationship between pharmacologic agents and physiologic/pathologic response when prescribing drugs


8. Educates clients about expected effects, potential adverse effects, proper administration, and costs of medication


9. Selects/prescribes correct dosages, routes, and frequencies of medications based on relevant individual client characteristics (e.g., illness, age, culture, gender, and illness)


10. Monitors appropriate parameters for specific drugs


11. Writes and transmits proper prescriptions that minimize risk of errors


12. Adheres to ethical and legal standards of pharmacotherapeutics


13. Incorporates strategies to improve client adherence to prescribed regimens


14. Consults appropriately when she or he recognizes limitations in knowledge of pharmacotherapeutics


15. Applies current drug information to pharmacotherapeutics


16. Involves client in decision-making process regarding therapeutic intervention, including self-treatment








From NCSBN et al (National Organization of Nurse Practitioner Faculties): Curriculum guidelines and regulatory criteria for family nurse practitioners seeking prescriptive authority to manage pharmacotherapeutics in primary care, summary report, 1998, HRSA 98-41, Washington, DC, 1998. U.S. Department of Health and Human Services.





Over the past three decades, NPs have steadily gained prescriptive authority on a state-by-state basis through legislative and/or administrative changes in the laws that govern their practice. An annual state survey of NP regulation clearly illustrates the wide variation among states (Phillips, 2012).


All states and the District of Columbia now have granted some form of prescriptive authority to NPs. As of the beginning of 2012, 19 states have granted full independent prescriptive authority to write prescriptions for all classifications of medications, including controlled substances; thus, no physician-mandated involvement or delegation of prescription writing is required. NPs in 30 states can prescribe all medications, including controlled substances, but require some degree of physician involvement or delegation of prescription authority, and some states limit the quantities prescribed or place other restrictions on the prescribing practices of NPs. In Alabama and Florida, NPs may not prescribe controlled substances but may write prescriptions for legend drugs with some degree of physician collaboration or delegation. Variability in these categories also exists. The degree of physician involvement may range from a loose collaborative practice agreement with limited oversight to strict physician supervision and review of prescriptive practices. Educational requirements for prescriptive practice also vary widely, with some states requiring only graduation from an approved educational program and/or passage of a certifying examination, whereas others may mandate attendance at yearly continuing education courses or passage of a required pharmacology course (Phillips, 2012).


Protocols, formularies, guidelines, and algorithms developed by various regulatory boards, including the boards of nursing, medicine, and pharmacy, also control the prescriptive practices of NPs in different states. Finally, freedom to prescribe controlled substances varies not only across states but also across the various schedules of controlled substances (Buppert, 2010).


Prescriptive authority in the United States is primarily controlled and regulated by state legislatures and regulatory bodies. They determine the types of drugs to be prescribed, the degree of prescriptive authority to be granted, the regulatory bodies involved in controlling prescriptive practice, and the educational standards that must be met to obtain prescriptive privileges. Changes to prescriptive practices occur through the coordinated efforts of health care providers and other interested groups in working with legislators. The primary differences among states include the degree of professional autonomy or independence recognized by each state and the range of drugs from which NPs are permitted to select, largely because of the influence of organized medicine (Safreit, 1992).


Although the AMA, the American Academy of Pediatrics, and the American Association of Family Physicians have developed positions designed to control the practice of APNs, greater cooperation is seen in other spheres. The 2008 APRN Consensus Work Group and the National Council of State Boards of Nursing issued a new regulatory model licensure, accreditation, certification, and education to lead to greater uniformity in NP programs and practice. The report defines which type of nurses can use the title Advanced Practice Registered Nurse. Acceptance of this model by the states will eventually allow NPs licensed in one state to be able to move to another state to practice (APRN Consensus Work Group, 2008; Stanley, 2009). At the same time, the American Association of Colleges of Nursing has recommended transitioning graduate-level NP programs to the doctoral level “as a response to changes in health care delivery and emerging health care needs, additional knowledge or content areas . . . and to provide leadership in the discipline of nursing that is so complex and rapidly changing that additional or doctoral-level education is needed. AACN recommends that all entry-level NP programs move from MS programs to the Doctor of Nursing Practice (DNP) degree by the year 2012 (AACN, 2004).



























Issues Common to All Advanced Practice Nurse Prescribers



Prescribing Controlled Substances





Federal policy has established that only health care providers who are granted prescriptive authority to prescribe controlled substances by the state can be registered by the DEA to obtain DEA numbers. In response to the growing recognition that states were authorizing NPs to prescribe controlled substances, the DEA issued a rule titled Definition and Registration of Mid-Level Practitioners (MLPs) (21 CFR Parts 1301 and 1304 or 58 FR 31171). The specific wording is found in the June 1, 1993, Federal Register, and it provided for the registration of all MLPs, including NPs who were authorized by state law to prescribe controlled substances. To differentiate MLPs from other registered providers, the letter M precedes any DEA numbers issued to MLPs. In this way, the DEA has set NPs and other MLPs apart from traditional DEA registrants such as physicians. The DEA considered this necessary for the following reason:


The controlled substance authority granted to MLPs varies not only from state to state, but often from MLP to MLP within a state at the discretion of the board or of a collaborating physician. The different format registration number serves as an indicator to pharmacists and wholesalers to be alert to the probability that the MLP’s controlled substance authority may be subject to specific state restrictions.


Publication of this rule did not address two ongoing issues in many states related to the inappropriate use of DEA numbers. First, selected insurance companies require all prescriptions to include the prescriber’s DEA number as a unique identifier for tracking and billing. Second, some pharmaceutical companies require providers to include their DEA numbers when accepting drug samples. These instances of inappropriate DEA number use have frustrated providers who normally would not find it necessary to obtain a DEA number because their practices do not require controlled substance prescribing.








Dispensing Privileges


Traditionally, pharmacists dispense medication based on a prescription from an authorized prescriber. Federal law addresses the labeling and packaging requirements that must be followed. It does not exclude specific prescribers from dispensing medication. Currently, NPs in all states may receive and/or dispense pharmaceutical samples. However, dispensing is often limited to specific sites or circumstances (Phillips, 2011). For instance, in some states, NPs may be able to dispense only samples of medications or may be limited to dispensing at sites located far from pharmacies or in specific types of clinics. Only a few states, such as New Mexico and Arizona, allow unrestricted dispensing of medications.


Prescriptive issues still remain. The question of whether a prescription written by an authorized prescriber can be filled by a central distribution pharmacy located in a state other than the one in which the NP is licensed had not come up at the time current laws governing pharmacy and pharmacists were written. Therefore, no laws specifically address this issue. The FDA has issued, but has not enforced, guidelines stating that if a state recognizes a licensed prescriber and no specific regulation is against it, pharmacists in other states should recognize it as legal and fill an out-of-state prescription. However, many of these mail-order pharmacies refuse to recognize the legitimacy of an NP prescription. As more and more health plans direct their members to use online or out-of-state mail-order pharmacies to fill prescriptions, the problem arises of pharmacies refusing to recognize nonphysician prescriptions and delaying patients of NPs from receiving needed medications. A search of relevant regulations suggests that only Texas pharmacy law may have some restrictions on whether pharmacists may fill an out-of-state prescription. NPs as individuals and as groups are petitioning both the FDA and the Federal Trade Commission (FTC) for support in requiring pharmacies to follow the previously established regulations and guidelines (see Table 2-1 for a nursing summary).




TABLE 2-1


Summary of Pharmacology Preparation and Status of Prescriptive Authority for Diagnosing and Prescribing Nurses










	 

	Nurse Practitioners (NPs)

	Certified Nurse-Midwives(CNMs)

	Certified Registered Nurse Anesthetists (CRNAs)

	Clinical Nurse Specialists (CNSs)










	Pharmacology preparation

	Pharmacology included in various nursing certificate and master’s degree programs; move to require all NPs to have MS degree; NONPF has guidelines for standard NP curriculum; recommendations for FNP pharmacology course content; Master’s Essentials document specifies advanced pharmacology course; certification exams have pharmacology content, but many exams are available and they vary in quality; exams are not mandatory for all NPs; programs not preaccredited; nursing programs accredited every 8 years by NLN as part of general nursing school reaccreditation

	Pharmacology included in various nursing and nonnursing graduate and certificate programs; core competencies described but programs left to determine the content and format of pharmacology content; certification exam has pharmacology content, but exam is not mandatory; all programs must be ACNM accredited before students may be admitted and reaccredited on a regular basis; faculty must ensure that students meet competencies for program to retain accreditation

	Pharmacology included in various nursing and non-nursing programs; standards and guidelines for accreditation of NA programs describe expectations regarding use of pharmacology in practice, but individual programs are free to determine how to meet those standards; certification exam has pharmacology content, and most graduates take the exam; programs must be accredited by AANA before students may be admitted and reaccredited on a regular basis; faculty must ensure that students meet competencies for program to retain accreditation

	Pharmacology taught in various nursing master’s degree programs; nursing programs accredited every 8 years by NLN as part of general school reaccreditation; advanced pharmacology course recommended by Master’s Essentials document; content varies widely in practice and by program and specialty; some pharmacology on national certification exams, but exam is elective






	Status of prescriptive authority

	50 states and DC with prescriptive authority with varying levels of restriction

	51 jurisdictions with prescriptive authority (including Washington DC, Guam, and American Samoa) with varying levels of restriction

	4 states with independent authority; 18 states and DC with dependent authority

	30 states with prescriptive authority with varying levels of restriction; in 8 states, authority limited to psychiatric/mental health CNS
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Research on the Prescriptive Practices of Advanced Practice Nurses: NPs, CNMs, CRNAs, and CNSs


Limitations on prescriptive practice can effectively restrict the public’s access to affordable and comprehensive primary care delivered by diagnosing and prescribing nurses. Yet, despite the impact that prescriptive privileges can have on access to care, a paucity of research exists on prescriptive practice. What research has been conducted has most often focused on NPs who believed that not having prescriptive authority restricted their ability to deliver needed care.


The first studies of NP prescriptive practices were performed in the early 1980s. One of the largest studies was undertaken by the state of California in 1981 in an effort to guide future legislative initiatives surrounding prescriptive authority for NPs and other mid-level providers. After the prescriptive practices of more than 400 providers at 261 ambulatory practice sites in many underserved areas were evaluated, overwhelming support was revealed for prescriptive authority for NPs and other mid-level providers. All supervising physicians thought the providers were competent prescribers, and 99% believed they had made correct diagnoses. Patient acceptance was also high at 97%. Cost-effectiveness was evaluated as well, and it was found that an additional $2.5 to $3 million would be necessary to provide the same level of patient services if additional time had to be purchased from traditional providers such as physicians. Furthermore, clinic administrators believed that medical services would be sharply curtailed or completely eliminated for significant population groups should prescriptive privileges be denied (Houghland, 1982).


A variety of studies over the intervening years have documented the gradually increasing prescription rate of NPs, particularly expanding the numbers and types of medications for which prescriptions were written. Scudder (2006) collected data from a national sample of NP attendees at a series of national NP conferences over a 10-year period. The Scudder data, based on a sample of 1399, show the medications currently ordered by this sample of NPs to be fairly consistent with other studies of prescriptive practice of NPs over time (Woodwell, 1997). The Scudder data also demonstrate that NPs frequently recommend OTC products. A total of 93.7% of NPs recommend at least 1 OTC product per day, and 67% recommend 1 to 25 OTC products per day. Seventy-three percent of individuals in the sample had their own DEA number, 11% used a physician’s DEA number, and 16% did not prescribe drugs that require a DEA number. (In 10 years, the number of NPs with their own DEA number grew from 33% to 73%. The relatively large number of NPs who do not prescribe drugs requiring a DEA number is not to be interpreted as meaning that those NPs cannot obtain DEA numbers. A large number of NPs who work in employee health, occupational health, or pediatric clinics report that they have relatively low requirements for controlled substances, or they may be in the military or the U.S. Public Health Service and are exempt from DEA registration.) The data also documented that nearly 96% of patients were treated with little or no NP consultation with physicians (Scudder, 2006).


These several studies conducted over the years are remarkably consistent in their findings. NPs tend to order medications appropriate to their preparation as primary care providers and for patients across the age span. NPs are shown to consistently order fewer prescriptions than are ordered by physicians (Woodwell, 1997). A synthesis of the most recent prescribing data suggests that the degree of prescriptive autonomy granted by legislative statutes and administrative regulations has great variability among states and that overly restrictive regulations harness NP productivity and prevent NPs from making the full contribution to health care for which they are educated (Lugo et al, 2007). Even with severe restrictions, the types and numbers of prescriptions remain relatively stable across regulatory environments, with significant variation noted only in the method used to generate a prescription. Thus, it is difficult to justify imposing strict regulatory limitations on NP prescribing (Safreit, 1992). This conclusion has been shared by an increasing number of state legislative bodies despite consistent attempts by the medical profession to block legislative advances in prescriptive authority.








Quality of NP Student Experiences


The growing number of NP graduates, some without previous nursing experience, is of concern to those NPs already in clinical practice. The profusion of NP programs, the reduced faculty numbers, and difficulty in obtaining adequate clinical experiences for all students mandate careful consideration of the quality and competency of student educational preparation. Although quality is always important for individuals, it is also essential for the collective, because charges of malpractice for one may affect the ability of many NPs to practice. Competency is imperative because malpractice insurance companies who have charged nurse practitioners the same low rates for insurance as nurses have discovered that if NPs do many of the same things as physicians, they probably should be charged the same rates for malpractice insurance (Miller, 2006; 2012). An escalation of rates would force many NPs from the market.














Data Collection


As a way of generating huge revenues, the AMA has sold personal information regarding member and nonmember physicians to pharmaceutical companies for many years. Pharmaceutical companies use this information to help track through pharmacies the numbers and types of medications physicians prescribe and to design specific marketing strategies that are based on physician prescribing behaviors (Barclay, 2007). NPs have been unable to obtain equivalent prescriber numbers and so do not participate in the research that underlies this type of data collection. Although NPs would not be any happier than physicians to have their personal information sold, lack of participation in this system has made it difficult for NPs to have comparable documentation of what medications they prescribe and the safety and competency with which they provide it.


The data about NP practice and prescribing are also invisible in current national health statistics collected by the Centers for Disease Control and Prevention. Information about health care providers lists physicians, physician assistants, registered nurses, and nursing assistants. It is not clear if patient care provided by NPs is included in physician statistics (probably) or registered nurse statistics, but either way, the NP contributions to health care remain invisible in our national statistical data collection figures.






















Prescriptive Authority and the Physician’s Assistant


Over more than 40 years of clinical practice, physician assistants (PAs) have gained considerable legitimacy and widespread acceptance as a profession in the American health care system. In 1965, new state health occupation regulatory acts became necessary with the introduction of PAs to allow them to perform tasks that were traditionally included in the domain of medicine. With nearly all states now legislating prescriptive authority to PAs, an estimated 95% of clinically active PAs have some authority to prescribe (Wing et al, 2004). Legislative and regulatory changes in state medical practice acts made to accommodate PA practice included defining the required qualifications for occupational licensure or certification, defining scope of practice, developing supervisory stipulations, establishing board representation and governance policies, creating professional disciplinary standards, and granting prescribing authority. Often, acts authorizing prescribing authority for PAs were the most difficult to obtain; they typically required separate legislation.


Acceptance of PAs by U.S. physicians, patients, and other health care professions has grown steadily. PAs have proved to be safe and effective health care providers (Hooker & Berlin, 2002; OTA, 1986). PAs demonstrate versatility across clinical practice settings and are employed in private medical offices, teaching and community hospitals, managed care delivery systems, and other health care settings. The medical generalist orientation of PAs allows them to assume functions effectively—not only in primary care roles but also in inpatient care services and medical specialty practices. Increasingly, PAs are assuming roles in specialties and subspecialties (Cawley & Hooker, 2006).


Prescribing authority for PAs was won through legal and political maneuvering on a state-by-state basis over the past four decades. It has been a long but successful trip to increased recognition of the skills and contributions of the PA.








Overview of the PA Role


PAs are health care professionals who practice medicine under physician supervision. As members of the health care team, PAs provide a broad range of medical diagnostic, therapeutic, and preventive care services. PAs are qualified by formal education and are authorized by national certification to exercise a designated level of autonomy in performing clinical responsibilities within their scope of practice and supervisory relationship. PA clinical practice spans primary care and specialty care roles in a wide range of medical practice settings in rural and urban areas. In addition to their clinical roles, PA professional responsibilities may include providing health care services that complement physician services, such as health promotion and disease prevention, and/or assuming educational, research, and/or administrative duties (Cawley, 2002; Hooker & Cawley, 2003; Jones & Cawley, 1994).


All states have specific requirements for the PA who is seeking entry into practice. Typically, individuals must be graduates of a PA educational program accredited by the Accreditation Review Commission for the Physician Assistant (ARC-PA), and nearly all states require that they possess certification from the Physician Assistant National Certifying Examination (PANCE), the national certification examination administered by the National Commission on Certification of Physician Assistants (NCCPA).


PA educational programs comprise intensive 2- to 3-year biomedical curricula emphasizing a primary care/medical generalist approach. Nationally, PA educational programs do not award a single academic credential, although there has been a marked trend toward the master’s degree. Traditionally in PA education, the competency-based model of PA qualification for medical practice has been demonstrated by completion of an approved educational program and receipt of national board certification, rather than by a process tied to a specific academic degree. This format has gained acceptance among medical licensing boards and occupations regulators, but pressure for a standard academic degree awarded for PA education has increased in recent years. Thus, a PA may receive an associate’s, a bachelor’s, or a master’s degree for completion of a PA educational program. In 2007, 135 ARC-PA–accredited PA educational programs were available—an increase from 107 in 1998. More than 100 programs, many of which have been implemented during the past decade, now award the master’s degree. A shrinking number of programs continue to award the bachelor’s degree or a certificate or an associate’s degree. PA programs, which are sponsored by universities, academic health centers, medical schools, teaching hospitals, and colleges, graduate approximately 4700 students annually (Simon & Link, 2006).


The mean length of PA training is 26 months and resembles a shortened version of medical school. Education typically is conducted in two phases: didactic and clinical. PA didactic training usually comprises 10 to 12 months of academic coursework with instruction in (1) the basic sciences—anatomy, physiology, biochemistry, microbiology, pathology, and pharmacology, and (2) the basic clinical sciences—history taking and physical examination, behavioral science, clinical medicine, and diagnosis, including pharmacologic aspects of patient management.


Because knowledge of pharmacology is a required component of practice for a PA, ARC-PA–accredited PA programs must include formal course instruction in basic and clinical pharmacology. ARC-PA standards mandate that PA programs must teach “the principles of clinical pharmacology and medical therapeutics appropriate to the medical therapy for common problems in clinical practice” (ARC-PA, 2006). PA clinical rotations and preceptorships stress the appropriate use of drugs and medications as part of patient care management. A national survey of PA educational programs in 1998 revealed that the typical PA student received an average of 78 hours of instruction in pharmacology, with a range of 28 to 128 hours (Simon & Link, 1998). The University of Utah has developed a model clinical therapeutics curriculum that is used by a number of PA programs.


The national certifying examination for PAs, the PANCE, comprises a written multiple-choice question component, with test item content and scoring standards developed by the National Board of Medical Examiners (NBME). The NCCPA has administered this examination since 1973, and NCCPA certification is required for PA qualification in 49 states. More than 92% of the 60,000 PAs in active clinical practice in 2007 held NCCPA certification (AAPA, 2010).


PANCE question item content assumes that PAs possess academic and clinical training in patient pharmacologic management. On any given PANCE administration, 32% to 38% of the examination items relate to pharmaceutical aspects of patient care management (National Commission on Certification of Physician Assistants, 1996). To meet requirements for continuing certification, NCCPA mandates that PAs must obtain 100 hours of continuing medical education (CME) hours annually and must be recertified by formal examination (the Physician Assistant National Recertifying Examination [PANRE]) every 6 years. Nineteen states require PAs to maintain ongoing NCCPA certification, and a number of states have similar CME requirements for PAs to maintain state licensure. Some states require PAs to obtain specific CME credits in pharmacologic patient management prior to being granted prescribing authority.














Foundation of PA Prescriptive Authority


Physician assistants practice medicine working with supervising physicians. PAs perform a wide range of delegated medical diagnostic and patient management tasks required in primary care and specialty practice settings, including prescribing medications. Their clinical practice duties overlap considerably with those of physicians, and their practice scope is largely defined by the practice of the physician.


Initial PA statutes took a delegatory or a regulatory direction. Some states passed PA statutes that were broad in nature, and later acts became more specific. On a fundamental level, they simply affirmed the simple principle that physicians can delegate tasks to qualified PAs without providing much specific delineation of the performance of those tasks (delegatory model). Later, other states enacted laws that accepted the principle of physician task delegation as the basis of PA practice but went further in placing certain stipulations on PA scope of practice and medical task performance (regulatory model). The clear pattern among most states has been toward the regulatory model (Gara & Davis, 2003). State regulatory agencies now tend to recognize prescribing activities of PAs within circumscribed boundaries as an essential component of their modern practice roles (Hansen, 1992; Sekscenski et al, 1994).


Approval of PA prescribing authority has been controversial and frankly contentious in some states. In a comparative analysis of state regulatory experiences and policy approaches authorizing PA prescribing, Cohen (1996) found that experiences and policy varied widely. Prescribing was a particularly troublesome barrier to PA practice effectiveness in states such as Maryland and Ohio. A key determinant in the outcome of whether prescriptive authority would be granted was the position of the involved stakeholder groups (medical societies, nursing groups) (Cohen, 1996).


A major aspect of treatment that has limited PA practice is lack of full prescriptive authority. When legally authorized, the privilege of prescribing is usually a restricted one. Because medication is the most frequently employed treatment in medical care, the absence of this privilege limits the scope of medical practice; it restricts where and how PAs can practice. For years, the issue of prescribing privilege was a significant concern of the PA profession. Resolution of prescribing has assured physicians, managers, administrators, and policy makers in the larger health care community about PA safety and effectiveness in that PAs are less costly substitutes for physicians in a variety of clinical situations.


Statutes authorizing state medical and health occupation boards to regulate medical practitioners constitute the legal basis for PA prescribing activities. Typical state regulatory acts establish PAs as the agents of their supervising physicians, and PAs maintain direct liability for the services they render to patients. Supervising physicians define the broad parameters of PA practice activities and the standard to which PA services are held and are vicariously liable for services performed by their PAs.


The legal basis of PA practice is predicated on the doctrine of respondeat superior, which affirms and defines the authority of a licensed physician to delegate medical tasks to a qualified health professional working in that practice. A key stipulation is that the physician must appropriately supervise PA practice activities and must assume liability for any adverse actions (Hooker & Cawley, 2003). State health occupations regulatory policy emanating from this tenet has evolved with the stipulation that physician–PA practices should be required to appropriately define the clinical role, activities, prescribing activities, and terms of supervision of the PAs employed (Gara & Davis, 2003).


Most states in which PAs are legally authorized to prescribe have constraints on their prescribing. Such constraints may include the following:




• A physician co-signature is required within a given time frame on an order for inpatient medical or therapeutic orders. (There is a trend to do away with co-signature requirements because in most cases, these have been shown to be unwieldy to enforce and do not enhance patient safety.)


• Limitations are placed on the categories of medications that may be prescribed—that is, drugs delineated in a specific formulary or medication list.


• FDA Schedule II agents (i.e., those defined by the Controlled Substances Act as having the potential for abuse) are excluded from prescriptive authority.


• Prescribing authorization is granted only when drug treatment protocols are used.


• Limitation is placed on the quantities of drugs that may be prescribed by PAs; a few states have limited prescribing authority to specific medical practice settings (such as Ohio and Maryland) or to an outpatient or nonhospital setting.





Among the states with prescribing regulations in place, most now grant PAs prescribing privileges for Schedule II through Schedule IV drugs in addition to “prescription legend” drug preparations. Schedule I drugs are not relevant to this discussion because it is illegal for licensed practitioners in the United States to prescribe these drugs. The prescribing privilege for Schedule II drugs is a limited one in about six states. In the other states, the prescribing privilege applies to Schedule III through Schedule V drugs, including prescription legend drugs, with some restrictions by various states on prescribing Schedule III drugs.


Drug preparations referred to as prescription legend drugs can be prescribed by PAs with prescribing privileges. PAs also may prescribe OTC medications and drug preparations that do not, by law, require the written order of a licensed prescriber.














History of PA Prescriptive Authority Among States


The first statute authorizing prescribing privileges for PAs was passed in Colorado in 1969. That statute stipulated that graduates of the University of Colorado Child Health Associate Program (one of the first academic health center–based PA programs offering a focus in pediatrics) could prescribe medications without immediate consultation from a supervising physician, provided that the latter subsequently approved the prescription. New York authorized PA prescribing privileges in 1972; later, Maine, New Mexico, North Carolina, Oklahoma, and Kansas followed. By 1979, PA prescribing privileges had been granted in 11 states. The preponderance of states passed PA prescribing authority in the 1980s and 1990s.


Currently, PAs are recognized as health care practitioners authorized to perform physician-delegated medical diagnostic and therapeutic tasks (e.g., diagnosis, testing, treatment, and follow-up of patients) by professional licensing boards in all 50 states, Guam, and the District of Columbia. Mississippi in 2000 was the last state to formally recognize PA practice. The website of the AAPA has a table listing that outlines the dimensions of prescriptive authority on a state-by-state basis. This website is updated regularly to reflect changes in prescriptive authority.


All states, the District of Columbia, and Guam have authorized the supervising physician to delegate prescriptive responsibility to PAs, and 40 states include controlled substances in that authorization. Although some states initially required that PAs use the supervising physician’s DEA registration number when prescribing controlled medications, all states that allow PA prescribing of controlled substances now authorize PAs to obtain their own DEA registration. Every provider who administers, prescribes, or dispenses any controlled substance, other than as a direct agent of another registrant, must be registered with the DEA. The process for PA registration is the same as for NPs (see earlier text). PAs may use the same DEA registration number when practicing in different locations in the same state. However, effective 2007, a separate DEA registration is required for each state in which the PA practices. In addition, the privileges associated with registration will change based on state law. If, for instance, a PA moves from a state that allows PAs to prescribe Schedule II drugs to one that does not, the PA’s DEA registration will no longer allow Schedule II prescriptions.


DEA registration must be renewed every 3 years. The certificate of registration must be maintained at the registered location and kept available for official inspection. Every prescriber registered with the DEA receives a re-registration application approximately 60 days before the expiration date of his or her registration. If more than one practice location is used from which he or she dispenses controlled substances from personal supplies, then each location must be independently registered. A move to a new location requires a written request to the DEA office for modification of registration.


PAs are authorized by statute or regulation to prescribe in the aformentioned jurisdictions, as well as in most federal facilities, including the military, state, and federal correctional institutions, and the Veterans Administration.


The ideal statute would include the stipulations that a physician assistant may prescribe, dispense, and administer drugs and medical devices to the extent delegated by the supervising physician and that prescribing and dispensing of drugs may include Schedule II through V substances as described in the state-controlled drug act and all legend drugs.


In terms of dispensing, the activities of physician assistants shall comply with appropriate federal and state regulations and occur when pharmacy services are not reasonably available, when it is in the best interest of the patient, or when it is an emergency. In addition, physician assistants may request, receive, and sign for professional samples and may distribute professional samples to patients. Physician assistants authorized to prescribe and/or dispense controlled substances must register with the federal Drug Enforcement Administration and any applicable state-controlled substance regulatory authority.


Box 2-2 lists the details on prescriptive authority among the different states. In most states, PAs are authorized to write prescriptions if the supervising physician agrees to delegate this responsibility. In general, PAs are authorized to sign prescriptions using their own names and prescription pads that bear the names of themselves and the supervising physician. Often, this permission must be explicit and must be provided in writing. PA laws and/or regulations dealing with prescribing typically indicate which types of medications a PA may prescribe, usually meaning limited to noncontrolled substances or including controlled substances. In some instances, a formulary limits the types of medications that the PA may prescribe. In 44 states, the PA can prescribe controlled substances. Among these states, 29% percent permit PAs to prescribe Schedules II through V (occasionally with a limitation on the supplies of Schedule II) drugs.





BOX 2-2   Common State Requirements for Physician Assistant (PA) Prescriptive Authority







• Co-signature requirements


• Restriction to formulary; exclusionary formulary


• Controlled substances (Schedule II medications)


• Restriction by practice setting


• Required practice guidelines/management protocols


• Educational requirements




• Minimum academic degree


• Continuing medical education











The authority to dispense medications is also regulated by the state. Pharmacists typically have strongly defended their rights in terms of dispensing and insist that prescribing and dispensing activities be separately regulated. In 28 states, physicians have the authority to delegate dispensing privileges to PAs. PAs dispense medications from office supplies in some practices, most commonly those set in rural clinics or in states that do not specifically prohibit dispensing. In most jurisdictions, giving patients drug samples that have been supplied by a drug company is not the same as dispensing (Gara & Davis, 2003).


PAs prescribe in a wide variety of settings, but only a small quantity of empirical data on how and when PAs prescribe has been gathered. Studies of patient expectations and satisfaction levels affirm the notion that PAs are expected to perform prescribing activities as part of their role in patient management. One survey administered to PAs working in states with prescriptive authority found that 90% of PAs included prescriptive authority as part of their authorized clinical duties (Willis, 1990).


Nationwide, PAs are estimated to manage more than 221 million patient visits and to write 278 million prescriptions yearly. This amounts to nearly 10% of all prescriptions written annually (AAPA, 2010). Among the medications most commonly prescribed by PAs are antihypertensives, cholesterol-lowering agents, bronchodilators/respiratory therapy agents, agents to treat diabetes, gastrointestinal medications, and oral contraceptives. Sixty percent or more of PAs have reported prescribing urinary/vaginal agents, upper respiratory medications, gastrointestinal agents, antiarthritic anti-gout agents, and analgesics. The mean number of prescriptions written by each PA was 50 per week (AAPA, 2006a). PA professional practice activities, including prescribing activities, tend to be closely regulated by health occupations licensing agencies, most commonly boards of medicine. In some instances, PA and other health occupation regulation is assigned to boards of professional regulation, education, or the healing arts. In 11 states, specific PA licensing boards are in place. Organized medicine has also played a pivotal role in state regulation of PA practice. Physicians wrote many of the early PA laws because no PAs were available to write them. As the profession grew, predictable strife over how PAs would fit into the health care system was noted. In some states, organized medicine was the state PA chapter’s strongest ally; in others, it was their most significant opponent. In many states, the state medical society is regarded as the voice of medicine. As state legislators considered bills that modified PA regulation and delegated scope of practice, they commonly asked, “What’s the medical society’s position on this bill?” During the past decade, state medical societies have shown an increased willingness to work as colleagues with PA state societies on health law issues. Today, 42 state PA organizations have sustained relationships with their respective state medical societies (Davis, 2002). This increased level of communication has had a positive impact on the development of state laws and regulations governing PA practice.


Policies of organized medicine on the national level have also played a significant role in state regulation of PA practice over the past 10 years; this is the result of stable and productive relationships with physician leaders. In 1995, the AMA issued guidelines that offered a framework for physician–PA practice; these were adopted as policy by many state medical societies and were used as a default position by others (Davis, 2002). There are also close connections on the organizational level between the American Academy of Physician Assistants and physician groups such as the American Academy of Family Physicians and the American College of Physicians.














Research on Prescriptive Practices of PAs


In general, there is a paucity of empirical data on the prescriptive practices of PAs. The only significant study on NPs and PAs prescribing was undertaken in a large health maintenance organization. In this study of primary care providers, the annual rate of prescribing was higher for NPs than for adult care physicians by 4%, and PA rates were higher than those for the same cohort of physicians by 9%. Some of the differences could be explained by the type of care that was provided: NPs were providing a large percentage of wellness care for patients, PAs saw more acute problems than chronic ones, and physicians managed more complex patients (Cipher et al, 2006).


Cipher et al (2006) analyzed data from the National Ambulatory Medical Care Survey from 1997 through 2003 and found that prescribing patterns among PAs, NPs, and primary care physicians were similar. The characteristics of all patients seen were similar in terms of geographic region of visit, age, and gender but differed by ethnicity and race. An NP or a PA was the provider of record for 5% of the primary care visits in the National Ambulatory Medical Care Survey (NAMCS) database. The three clinician types were likely to write at least one prescription for 70% of all visits, and the mean number of prescriptions was 1.3 to 1.5 per visit (range, 0 to 5), depending on the provider. PAs were more likely to prescribe a controlled substance for a visit than was a physician or an NP (19.5%, 12.4%, and 10.9%, respectively). Only in nonmetropolitan settings did differences emerge. NPs who worked in rural areas wrote significantly more prescriptions than did physicians and PAs (Cipher et al, 2006).














Legislative Progress


Overly restrictive legal stipulations on prescriptive authority have kept PAs from completely implementing their roles in many settings. Barriers to prescriptive authority increase the costs associated with PA utilization if a physician must also be consulted and may deter PAs from practicing in certain states and/or serving medically needy populations. Inconsistency in state medical practice acts, lack of prescriptive authority, and the absence of Medicare and private third-party reimbursement that affects many rural ambulatory practice settings have been shown to restrict PA utilization (Hansen, 1992). The AAPA has developed model guidelines for state practice acts governing PA practice and prescribing activities to try to enhance PA practice flexibility and standardization among states (AAPA, 2006).


On the public policy level, barriers to practice that once existed now have largely been resolved. The medical, legal, and economic factors that formerly presented obstacles to PAs in performing the full range of clinical tasks for which they are both educated and certified no longer exist in most instances. States, through their health occupation licensing boards, have considerable control over the qualification requirements and practice activities of PAs, as well as those of physician and other nonphysician health providers such as NPs. State authority in regulating PA and NP health providers permits boards to define provider scope of practice, determine physician supervisory requirements, authorize prescribing activities, and establish and enforce standards of professional conduct and disciplinary procedures.


A number of clinical practice factors have been identified for which PAs could be better used in health service delivery (Hansen, 1992). For example, with the growing need for more providers to care for geriatric and nursing home care patients, nonphysicians were viewed as playing an increasingly important role in service delivery. However, a recent review of the PA and nonphysician literature on their utilization in geriatric care settings shows that they are not being used as anticipated because of the many legal and regulatory barriers that limit what nonphysician providers can do, including restrictions on prescribing authority (Sekscenski et al, 1994).


Delegation of prescribing authority to PAs has been viewed by some physicians as empowering PAs in establishing patient relationships and reducing the power of the physician in that same relationship (Hooker & Cawley, 2003). Whether this desire to retain the sole privilege of prescriptive authority arises from the traditional power of the role or from economic or political factors, physicians have been reluctant to share this prescriptive prerogative with newcomers to health care. Regardless of the preparation of the new providers, it is difficult to make changes in the status quo. That so many states have been willing to permit delegation of this authority to PAs and other nonphysician providers attests to the success that nonphysicians have exhibited in drug prescribing. In fact, no suggestion can be found in the research literature that nonphysicians do not perform well in meeting the medication requirements of patients (OTA, 1986).


A number of reasons have been advanced as to why state regulatory agencies have limited the prescribing privilege of PAs. One reason, cited early in the development of the PA role, is that PAs were not sufficiently trained to be competent prescribers. Further, because the agencies that regulate PA practice historically have comprised largely physicians, concern has arisen about the potential of increased legal liability of supervising physicians associated with the practice of the PA. Physician reluctance can also come from various cultural and/or gender biases. Another possible reason why these agencies may limit or deny prescribing privileges to PAs is the opposition of other health care professionals (namely, nurses and pharmacists) (Cohen, 1996).


Another possible reason for limiting prescribing privilege is largely economic. The initial purpose for developing the PA role was to alleviate a shortage of physician services. In more recent years, and with the advent of a more abundant supply of physician services, the distinction between whether PAs complement physician services or are alternatives for physician services is less clear. The latter quandary over role function implies that PAs are currently viewed as being in competition with physicians for patients (Grumbach & Coffman, 1998). In fact, PAs maintain they do not compete with physicians but instead work with physician practices to enhance and expand medical care services.
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General Pharmacokinetic and Pharmacodynamic Principles
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A drug is any substance that is used in the diagnosis, cure, treatment, or prevention of a disease or condition (McKenry et al, 2005). This is a general definition that is not very useful because of the great diversity of characteristics and actions of drugs. To be more precise, pharmacokinetics is the study of the action of drugs in the body, including the processes of absorption, distribution, metabolism, and elimination. It may be thought of as what the body does to the drug. Pharmacodynamics is the study of the biochemical and physiologic effects of drugs on the function of living organisms and of their component parts (Brunton, Chabner, & Knollman, 2010). It includes consideration of the mechanisms of drug action and may be viewed as what the drug does to the body.


Note: These concepts are essential to an understanding of the prescribing role. Although many readers of this text may have had extensive experience in administering drugs, mastery of the content in this chapter is mandatory before moving to the more advanced role of drug prescriber. This chapter therefore is one of the most important in the book and presumes an extensive understanding of the scientific principles of biochemistry, anatomy, physiology, and pathophysiology. The information in this chapter is necessary for the provider to progress from memorizing drug names (an increasingly difficult task) to understanding the process of drug utilization and being able to generalize from basic principles. This chapter should be read more than once to best understand how to apply the principles to specific drugs. Not everything can be absorbed in one sitting.


A good understanding of physiology is necessary before one can understand the mechanisms of drug actions. The reader may find it useful to review relevant physiology before undertaking the study of a class of drugs. This chapter attempts to express clearly and simply some of the more complex principles of pharmacokinetics. Definitions or concepts that are important in the understanding of pharmacotherapeutics are emphasized. It is written at a deceptively simple level to help clinicians clearly understand major concepts that are commonly overlooked or those that are skimmed over quickly but never really mastered.








Drug Nomenclature


Drugs have three names: a chemical name, a generic name, and a trade, or brand, name. The chemical name describes the drug’s chemical composition and molecular structure. The generic name, or nonproprietary name, is the official name assigned by the manufacturer with the approval of the U.S. Adopted Name Council (USAN) and is the name listed in pharmacology reference books (McKenry et al, 2006). The trade name is the patent name given to the medicine by the company that is marketing the drug. If more than one company manufactures the drug, then the drug will have more than one trade name, thus adding to the confusion. Trade names are usually simpler and easier to remember than generic names because drug companies want you to remember their name and to use their drug. The generic name often will identify the type of drug that it is and thus will reveal the therapeutic effect. For example, it is important to identify a β-blocker by the similar-sounding generic names, such as atenolol, metoprolol, or propranolol, vs. learning the trade names (Tenormin, Lopressor, and Inderal, respectively). Providers should refer to drugs by their generic names when communicating with patients and other health care providers. This is very important with OTC medications because the contents of trade name products may vary.














Pharmacokinetics


Pharmacokinetics focuses on the processes concerned with absorption, distribution, biotransformation (metabolism), and excretion (elimination) of drugs (Figure 3-1).
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FIGURE 3-1 The process of pharmacokinetics.














Absorption


Absorption describes how the drug leaves its site of administration. The bioavailability of the product is what is most important clinically. Bioavailability is how much of the drug that is administered reaches its site of action (Brunton et al, 2010). The fraction of the drug that reaches the systemic circulation is called the f value. After a solid or liquid drug has been orally ingested, the drug must break up (disintegrate) and then become soluble in body fluids (dissolution) before the process of pharmacokinetic absorption begins (Stringer, 2005).


Bioequivalence is an issue with generic vs. trade drugs. Bioequivalence means that two drug products (1) contain the same active ingredients; (2) are identical in strength or concentration, dosage form, and route of administration; and (3) have essentially the same rate and extent of bioavailability (Brunton et al, 2010). Although a generic drug may have the same amount of drug, because of variability in the way the medication is manufactured, slightly more or less drug may be bioavailable. Legally, the drug must be ±20% of the proprietary drug. This variance becomes a concern with certain drugs, especially when the therapeutic window is narrow (e.g., Lanoxin vs. digoxin). Avoiding variation and complying with preferred drug formularies are the major reasons for ordering “Dispense as written” trade name prescriptions.








Factors That Affect Absorption


Four primary factors must be considered in evaluating drug absorption: drug characteristics, routes of administration, blood flow, and cell membrane characteristics.








Drug Characteristics


The following list includes some general drug characteristics relevant to all routes of administration. (Other factors are discussed under the specific route of administration.)




• Formulation of the drug—influences dissolution rate of solid form of drug


• Concentration of the drug—the higher the concentration, the more quickly the drug is absorbed


• Lipophilic drug formulations are more readily absorbable—Nonionized drugs are more lipid soluble and may readily diffuse across cell membranes. Ionized drugs are lipid insoluble and nondiffusible.


• Acidic drugs become nonionized in the acidity of the stomach and then diffuse across membranes—Basic drugs (alkaloids) tend to ionize and are not well absorbed in the stomach, but they may be better absorbed in the small intestine. A change in the pH of the stomach will affect the absorption of many drugs (Katzung, Masters, & Trevor, 2011).

















Routes of Administration


The complexity of routes of administration and delivery systems has increased greatly. The most common routes for giving medications include oral (PO), topical (TOP, TD), subcutaneous (SubQ), intramuscular (IM), intravenous (IV), and rectal (PR). Other less commonly used routes include intradermal (ID), sublingual (SL), buccal, intraarticular, inhalation, intravaginal, ophthalmic, and aural.








Oral


Oral ingestion is the most common method of drug administration. It is the most convenient and the most economical route; it is also the safest. However, disadvantages of oral administration include the following:




• Poor gastrointestinal absorption may occur because of the physical characteristics of the drug.


• Irritation to the gastrointestinal mucosa may result in ulceration or emesis.


• Destruction of drugs may occur because of digestive enzymes and low gastric pH.


• Interactions may occur between the drug and food or other substances in the gastrointestinal tract.





Many variations are available in oral drug formulations; in order from the fastest absorption rate to the slowest absorption rate, they include liquids, elixirs, syrups, suspensions, solutions, powders, capsules, tablets, coated tablets, enteric-coated tablets, and slow-release formulations (Brunton et al, 2010; Katzung et al, 2011).


Controlled-release preparations are designed to provide slow, uniform absorption of a drug (usually with a short half-life) over a long time, usually from 8 to 12 hours. These work with varying degrees of success. Some formulations are provided in a wax matrix that is not absorbed but is excreted in the feces (Brunton et al, 2010). Patients may become concerned about the appearance of this substance in the feces unless the clinician mentions this.














Sublingual Preparations


Some drugs that are nonionic and have high lipid solubility are readily absorbed by the oral mucosa. When drugs are absorbed orally, they must pass through the liver before they are distributed to the rest of the body. Many drugs are extensively metabolized on this first pass, allowing little of the drug to remain active. Drugs absorbed sublingually are advantageous because they avoid the first-pass phenomenon; therefore, the drug will reach the site of action quickly. Sublingual nitroglycerin is an example of a drug that needs to work quickly (chest pain).














Topical


Few drugs easily penetrate intact skin. Lipid-soluble drugs may not be absorbed because the skin acts as a lipid barrier. However, other types of solutions may be absorbed. Skin that is not intact will absorb drugs more readily. Thus, it is important to apply topical medications to intact, healthy skin to ensure the correct absorption. Mucous membranes also readily absorb drugs more readily than intact skin because of increased vascularity. Topical administration has the same advantage of avoiding the first-pass metabolism of the drug through the liver (Brunton et al, 2010).














Rectal


Medications that cannot be given orally often can be given rectally. Rectal medications usually are given when the patient is vomiting or unconscious. One advantage is that less first-pass metabolism of the drug through the liver occurs for rectal than for oral preparations. However, rectal absorption tends to be more inconsistent and less complete than oral absorption, and some drugs may cause rectal irritation. It is not always necessary to have a specially formulated rectal preparation (Edmunds, 2013). For example, oral timed-release morphine tablets will be absorbed rectally and are useful when the patient is unable to take an occasional oral dose of pain medicine.














Inhalation


Drugs can be given by nasal spray for local topical absorption through mucous membranes or by inhaler or nebulizer for pulmonary absorption. Pulmonary absorption uses a large surface area, making absorption rapid. Inhalation delivers the medication directly to the desired site of action, forcing particles of drugs down into the pulmonary system. This also avoids first-pass metabolism in the liver. The disadvantages of inhalation therapy include problems associated with regulating the exact dosage and the fact that many patients experience difficulty in self-administering a drug via inhaler.














Ophthalmic


Drops or ointments may be prescribed for the eye. These should be instilled into the pouch of the lower eyelid and should not be applied directly to the eye surface itself. Anything formulated for use on the eye can be used anywhere else in the body (Edmunds, 2013).




















Blood Flow


Circulation at the site of administration is important in the drug absorption process. Decreased circulation (as seen in congestive heart failure) will result in decreased drug absorption (Katzung et al, 2011). For example, insulin injected into a thigh muscle, followed by exercise, will produce more rapid absorption of the insulin than occurs without exercise.














Cell Membrane Characteristics


When drugs are absorbed, they pass through cells, not between them; therefore, the drug must pass through the cellular wall or membrane. The structure of the cell membrane influences this process (Figure 3-2). The cell membrane is composed of a two-molecule layer of lipids that contains protein molecules between the lipids. It also contains carbohydrate molecules that are attached to the outer surface of the membrane. The proteins can be integral (in which case they go through the membrane) or peripheral (in which case they are attached to the surface of the membrane) (McCance & Huether, 2009). Integral proteins act as structural channels for the transportation of water-soluble substances (ions) or as carrier proteins in active transport. Peripheral proteins are enzymes. Glycoproteins may be antigenic sites in immune reactions or drug receptors. The pores permit the passage of small water-soluble substances such as water, electrolytes, urea, and alcohol (Brunton et al, 2010).




[image: image]


FIGURE 3-2 Cell membrane structure.
The lipid bilayer provides the basic structure and serves as a relatively impermeable barrier to most water-soluble molecules. (Modified from Thibodeau GA, Patton KI: Structure and function of the human body, ed 13, St Louis, 2008, Mosby.)








Drugs cross membranes via passive diffusion or active transport. Passive diffusion involves the random movement of drug molecules from high to low concentrations. Active transport moves molecules that are moderately sized, water soluble, or ionic across cell membranes. In active transport, these molecules form complexes with carriers for transport through the membrane and then dissociate from them. Active transport requires expenditure of energy and can occur against the concentration gradient (Stringer, 2005) (Figure 3-3).
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FIGURE 3-3 Active mediated transport.
Metabolic energy is necessary for the active transport of many substances, including Na. (Modified from Alberts B et al, editors: Molecular biology of the cell, ed 3, New York, 1994, Garland.)








In passive diffusion, the drug molecule penetrates along a concentration gradient as a result of its solubility in the lipid layer of the membrane (Figure 3-4). This transfer occurs in proportion to the magnitude of the concentration gradient across the membrane. The higher the concentration, the more rapid the diffusion across the membrane. If the drug is not an electrolyte, a steady state is attained when the concentration of free drug is the same on both sides of the membrane. If the drug is an ionic compound, the steady-state concentration will depend on the difference in pH across the membrane (Brunton et al, 2010).
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FIGURE 3-4 Passive diffusion.
Oxygen, nitrogen, water, urea, glycerol, and carbon dioxide can diffuse readily down the concentration gradient. Macromolecules are too large to diffuse through pores in the plasma membrane. Ions may be repelled if the pores contain substances with identical charges. (From Thibodeau GA, Patton KI: Understanding pathophysiology, ed 6, St Louis, 2008, Mosby.)








Whether the drug is lipophilic or hydrophilic affects absorption across cell membranes. Lipids pass through membranes better than hydrophilic molecules do. However, most cell membranes are permeable to water by diffusion or by hydrostatic or osmotic differences across the membrane (Stringer, 2005). The water may carry with it small water-soluble substances such as urea.


The pH of a drug also affects diffusion. Nonionized drugs are more lipid soluble and may readily diffuse across cell membranes. Ionized drugs are lipid insoluble and nondiffusible. Acidic drugs such as aspirin become nonionized in the acidic environment of the stomach and thus can diffuse across the membranes (DiPiro et al, 2011; Stringer, 2005). A change in the acidity of the stomach, as occurs with antacids, will affect absorption of drugs. Basic drugs such as alkaloids ionize in the stomach and are not well absorbed. These drugs are better absorbed in a less acidic environment such as the small intestine.


Active transport is a process used in the cell in three situations: when a particle is going from low to high concentration, when particles need help entering the membrane because they are selectively impermeable, and when very large particles enter and exit the cell. In order for active transport to occur, different types of pumps assist in the process:




• ABC class pumps transport small molecules across membranes. They consist of two transmembrane domains and two ATP binding domains. ABC pumps are involved in the transport of small molecules, phospholipids, and lipophilic drugs in mammalian cells. In bacteria they transport amino acids, sugars, and peptides.


• P-class pumps use ATP to transport ions against a gradient. They are phosphorylated during transport, which is different from the other classes of active transport pumps. Some examples of P-class pumps are the sodium-potassium pump, calcium transport in muscle cells, and the hydrogen-potassium pump in the apical membrane of the stomach.


• The AV-class proton pump moves protons from one side of a membrane to the other and uses ATP as the source of energy. V-class proton pumps are a type of ATPase. They use the energy released by the hydrolysis of ATP to move protons against their concentration gradient.


• F-class proton pumps have also been identified and are the subject of new research.





























Distribution


Distribution is the transport of a drug in body fluids from the bloodstream (at the site of absorption) to various tissues in the body. The pattern of distribution depends on the pharmacokinetic activity of different types of tissue and the different physicochemical properties of drugs (Brunton et al, 2010). Drugs vary in their ability to move into various body compartments (e.g., brain, fat, lung, eye). The best way to know how much of a given drug gets into a particular body compartment is to consult standard reference texts. Because blood is an easily accessible body fluid, blood concentrations often are studied to determine how they relate to drug concentrations in other body compartments. The dose-related effects of a drug are then correlated with a given blood concentration or range of concentration. Once a relationship has been established, blood concentrations can be used to monitor therapy.


Distribution consists of two phases. The first involves movement from the site of administration into the bloodstream. Delivery of the drug into the tissue at the site of action is the second phase of distribution (Katzung et al, 2011).


The volume of distribution (Vd) is a concept that is useful when one seeks to understand where the drug goes once it is absorbed. Volume of distribution is a description of the amount of space into which a drug can be spread or distributed. It is the calculated volume or size of a compartment necessary to account for the total amount of drug in the body if it were present throughout the body at the same concentration found in the plasma (Brunton et al, 2010). Because most drugs are not equally distributed, this is a theoretical concept and not a real volume. It is, however, useful in predicting drug concentrations, understanding how well a drug is absorbed into tissues, and understanding whether it will be accumulated in the tissues. If a drug has a small volume of distribution, it stays in the central compartment and is not widely distributed. If the drug has a large volume of distribution, it is found widely throughout the body. The larger the Vd, the more drug there is in the tissue. Because we are able to measure the amount of drug in the bloodstream only through serum levels, calculation of the volume of distribution allows us to estimate or predict the concentration of drug in the tissue (Stringer, 2005). The Vd may be calculated by examining the following relationships:


If


Concentration of drug in blood=DoseVd
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then


Vd=DoseConcentration
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This means that the Vd is equal to the dose of drug in the body divided by the concentration in the blood (Brunton et al, 2010).


Water-soluble drugs have a Vd that is similar to the plasma volume because they are distributed into the blood. The plasma volume for a normal adult is about 3 to 5 liters. Lipophilic drugs have a larger Vd. The total fluid volume in the body is about 40 liters for a 70-kg (150-lb) person. Because the Vd of a lipophilic drug can exceed this volume, it is important to remember that this calculation is of a hypothetical volume, not a real volume. It is the volume that would be required to contain the entire drug in the body if the drug were distributed in the same concentration as in the blood or plasma (Brunton et al, 2010).


Factors that affect the volume of distribution include plasma protein binding, obesity, edema, and tissue binding. Therefore, the Vd for a given drug can change as a function of the patient’s age, gender, disease, and body composition.


Geriatric patients often have relatively less muscle and more fat, placing them at risk for accumulation of lipophilic drugs in the adipose tissue. If these patients lose weight and take the same dose, they could become toxic. This can be a particular problem with lipophilic benzodiazepines. In these patients, water-soluble drugs have a smaller Vd, resulting in increased blood concentrations. This effect is even greater if the patient is dehydrated. An example of a drug that may cause this problem is gentamicin. In addition, excess fluid in the interstitial spaces, such as is seen with edema, will affect the distribution of water-soluble drugs.


Any alteration in the normal muscle-to-fat ratio will change the Vd of a drug. In obesity, lipophilic drugs are distributed into adipose tissue and tend to accumulate. Thus, little drug is available elsewhere to produce an effect. For example, phenobarbital is fat soluble. The drug may become trapped in the fatty tissue, causing low blood levels of phenobarbital. Fat-soluble drugs are slowly released from the fat into the bloodstream, so they have a longer duration of action. This factor also may prolong the duration of side effects or may affect dosing schedules.


Drugs that are highly protein bound (>90%) have a volume of distribution that is about the same as the amount of plasma. This is a small volume of distribution. An example would be the thyroid hormones. If the patient has a decreased serum albumin, more active drug is available for protein-bound drugs. If two protein-bound drugs are used, the most tightly protein-bound drug will tend to displace the other. Examples of these drugs include furosemide and the cephalosporins (Brunton et al, 2010; DiPiro et al, 2011).


Another common change that may affect the distribution of drugs in older adults is a decrease in serum albumin. Albumin concentrations decrease slightly with age in most elderly patients, although significant changes that may affect drug therapy may be seen in the chronically ill or malnourished elderly patient (Bourne, 2007). Albumin is the most common protein that binds to various acidic drugs. Significant decreases in albumin may result in a greater free concentration of highly protein-bound drugs. Box 4-3 lists some drugs that have significant protein binding, which may result in greater free concentrations when albumin is significantly reduced. Generally, drugs that are highly protein bound to albumin should be prescribed in reduced doses for patients with low serum albumin values (Bourne, 2007). A practical example of the clinical significance of this relationship can be described with the anticonvulsant phenytoin. In an elderly patient with a low serum albumin concentration (normal, 3.5 to 5 mg/dl), the phenytoin level reported from virtually all laboratories is the bound concentration. In a hypoalbuminemic individual, this value may appear normal or even subtherapeutic. This is because of the greater amounts of “free” or nonbound phenytoin that are getting into the tissue and acting at the receptor level but are not portrayed in the total serum level. The actual level may be much higher or even in the toxic range. Treatment decisions with older adults should not be based solely on drug levels. Treatment decisions must be based on consideration of both patient characteristics and drug levels.


Other protein changes also may have an influence on drug therapy. Patients with acute disease—such as myocardial infarction, respiratory distress, or infectious insult, for example—may experience increases in α1-glycoprotein, an acute phase reactant protein. This may result in the increased binding of weakly basic drugs, including propranolol or lidocaine, and a less-than-normal response to therapy. Data are lacking concerning the real significance of changes in α1-glycoprotein and drug therapy in the elderly (DiPiro et al, 2011).


Some drugs have an affinity for specific tissues. This affinity becomes useful when patients with certain infections are under treatment. For example, ciprofloxacin and tetracycline have an affinity for bone.


It is not generally necessary to calculate Vd when drugs are used. However, it is an important concept to understand when one is administering a drug, and it may influence the dosage or choice of a drug. Always consider where the drug will go and how much will get to the target organ or tissue.


The distribution of drugs from the bloodstream to the central nervous system is different than that through other cell membranes. The endothelial cells of the brain capillaries do not have intercellular pores and vesicles. Passive distribution of hydrophilic drugs is restricted. However, lipophilic drugs will easily pass the blood-brain barrier, limited only by cerebral blood flow (Brunton et al, 2010). Highly fat-soluble drugs also cross the blood-brain barrier easily and are likely to cause central nervous system side effects such as confusion and drowsiness.














Biotransformation (Metabolism)


Biotransformation is the chemical inactivation of a drug through conversion to a more water-soluble compound that can be excreted from the body. Biotransformation occurs primarily in the liver, but it also may be found in the lungs and in the GI tract. It involves two major steps in enzyme activity. Phase I makes the drug more hydrophilic through oxidation, reduction, or hydrolysis. Minor changes in the structure of the drug make it more hydrophilic but allow it to maintain all or part of its pharmacologic activity. The cytochrome P450 enzyme system is a part of phase I. Phase II is called glucuronidation. It involves conjugation, or attachment of particles to the molecule, making it a highly water-soluble substance with little or no pharmacologic activity (Brunton et al, 2010). If blood flow to the liver is decreased, drugs will be metabolized more slowly, leading to a longer duration of action.


Lipophilic drugs pass easily through membranes, including renal tubules, making them difficult to excrete. Biotransformation changes a lipophilic drug that is active and transforms it into a hydrophilic inactive compound that is readily excreted. However, metabolites occasionally have biologic activity or toxic properties (Figure 3-5).
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FIGURE 3-5 Processes involved in biotransformation.














Phase I: Oxidation or Reduction of Drugs


Phase I involves oxidation or reduction—hydrolysis reactions that make drugs more water soluble so they can be excreted. During this phase, perhaps as many as 40 different P450 enzymes present in the liver may be available to participate as catalysts in the oxidation of drugs. It appears that the metabolism of most drugs can be accounted for by a relatively small subset of these enzymes, with probably half attributed to CYP 3A4. The P450 enzyme system is a topic that is rapidly gaining expanded attention, and new information is becoming available constantly.


The cytochrome P450 enzyme system operates throughout the body. It is concentrated in the liver, intestine, and lungs. The P450 enzyme system resides in the ribosomes, which are sacs in the endoplasmic reticulum. It is named P450 because this is the length of the wave of light that these enzymes absorb. Chemically, the enzyme is a glycoprotein or a sugar plus a protein. Many of the proteins contain heme—hence the name chrome. This family of enzymes is divided into groups according to similarity. At least 40 major groups have been identified in humans so far. The major groups named 1, 2, 3, and 4 are known to be involved in drug interactions. These major groups are further divided into groups by their chemical structure, named A, B, and C. The A, B, and C groups are then divided into subgroups named 1, 2, 3, and so on. The groups that are most important in human drug interactions are CYP 2D6, CYP 3A3/4, CYP 1A2, CYP 2C9/10, and CYP 2C19. In the groups with 3/4 and 9/10, the two are so close in structure that they are difficult to differentiate and have very similar actions (Dresser et al, 2000; Lim et al, 2005; Zhou et al, 2004, 2005).


Advances in technology have resulted in an explosion of information concerning the cytochrome P450 isoenzymes and increased awareness of life-threatening interactions with such commonly prescribed drugs as cisapride and some antihistamines. Knowledge of the substrates, inhibitors, and inducers of these enzymes assists one in predicting clinically significant drug interactions.


The P450 enzyme system is not the same in every individual. Each person receives genetic material that determines individual variations in the enzyme system; this is called genetic polymorphism. Thus, individual differences and racial and gender differences occur. These are not yet well known or understood. Patients express their enzyme system in different ways. This explains why different patients react differently to a drug. For example, some patients metabolize codeine (CYP 2D6) quickly and need larger doses, whereas other patients metabolize it slowly and need less.


The essential facts to master about the P450 enzyme system are that six primary enzymes account for the metabolism of nearly all clinically important drugs, and two of these systems are critically important for drug metabolism (Table 3-1).




TABLE 3-1


Examples of Clinically Relevant Drugs Metabolized by Various CYP Enzymes










	CYP Enzyme






	Substrates

	1A2

	2B6

	2C8

	2C19

	2C9

	2D6

	2E1

	3A4, 5, 7










	 

	clozapine

	bupropion

	—

	Proton pump inhibitors:

	NSAIDs:

	β-Blockers:

	acetaminophen

	Macrolide antibiotics:






	 

	cyclobenzaprine

	cyclophosphamide

	 

	 

	diclofenac

	S-metoprolol

	chlorzoxazone

	clarithromycin






	 

	imipramine

	efavirenz

	 

	omeprazole

	ibuprofen

	propafenone

	ethanol

	erythromycin






	 

	mexiletine

	ifosfamide

	 

	lansoprazole

	piroxicam

	timolol

	 

	NOT azithromycin






	 

	naproxen

	methadone

	 

	pantoprazole

	Oral hypoglycemic agents:

	Antipsychotics:

	 

	telithromycin






	 

	riluzole

	 

	 

	rabeprazole

	tolbutamide

	haloperidol

	 

	Antiarrhythmics:






	 

	tacrine

	 

	 

	Antiepileptics:

	glipizide

	risperidone

	 

	quinidine






	 

	theophylline

	 

	 

	diazepam

	Angiotensin II blockers:

	thioridazine

	 

	Benzodiazepines:






	 

	 

	 

	 

	phenytoin

	NOT candesartan

	aripiprazole

	 

	alprazolam






	 

	 

	 

	 

	phenobarbitone

	irbesartan

	codeine

	 

	diazepam






	 

	 

	 

	 

	amitriptyline

	losartan

	dextromethorphan

	 

	midazolam






	 

	 

	 

	 

	clomipramine

	NOT valsartan

	duloxetine

	 

	triazolam






	 

	 

	 

	 

	cyclophosphamide

	celecoxib

	flecainide

	 

	Immune modulators:






	 

	 

	 

	 

	progesterone

	fluvastatin naproxen

	mexiletine

	 

	cyclosporine






	 

	 

	 

	 

	 

	phenytoin

	ondansetron

	 

	tacrolimus (FK506)






	 

	 

	 

	 

	 

	sulfamethoxazole

	tamoxifen

	 

	HIV protease inhibitors:






	 

	 

	 

	 

	 

	tamoxifen

	tramadol

	 

	indinavir






	 

	 

	 

	 

	 

	tolbutamide

	 

	 

	ritonavir






	 

	 

	 

	 

	 

	torsemide

	 

	 

	saquinavir






	 

	 

	 

	 

	 

	warfarin

	 

	 

	Prokinetic:






	 

	 

	 

	 

	 

	 

	 

	 

	cisapride






	 

	 

	 

	 

	 

	 

	 

	 

	Antihistamines:






	 

	 

	 

	 

	 

	 

	 

	 

	astemizole






	 

	 

	 

	 

	 

	 

	 

	 

	chlorpheniramine






	 

	 

	 

	 

	 

	 

	 

	 

	Calcium channel blockers:






	 

	 

	 

	 

	 

	 

	 

	 

	amlodipine






	 

	 

	 

	 

	 

	 

	 

	 

	diltiazem






	 

	 

	 

	 

	 

	 

	 

	 

	felodipine






	 

	 

	 

	 

	 

	 

	 

	 

	nifedipine






	 

	 

	 

	 

	 

	 

	 

	 

	nisoldipine






	 

	 

	 

	 

	 

	 

	 

	 

	nitrendipine






	 

	 

	 

	 

	 

	 

	 

	 

	verapamil






	 

	 

	 

	 

	 

	 

	 

	 

	HMG-CoA reductase inhibitors:






	 

	 

	 

	 

	 

	 

	 

	 

	atorvastatin






	 

	 

	 

	 

	 

	 

	 

	 

	cerivastatin






	 

	 

	 

	 

	 

	 

	 

	 

	lovastatin






	 

	 

	 

	 

	 

	 

	 

	 


	NOT pravastatin






	 

	 

	 

	 

	 

	 

	 

	 

	simvastatin






	 

	 

	 

	 

	 

	 

	 

	 

	aripiprazole






	 

	 

	 

	 

	 

	 

	 

	 

	buspirone






	 

	 

	 

	 

	 

	 

	 

	 

	gleevec






	 

	 

	 

	 

	 

	 

	 

	 

	haloperidol (in part)






	 

	 

	 

	 

	 

	 

	 

	 

	metadone






	 

	 

	 

	 

	 

	 

	 

	 

	pimozide






	 

	 

	 

	 

	 

	 

	 

	 

	quinine






	 

	 

	 

	 

	 

	 

	 

	 

	NOT rosuvastatin






	 

	 

	 

	 

	 

	 

	 

	 

	sildenafil






	 

	 

	 

	 

	 

	 

	 

	 

	tamoxifen






	 

	 

	 

	 

	 

	 

	 

	 

	trazodone






	 

	 

	 

	 

	 

	 

	 

	 

	vincristine,5,7






	INHIBITORS

	cimetidine

	thiotepa

	gemfibrozil

	fluoxetine

	amiodarone

	amiodarone

	disulfiram

	HIV protease inhibitors:






	 

	fluoroquinolones

	ticlopidine

	montelukast

	fluvoxamine

	fluconazole

	bupropion

	 

	indinavir






	 

	fluvoxamine

	 

	 

	ketoconazole

	isoniazid

	chlorpheniramine

	 

	nelfinavir






	 

	ticlopidine

	 

	 

	lansoprazole

	 

	cimetidine

	 

	ritonavir






	 

	 

	 

	 

	omeprazole

	 

	clomipramine

	 

	amiodarone






	 

	 

	 

	 

	ticlopidine

	 

	duloxetine

	 

	NOT azithromycin






	 

	 

	 

	 

	 

	 

	fluoxetine

	 

	cimetidine






	 

	 

	 

	 

	 

	 

	haloperidol

	 

	clarithromycin






	 

	 

	 

	 

	 

	 

	methadone

	 

	diltiazem






	 

	 

	 

	 

	 

	 

	mibefradil

	 

	erythromycin






	 

	 

	 

	 

	 

	 

	paroxetine

	 

	fluvoxamine






	 

	 

	 

	 

	 

	 

	quinidine

	 

	grapefruit juice






	 

	 

	 

	 

	 

	 

	ritonavir

	 

	itraconazole






	 

	 

	 

	 

	 

	 

	 

	 

	ketoconazole






	 

	 

	 

	 

	 

	 

	 

	 

	mibefradil






	 

	 

	 

	 

	 

	 

	 

	 

	nefazodone






	 

	 

	 

	 

	 

	 

	 

	 

	troleandomycin






	 

	 

	 

	 

	 

	 

	 

	 

	verapamil






	INDUCERS

	tobacco

	phenobarbital

	—

	—

	rifampin

	—

	ethanol

	carbamazepine






	 

	 

	phenytoin

	 

	 

	secobarbital

	 

	isoniazid

	phenobarbital






	 

	 

	rifampin

	 

	 

	 

	 

	 

	phenytoin






	 

	 

	 

	 

	 

	 

	 

	 

	rifabutin






	 

	 

	 

	 

	 

	 

	 

	 

	rifampin






	 

	 

	 

	 

	 

	 

	 

	 

	St. Johns wort
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From Flockhart D: Cytochrome P450 drug-interaction table, Division of Clinical Pharmacology, Indiana University Department of Medicine, 2007 (Available at http://medicine.iupui.edu/flockhart/table.htm).





CYP 3A4 is an enzyme needed for metabolism of many drugs such as antihistamines, antibiotics, lipid-lowering drugs, antihypertensives, protease inhibitors, and azole antifungals. This system is used in the metabolism of approximately 50% of all clinically useful medications. These enzymes are the most abundant and clinically significant. (In CYP 3A4, the notation CYP indicates that the property is part of the cytochrome P450 system; 3 indicates the family; A indicates the subfamily; and 4 indicates that it is the fourth enzyme in that subsystem.)


The CYP 2D6 enzyme looks different and is different. It metabolizes selective serotonin reuptake inhibitors (SSRIs), pain relievers, β-blockers, and other drugs. This enzyme metabolizes about 30% of all clinically useful medications, is the second most abundant, and participates in converting codeine to morphine.


Of the other four enzymes, the most notable features of each are as follows:




• CYP 2C19—metabolizes proton pump inhibitors, NSAIDs, and β-blockers


• CYP 2C9—metabolizes sulfonylureas, NSAIDs, (S)-warfarin, and sildenafil citrate (Viagra)


• CYP 1A2—metabolizes acetaminophen, (R)-warfarin, theophylline, caffeine, diazepam (Valium), and verapamil


• CYP 2E1—metabolizes acetaminophen, ethanol, inactivation of toxins, and dextromethorphan





A drug can be a substrate or one that is affected by alteration of its enzyme metabolism. A drug can also be the one that causes the alteration in the enzyme metabolism of another drug by being an inhibitor or an inducer. The cytochrome P450 enzyme system may speed up a reaction because it causes the drug to change to a more hydrophilic substance. Any drug that causes the enzyme to metabolize more slowly or decreases the capacity of the enzyme pathway is called an inhibitor. For example, if a patient on fluoxetine (Prozac) takes warfarin, the fluoxetine inhibits the P450 enzyme system from metabolizing warfarin and may produce an exaggerated therapeutic response (bleeding). A drug that causes the enzymes to metabolize the substrate more quickly is called an inducer. These types of drugs increase enzyme activity by increasing the number of CYP 450 enzymes. Any drug can be involved in this process in two ways. It can be the drug or substrate that is being acted upon, or it can be the inhibitor or inducer that is acting on the enzyme to increase or decrease enzyme conversion of the substrate drug into an inactive compound. The same drug can be both a substrate and an inducer or inhibitor (Brunton et al, 2010). For example, carbamazepine is an auto inducer—it induces its own metabolism. It is the enzyme system and not the drug that is being induced or inhibited (see Figure 3-5 to examine these relationships).


A drug can inhibit an enzyme pathway through two mechanisms. The first is competition, which is not usually a problem. If it occurs, it occurs immediately. Most inhibition is metabolic. The inhibitor drug decreases the production of the enzyme. It shrinks the enzyme pathway. This is not an immediate reaction; it may take anywhere from 24 hours up to a week to see the effect, depending on the half-life of the drug (Brunton et al, 2010). From a pharmacokinetic standpoint, the major effects of drug–drug interactions are understood in terms of causing a high or low plasma and tissue level of the drug.


Enzyme induction is much less common than inhibition. These drugs make the pathway work quickly, causing the substrate drug to be deactivated more rapidly. This will lower the level of the drug in the body. The clinically important inducers are anticonvulsants. All anticonvulsants should be considered as possible inducers. Evaluation of these drugs is particularly important when they are being added to a patient’s medication regimen.


In addition to cytochrome P450, oxidation of drugs and other xenobiotics can be mediated by non-P450 enzymes, the most significant of which are flavin monooxygenase, monoamine oxidase, alcohol dehydrogenase, aldehyde dehydrogenase, aldehyde oxidase, and xanthine oxidase. Drug oxidation catalyzed by some of these enzymes may often produce the same metabolites as those generated by P450; thus, drug interactions may be difficult to predict without a clear knowledge of the underlying enzymology. Although oxidation catalyzed by non-P450 enzymes can lead to drug inactivation, oxidation may be essential for the generation of active metabolites that create drug action (Brunton et al, 2010).














Phase II: Biotransformation


Phase II or biotransformation consists of conjugate reactions in which a compound is added to the drug. These reactions bind a chemical group to the drug compound via a covalent linkage. The chemical groups added to the drug are generally highly polar, or ionized. This makes them water soluble and generally inactive. However, a few of these conjugate compounds are active (Brunton et al, 2010).








First-Pass Effect


When a medication is taken orally, it passes from the intestine directly to the liver by way of the hepatic portal blood flow (via the portal vein). Many drugs, such as nitroglycerin and estrogen, are extensively metabolized to inert compounds when they first pass through the liver. Because of this, very large amounts of the drug must be given for a sufficient dose to remain after the first pass through the liver. This is known as the first-pass effect (Stringer, 2005). It is why these drugs are often given via an alternative route, such as sublingual or topical, to avoid the liver on the first pass. Alternative route dosing also makes it possible to give a smaller amount of the drug and have it be effective.














Prodrug


A prodrug is a chemical that is pharmacologically inactive. It is biotransformed into a biologically active metabolite in the body. The angiotensin-converting enzyme inhibitor enalapril is an example of a medication that must be transformed from a prodrug to the biologically active metabolite (Brunton et al, 2010). This activity may be reduced in congestive heart failure if the liver is congested, thus delaying treatment of the patient with heart failure.


























Elimination


Elimination is the process by which drugs and their metabolites are removed from the body. The liver and the kidney are the two major organs responsible for elimination.


Most elimination occurs through excretion by the kidneys. The processes involved in renal elimination consist of glomerular filtration, tubular secretion, and partial reabsorption. In glomerular filtration, the drug enters the renal tubule by filtration. However, whether this occurs depends on the amount of protein binding because a drug does not filter into the tubule if it is bound to a protein. This action also depends on the rate of glomerular filtration, which in turn depends on the kidney function and cardiovascular status of the patient (Figure 3-6).
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FIGURE 3-6 Drug elimination by the kidney. (Modified from Wong DL: Whaley and Wong’s nursing care of infants and children, ed 6, St Louis, 1998, Mosby.)








Active, carrier-mediated tubular secretion is responsible for adding some organic anion and cation molecules to the proximal renal tubule. The carrier systems are fairly nonselective and organic ions compete for transport. Thus, two drugs may compete for the same active transport carriers, and their excretion will be slowed (Brunton et al, 2010). Although it may be difficult to predict the result, a drug can be both secreted and actively reabsorbed. Penicillin is an important example of this process.


Once the drug has been excreted via active transport in the proximal tubule, weakly acidic or alkaline molecules may undergo passive reabsorption. How much is reabsorbed depends on the pH of the urine. Alkalinization of the urine will increase the excretion of acidic molecules. Acidification of the urine will increase the excretion of basic molecules. Clinical alteration of the pH of urine will hasten the excretion of some drugs, as in the case of drug poisoning or drug toxicity (DiPiro et al, 2011).


If the glomerular filtration rate in the kidneys is reduced, the drug remains in the blood longer. In patients with kidney damage, it is necessary to calculate an estimated creatinine clearance to modify the dosage of medication necessary. This is calculated with the following formula:


Creatinine clearance=Weight(kg∗)×(140−Age[inyears])72×Serumcreatinine(mg/dl)(×0.85)†
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∗Lean body weight may reflect creatine production more accurately.


†In women, multiply the value × 0.85.


Drugs and their metabolites may be excreted through fecal and respiratory routes, through breast milk, and in other ways. The fecal route is often clinically significant. Drugs are metabolized in the liver, and the metabolites are excreted in the bile. These metabolites are reabsorbed into the blood and then are excreted in the urine or, less commonly, are simply excreted in the feces. Excretion from the liver into the bile is accomplished by active transport systems, which are limited in the quantity of metabolites they can excrete (Stringer, 2005). Different drugs may compete for transport. This competition may slow down the excretion of certain drugs; steroids provide an example of competition that slows excretion.


The respiratory route is an important route of excretion in anesthetic gases. Excretion in breast milk is important, not for the quantity excreted, but because of the effect it may have on a nursing infant. Other routes such as perspiration, saliva, tears, hair, and skin are not usually clinically significant.


Clearance is loosely defined as a measure of the rate at which the drug is removed from the body (Stringer, 2005). The body can eliminate the drug only if the drug is in contact with the eliminating organ. If a drug is being stored in adipose tissue, it cannot be cleared from the body. Thus, volume of distribution affects the clearance of a drug and hence the half-life.


Specifically, clearance is defined as the volume of plasma from which all drug is removed in a given time. It is measured as volume divided by time:


Clearance=Rate of removal of drug(mg/ml)Plasma concentration of drug(mg/ml)
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This formula yields milliliters of plasma that has had the drug removed from it in the specified amount of time (1 minute). Total body clearance is the sum of clearances from the various metabolizing and eliminating organs (Stringer, 2005).


Steady state means there is a stable concentration of the drug or the drug is being administered at the same rate at which it is being eliminated. This is fairly simple with a continuous infusion of drugs. With intermittent administration of medication, the frequency and amount of the drug must be adjusted to achieve steady state. Parkinson’s medications such as carbidopa/levodopa (Sinemet) often require adjustment for both the amount and the interval of dosing to achieve therapeutic levels without reaching toxic levels. Patients who are eliminating a drug more slowly than normal will need smaller doses than will patients who are eliminating the drug normally.








Plasma Concentration–Time Curve


The plasma concentration–time curve (Figure 3-7) illustrates what happens when a single dose of a drug is given. The time between when the drug is given and when it first takes effect is the latent period. Onset of action is the time it first takes effect. When the drug no longer has an effect, this is known as termination of action. The duration of action is the period of time during which the drug has its effect. The minimal effective concentration is the lowest level of concentration that produces the drug effect. The peak plasma level is the highest level the drug reaches. If the concentration is high enough to cause adverse drug reactions, this level is known as the toxic level. The therapeutic range is the area between the minimal effective concentration and the toxic concentration.
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FIGURE 3-7 Plasma concentration–time curve with single dose of drug.




















First-Order/Linear Kinetics


The concept of half-life is an important one to understand. The half-life of a drug is the amount of time required for the amount of drug in the body to decrease by one half. This is a significant factor in accumulation and elimination of drugs. It depends on clearance and volume of distribution. When a patient is given a drug on a regular schedule, the drug will continue to accumulate until steady state is achieved (Stringer, 2005) (Figure 3-8). The half-life of a drug listed in reference books is an approximation of what the most likely or usual half-life will be in a normal, healthy adult. However, much individual variation occurs and is based on factors that affect volume of distribution and elimination. Half-life is useful for estimating the amount of time it takes to reach a steady state of a drug after a dosage regimen is started. Steady state is reached after 4 to 5 half-lives, which represents 94% to 97% of the eventual steady state. Half-life also can be used to estimate the amount of time it takes to eliminate a drug from the body after it has been discontinued. Again, after 4 to 5 half-lives, about 94% to 97% of the drug will have been eliminated from the body (Brunton et al, 2010). Of course, there is always a difference between the absolute (or theoretical) steady state and what is seen in fact for each patient.
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FIGURE 3-8 Drug accumulation time to steady state. The line shows concentrations of drugs in the body. (Modified from Brunton LL, Chabner B, Knollman B, editors: Goodman & Gilman’s the pharmacological basis of therapeutics, ed 12, New York, 2010, McGraw-Hill.)








Drugs with short half-lives include ibuprofen and the benzodiazepine lorazepam. Examples of drugs with long half-lives are anticoagulants, diazepam, digoxin, and fluoxetine (Prozac). Drugs with long half-lives must be closely monitored because toxic effects or adverse reactions may last a long time.


In linear or first-order kinetics, drug concentration is increased or decreased in a linear fashion, depending on dosage, clearance, volume of distribution, and half-life. The drugs appear and disappear from plasma, depending on concentration. However, the percent of drug eliminated is constant.


Average concentration when the steady state is attained during intermittent drug administration may be calculated as follows:


Concentration=Drug availability×DoseClearance×Time
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Nonlinear Kinetics


Nonlinear kinetics, or zero-order kinetics, is more complicated. In this case, elimination does not depend on the dose or concentration of a drug. The amount of drug eliminated is constant. The drug is removed by saturation of a function, such as protein binding (limiting the amount of protein available for binding), hepatic metabolism (limiting the amount of enzyme causing metabolism), or active renal transport (limiting the amount of carrier). The half-life of the drug depends on the concentration (DiPiro et al, 2011; Stringer, 2005).


Phenytoin is a clinically important example of nonlinear kinetics because of both protein binding and hepatic metabolism. As phenytoin is absorbed, it is bound to plasma protein. When a regimen is started, most of the drug is bound to protein, leaving little free drug. However, as the proteins reach saturation, suddenly a much greater percentage of the absorbed drug is not protein bound and is free drug. When the proteins are saturated, suddenly the free drug, measured as a serum drug level, rises rapidly. A narrow therapeutic window makes toxicity a frequent problem. When the amount of drug concentration exceeds the ability of the liver to metabolize the drug, nonlinear kinetics occurs (DiPiro et al, 2011). Again, the body has a finite ability to produce enzymes that metabolize the drug. Once the body is working at capacity, any additional drug will accumulate and cause toxicity. Another example of a drug that follows nonlinear kinetic principles is theophylline. Drugs that follow nonlinear kinetics are far more difficult to maintain in the therapeutic range and must be monitored closely for toxicity.


























Pharmacodynamics


Pharmacodynamics is the study of the biochemical and physiologic effects of drugs and the mechanisms of their action (Brunton et al, 2010). A concise definition of pharmacodynamics to be remembered is “the effect of the drug on the body.”








Mechanisms of Drug Action


Most drugs act on the body via chemical reactions with some large molecular component of the organism. The drug alters the function of the component, thereby causing biochemical and physiologic changes that are characteristic of the response to the particular drug. The drug interacts with a chemical receptor (Katzung et al, 2011). The concept of drug receptors explains the mechanisms of action.








Drug Receptors


A receptor is the component of the organism that binds to a ligand and produces a change in function in the body. Drugs, neurotransmitters, and hormones are known as ligands. Figure 3-9 shows three types of cellular receptors. In general, drugs produce their effects by interacting with a receptor. This concept sounds obvious, but it is important to understand how drugs accomplish what they do. An example is a hormone molecule. Figure 3-9 shows three types of cellular receptors. Drugs generally do not create an effect by themselves but through a receptor. The site at which a drug acts depends on localization of the specific receptors (McCance & Huether, 2009). This concept also sounds obvious, but, again, it is important to understand how drugs accomplish what they do.
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FIGURE 3-9 Cellular receptors.
A, Plasma membrane receptor for a ligand on the surface of an integral protein. B and C, A neurotransmitter can exert its effect on a postsynaptic cell by means of two fundamentally different types of receptor proteins: channel-linked receptors and non–channel-linked receptors. Channel-linked receptors are also known as ligand-gated channels. (From Huether SE et al: Understanding pathophysiology, ed 4, St Louis, 2008, Mosby; B and C are modified from Alberts B et al, editors: Molecular biology of the cell, ed 3, New York, 1994, Garland.)








Most drug receptors are proteins. Some of the most clinically important receptors are cellular proteins, whose normal functions are to be receptors for bodily (endogenous) regulatory molecules (McCance & Huether, 2009). Examples of such molecules are hormones and neurotransmitters. Receptors can be enzymes that are chemical in nature (making it easy for reactions to occur) but that are not totally used up in the reaction. Enzymes free themselves and then continue to be available for reactions with other substrates.


The lock-and-key model of drug–receptor interaction states that the drug molecule must fit into a receptor much like the way a key fits into a lock (Figure 3-10). Drug affinity is the propensity of a drug to bind or attach itself to a given receptor site. Two types of drug–receptor interactions can occur: agonist and antagonist. An agonist is a drug that has affinity for and stimulates physiologic activity at cell receptors normally activated by naturally occurring substances. An antagonist is a drug that inhibits or counteracts effects produced by other drugs or eliminates undesired physiologic effects caused by illness. An antagonist may work competitively, with an affinity for the same receptor site as an agonist, or it may be noncompetitive, in which case it inactivates the receptor so that the agonist cannot be effective at any concentration.
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FIGURE 3-10 Drug receptor sites. (From Edmunds MW: Introduction to clinical pharmacology, ed 7, St Louis, 2013, Mosby.)




















Actions of Drugs Not Mediated by Receptors


Some drugs interact with small molecules or ions that are found in the body. For example, antacids neutralize gastric acid in the stomach. Other drugs have structures close enough to normal biologic chemicals that the body may incorporate them into cellular components; thus, function may be altered. Examples of this type of activity include purines that are incorporated into nucleic acids and are useful in treating cancers and viruses. Recombinant DNA also may serve in this manner, while working with new drugs or being used in new treatment regimens.














Quantifying the Drug–Receptor Interaction


Attempts to quantify the drug–receptor interaction involve calculating the concentration of dose-response relationships. Agonist drug interactions with a receptor are reversible. The amount of effect depends on how many receptors are occupied or are being acted on by the drug. Efficacy is a drug’s ability to produce a therapeutic or intended effect. Free drug is the amount of drug in the body that is able to bind the receptor (i.e., drug not bound to plasma proteins) (Stringer, 2005). Potency is the dependency of effect on its concentration. A drug is more potent than another if less drug is needed to achieve the desired effect. An antagonist will bind to a receptor to inhibit the action of a drug but has no intrinsic action of its own. Inhibition is competitive if it can be overcome by the increased concentration of the agonist. A noncompetitive antagonist prevents the action of the agonist at any concentration.




















Adverse Drug Reactions and Side Effects


Adverse drug reactions (ADRs) or events (ADEs) are defined by the World Health Organization as “a response to a drug that is noxious and unintended and occurs at doses normally used for man for prophylaxis, diagnosis, or therapy of disease, or for the modification of physiologic function” (Esch et al, 1971). Essentially, an adverse event is any undesirable experience associated with the use of a drug or medical product in a patient. Adverse reactions include any response to a drug that is unfavorable or unintended and that occurs at doses used in humans for prophylaxis, diagnosis, or therapy of disease or for modification of physiologic function (FDA, 1990). This is different from a side effect, which is an additional effect, desirable or undesirable, of a drug that is not the primary purpose of giving the drug. For example, an adverse reaction could be the development of a pancytopenia from taking chloramphenicol. A side effect might include photosensitivity caused by tetracycline taken for acne. An unfavorable reaction would be one that is noxious, hurtful, not wholesome, or damaging to tissue. These types of reactions may occur immediately or may take weeks or months to develop, such as the hirsutism, “buffalo-hump,” and gynecomastia seen after long-term steroid use.


The incidence of adverse drug reactions has been estimated at around 28%, accounting for about 3% to 6.7% of all hospital admissions (Hanlon et al, 2006). The World Health Organization's Adverse Reaction Terminology, which is a subset of the International Classification of Diseases, classifies adverse drug reactions into six types (with mnemonics): dose-related (Augmented), non–dose-related (Bizarre), dose-related and time-related (Chronic), time-related (Delayed), withdrawal (End of use), and failure of therapy (Failure) (Edwards & Aronson, 2000). Serious ADEs are defined by the FDA as events caused by a drug that result in a patient’s death, hospitalization, or disability, or that cause a congenital abnormality or a life-threatening event, or require an intervention to prevent permanent damage. It has been estimated that each year more than 770,000 people in the United States who are hospitalized experience ADRs at a rate that has increased by 15% over the past several years, costing major hospitals up to $5.6 million per year (Bond & Raehl, 2006). This estimate does not include ADRs that result in admissions, malpractice, and litigation costs, or the costs of injuries to patients. The annual costs of national hospital expenses to treat patients who experience ADRs during hospitalization are estimated to be between $1.56 billion and $5.6 billion. Although published reports indicate that thousands of deaths occur each year as a result of medical error, the true numbers of deaths attributed to ADRs is unknown (Kohn et al, 2001). In a meta-analysis examining the incidence of ADRs in U.S. hospitals, fatal ADRs were found to be one of the four to six leading causes of death (Bond & Raehl, 2006). Publication of studies such as these has led to additional research on the problem. The broad scope of the problem was brought to public attention in 1999 by a report issued by the Institute of Medicine (IOM), To Err Is Human: Building a Safer Health System (Kohn et al, 2000).


Most adverse drug reactions are nonallergic. They may result from overdosage, if biotransformation or excretion of normal doses is impaired, or if intake of medication is excessive. They might be a side effect reflecting an unavoidable nontherapeutic effect of the drug. A paradoxical effect or an effect opposite to that expected may develop. Drug interactions may occur, or an idiosyncratic reaction may result from unusual resistance to large doses or unexpected responses to ordinary or even low doses (Gomes & Demoly, 2005).


Most ADRs occur as a result of extension of the desired pharmacologic effects of a drug, often due to variability in the pharmacokinetics and pharmacodynamics seen among patients. Drugs such as warfarin and digoxin are at higher risk for causing ADRs, particularly because of their narrow therapeutic index when toxicity can occur at drug concentrations at or near the upper end of the therapeutic range. Elderly and pediatric patients are also highly vulnerable because drug absorption and metabolism are more variable and less predictable in both of these groups. Some research suggests that numbers of ADRs per patient in both the pediatric age group and in the elderly are higher compared with the middle age range, with the highest rates of ADRs occurring in octogenarians at a rate of 60 ADRs/10,000 people (Young et al, 1997). Elderly patients with comorbidities who are taking multiple medications, those who have a history of ADRs, and those with a reduced capacity to eliminate medications are at high risk for ADRs (Young et al, 1997). Exposure to toxic chemicals throughout the lifetime can have neurologic modulating effects that may last a lifetime. As people age, a decreasing trend in hepatic metabolizing capacity can affect their ability to clear medicines and chemicals assimilated from the environment. This trend, along with decreased urinary clearance, may cause prolonged retention of chemicals in the body. Research has demonstrated that the half-life of drugs processed by hepatic P450 enzymes or through renal elimination is 50% to 75% longer in those older than 65 than in other adults. Common liver and kidney diseases may further decrease drug and chemical clearance from these organs. The polypharmacy that is common among elderly patients may increase the likelihood of drug interactions in the body and potentiating side effects. The nervous system also undergoes changes with aging, including neural loss, altered neurotransmitter and receptor levels, and decreased adaptability to changes initiated by xenobiotics, making the patient more susceptible to neurologic changes (Ginsberg et al, 2005).


In women, a few pharmacokinetic differences can contribute to ADRs. The menstrual cycle and menopausal status can affect the metabolism of some drugs, as can the effects of supplemental estrogen or estrogen-progesterone combinations. An important consideration in women is the influence of a drug on the effectiveness of oral contraception.


Over-the-counter medications, herbal medications, and oral contraceptive pills (OCPs) often are overlooked when one is taking a medication history in patients; a careful inventory of all medications taken by patients should be performed so harmful drug interactions can be avoided (Osterberg & Blaschke, 2007) (Table 3-2).






Table 3-2


Risk Factors for Developing Adverse Drug Reactions








	Provider

	Activities That Increase Risk of Drug Reactions










	Prescriber

	Duplication of medications
Unclear directions
Incomplete drug history
Inappropriate dosing (no age adjustments)
No follow-up






	Pharmacist

	Automatic refills
Prescription errors
Failure to review medication profile
Lack of appropriate patient education






	Patient

	Use of over-the-counter drugs
Incomplete knowledge of drug history
Use of alcohol
Use of multiple pharmacies with no coordination of drugs
Use of multiple providers
Poor compliance: drug overuse or underuse












If a suspected adverse drug reaction occurs, it is important to confirm and document the reaction. The key questions that should be answered include the following (Osterberg & Blaschke, 2007):




• Has the observed reaction been previously documented to be due to the drug taken by the patient?


• Is the time course of the reaction consistent with the time(s) of drug administration?


• Could this reaction be due to another clinical condition in the patient?


• Did the reaction improve when the drug was discontinued?


• If not discontinued, did the reaction resolve?


• If the dose was reduced but not discontinued, did the reaction resolve?


• If an antidote was given, did the patient’s condition improve?


• Did the reaction recur when (if) the drug was administered again?


• Was the dose appropriate for the patient in terms of age or organ function?





For the clinician to conclude that a patient is having an adverse reaction to a drug, causality must be demonstrated and confirmed. This process may be done sequentially by (1) evaluating the relationship chronically between the adverse reaction and the drug administration, (2) confirming resolution of the adverse reaction once the drug dosage has been decreased or the drug discontinued (dechallenge), and (3) evaluating recurrence of the same symptoms after readministration of the agent (rechallenge). Nurse practitioners should work in consultation with a specialist on this problem if a decision is made to rechallenge the drug in the patient to confirm causality and only when it is imperative to use that particular drug (FDA, 1990). It is obvious that most clinicians seek to balance the strict documentation of causality with what is found to be practical. This is often determined by how essential the drug is for patient therapy.


In most cases, an adverse reaction is not diagnosed only because the adverse reaction is a known response pattern of the drug or may be measured by physiologic effects (i.e., increased or lowered blood pressure, discrete or predicted laboratory abnormality, serum drug concentrations). Occasionally, a patient reaction will eventually be classified as an adverse reaction if it seems unrelated to the patient’s concomitant diseases, clinical status, or other therapies (past or present). This type of unusual response should be reported to the FDA.


Adverse reactions are classified by severity. With mild reactions, the patient may have some signs or symptoms, but these may be responses the patient is willing to tolerate and often do not require treatment. Moderate reactions produce more discomfort and may interfere with the patient’s activities; these reactions often require some form of treatment. Severe adverse reactions may actually incapacitate the patient or may interfere with the patient’s ability to work or complete activities of daily living. They even may be life threatening or may contribute to the death of the patient. Although severe drug reactions may represent only 5% to 10% of all those reported, FDA records show that the elderly have an increased risk for severe adverse reactions, with patients older than 60 years of age accounting for nearly half of adverse drug reactions that may be associated with death (Hanlon et al, 2006; Kvasz et al, 2000). Severe drug reactions often require hospitalization, intensive medical care, and longer than 15 days for recovery. Alternatively, other severe adverse reactions may lead to development of congenital anomalies. See Box 3-1 for some of the drugs commonly implicated in serious adverse effects.





BOX 3-1   Known Cytochrome P450 Enzyme Reactions with Drugs












	CYTOCHROME 1A2 ISOENZYMES






	Substrates

	Inhibitors

	Inducers






	amitriptyline

	cimetidine

	phenobarbital






	caffeine

	ciprofloxacin

	phenytoin






	clomipramine

	clarithromycin

	rifampin






	clozapine

	enoxacin

	ritonavir






	cyclobenzaprine
desipramine

	erythromycin
fluvoxamine (potent)

	 






	diazepam

	grapefruit juice

	 






	haloperidol

	isoniazid

	 






	imipramine

	ketoconazole

	 






	(R)-warfarin

	levofloxacin

	 






	tacrine

	norfloxacin

	 






	theophylline

	omeprazole

	 






	zileuton

	paroxetine

	 






	CYTOCHROME 2C ISOENZYME






	Substrates

	Inhibitors

	Inducers






	amitriptyline

	amiodarone 2C9

	carbamazepine






	clomipramine

	chloramphenicol 2C9

	phenobarbital






	diazepam 2C9

	cimetidine 2C9

	phenytoin






	imipramine

	fluconazole

	rifampin






	losartan 2C9

	fluoxetine

	 






	omeprazole

	fluvastatin

	 






	phenytoin 2C9

	fluvoxamine 2C9, potent

	 






	(S)-warfarin 2C9

	isoniazid

	 






	tolbutamide

	ketoconazole (weak)

	 






	topiramate 2C9

	omeprazole 2C9, 2C19

	 






	 

	sertraline

	 






	 

	topiramate 2C19

	 






	 

	zafirlukast 2C9

	 















	
CYTOCHROME 2D6 ISOENZYMES






	Substrates

	 

	Inhibitors

	Inducers






	amitriptyline

	maprotiline

	carbamazepine

	amiodarone






	bisoprolol

	meperidine

	phenobarbital

	cimetidine






	chlorpromazine

	methadone

	phenytoin

	clomipramine






	clomipramine

	methamphetamine

	rifampin

	desipramine






	clozapine

	metoprolol

	ritonavir

	fluoxetine






	codeine

	mexiletine

	 

	fluphenazine






	cyclobenzaprine

	morphine

	 

	haloperidol






	desipramine

	nortriptyline

	 

	mibefradil






	dexfenfluramine

	oxycodone

	 

	paroxetine






	dextromethorphan

	paroxetine

	 

	propafenone






	donepezil

	perphenazine

	 

	quinidine






	doxepin

	propafenone

	 

	ritonavir






	fenfluramine

	propranolol

	 

	sertraline






	flecainide

	risperidone

	 

	thioridazine






	fluoxetine

	thioridazine

	 

	 






	fluphenazine

	timolol

	 

	 






	haloperidol

	tramadol

	 

	 






	hydrocodone

	trazodone

	 

	 






	imipramine

	venlafaxine

	 

	 






	CYTOCHROME 3A4 ISOENZYMES






	Substrates

	 

	Inhibitors

	Inducers






	alfentanil

	ketoconazole

	amiodarone

	carbamazepine






	alprazolam

	lansoprazole

	cannabinoids

	dexamethasone






	amitriptyline

	(minor)

	clarithromycin

	ethosuximide






	amlodipine

	lidocaine

	erythromycin

	phenobarbital






	astemizole

	losartan

	fluconazole

	phenytoin






	atorvastatin

	lovastatin

	fluoxetine

	primidone






	busulfan

	mibefradil

	fluvoxamine

	rifabutin






	cannabinoids

	miconazole

	grapefruit juice

	rifampin






	carbamazepine

	midazolam

	indinavir

	troglitazone






	cisapride

	navelbine

	itraconazole

	 






	clindamycin

	nefazodone

	ketoconazole

	 






	clomipramine

	nelfinavir

	omeprazole (slight)

	 






	clonazepam

	nicardipine

	metronidazole

	 






	cocaine

	nifedipine

	mibefradil

	 






	cyclobenzaprine

	nimodipine

	miconazole

	 






	cyclophosphamide

	nisoldipine

	nefazodone

	 






	cyclosporine

	ondansetron

	nelfinavir

	 






	dapsone

	paclitaxel

	norfloxacin

	 






	dexamethasone

	pravastatin

	quinine

	 






	dextromethorphan

	prednisone

	ritonavir

	 






	diazepam (minor)

	quinine

	saquinavir

	 






	diltiazem

	rifampin

	sertraline

	 






	disopyramide

	ritonavir

	troleandomycin

	 






	donepezil

	(R)-warfarin

	zafirlukast

	 






	doxorubicin

	saquinavir

	 

	 






	dronabinol

	sertraline

	 

	 






	erythromycin

	tacrolimus

	 

	 






	estrogens, OBC

	tamoxifen

	 

	 






	ethosuximide

	temazepam

	 

	 






	etoposide

	terfenadine

	 

	 






	felodipine

	testosterone

	 

	 






	fentanyl

	triazolam

	 

	 






	fexofenadine

	verapamil

	 

	 






	ifosfamide

	vinblastine

	 

	 






	imipramine

	vincristine

	 

	 






	indinavir

	zileuton

	 

	 






	isradipine
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Serious adverse reactions should be voluntarily reported to the FDA Medical Products MedWatch Reporting Program by calling 800-FDA-1088 (or 800-4USP-PRN) or by faxing to 800-FDA-0178 (or 301-816-8532). The FDA compiles a quarterly report of drugs causing adverse reactions based on data from the Adverse Event Reporting System (AERS). A drug's appearance on the FDA list does not mean that the agency has determined that the drug actually poses the health risk reported through AERS. It does mean that the FDA requires additional study to determine whether there is a causal link. If a link is established, the FDA then may consider a variety of options: regulatory action, such as revising the drug's label, requiring a risk evaluation and mitigation strategy, or gathering more data to better characterize the risk.


If a serious warning to drug prescribers is required to ensure the continued safe use of a product, the FDA may require the drug manufacturer to print a warning to be displayed in heavy type and boxed text at the beginning of the package insert (the “black box”). Finally, the FDA can require a manufacturer to recall or withdraw a product because of a serious problem. Sometimes product withdrawals mean that marketing of the product is stopped permanently (FDA website, 2012).


Every year the Adverse Effects reports are analyzed and a list of the top offending drugs published. Some of the reports also involve interactions with other drugs, so it is difficult to separate adverse effects from some drug–drug interactions. An analysis of these FDA reports over the last decade shows that the number of adverse effects reported, as well as those with serious effects, have more than doubled. In some cases the reports prompt the FDA to take action—for example, removing acetaminophen from many over-the-counter cough and cold medications for children (Brunton et al, 2010).

















Drug Interactions


The clinician should always evaluate the risk versus benefit of any possible combination of drugs. The first evaluation is the possibility of a serious drug–drug interaction. Approximately 5% of all drug–drug interactions are clinically significant (Bond & Raehl, 2006). When a drug-drug interaction is suspected, ask yourself: Is the possible reaction serious? Is it reversible? Second, the therapeutic window of the drug in question is important. If the drug has a narrow therapeutic window, then the risk of a drug–drug interaction is greater. Third, consider the time course of the drugs involved. A drug with a long half-life will cause a longer adverse reaction than one with a short half-life. Multiply the half-life of the drug that is being affected by 4 to 5 times, and this will tell you when you will achieve a new steady-state drug level. Fourth, the age of the patient is important. Although most research has been done on adults, adults are the least likely to have drug interactions. Extremes of age—old or young—predispose a patient to adverse reactions. Fifth, coexisting morbidity is also an important factor. Patients with a seizure disorder, cardiovascular disease, or HIV or other infection are at risk for drug interactions. Patients with cardiovascular disease are at extra risk because they often have poor perfusion of the liver, and this affects enzyme action. Also, these patients are usually on several drugs that may have P450 interactions, such as antiarrhythmics and calcium channel blockers (DiPiro et al, 2011; Gomes & Demoly, 2005).


In general, if in doubt, anticipate that the new drug will interact with the drugs the patient is already taking if there is some commonality, such as CYP metabolism or agonist/antagonist issues. When adding a drug to a patient’s regimen, the practitioner should always consult a comprehensive drug reference for any known drug–drug interactions. Further, the practitioner should review the profile of the drug for side effects that would be additive to existing therapy, CYP 450 enzyme metabolism, administration issues, and so forth. These factors can hinder optimal care and compliance of the patient. When monitoring drug therapy, it is essential for the clinician to counsel the patient regarding specific signs and symptoms that might accompany a drug–drug interaction or side effects. If recommended, the dosage of one medicine may have to be adjusted when another is added (Brunton et al, 2010).


Many significant drug–drug interactions can be understood in terms of cytochrome P450 reactions. However, drug–drug interactions are more complex for at least two reasons. First, some drug–drug interactions can be attributed to pharmacokinetic differences resulting from other enzymes such as monoamine oxidases, flavin-containing monooxygenases, uridine-5-diphosphate (UDP)–glucuronosyl transferases, and sulfotransferases. These and other drug-metabolizing enzymes also show the characteristics of induction and inhibition by drugs that are associated with P450s, although most have not yet been studied as extensively (Zhou et al, 2005). The other aspect of drug–drug interactions is that some of these are probably pharmacodynamic instead of pharmacokinetic; this occurs when drugs compete for binding to a receptor directly related to the pharmacologic response.


Common drug interactions may be described as summative (when the combined effects of two drugs produce a result that equals the sum of the individual effects of each agent, such as is seen with colestipol plus lovastatin); synergistic (when the combined effect of two drugs is greater than the sum of each individual agent acting independently, as is seen with hydrochlorothiazide [HCTZ] with angiotensin-converting enzyme inhibitor); or potentiating (when one drug increases the effect of the other drug, such as when probenecid inhibits the clearance of penicillin from the body, thereby increasing its effect). These effects may occur rapidly (within 24 hours) or may be delayed for days or weeks (Zhou et al, 2005).


Certain categories of medications are more likely to be involved in important P450–drug interactions. Some of the most important drug categories involved in drug–drug interactions because of the P450 system are the following:




• Many antibiotics present a risk. Erythromycin is both a substrate and an inhibitor. Many newer quinolones are inhibitors. For example, these antibiotics may inhibit the metabolism of theophylline.


• Research on polypharmacy confirms that many drugs increase the risk of falls; patients taking two or more drugs have 2.5 times a greater chance of falling.


• The azole antifungals are inhibitors.


• Drugs for HIV metabolism are susceptible to induction and inhibition.


• The nonsedating antihistamines are inhibitors. Terfenadine was a very potent inhibitor and was taken off the market because of interactions with several antiinfectives. The other antihistamines have far fewer inhibitor effects.


• The anticonvulsants can be both inhibitors and inducers.


• The metabolism of oral contraceptives can be induced. By induction, the oral contraceptive is metabolized more quickly, leaving less drug in the system and causing the patient to be at higher risk for pregnancy. If a woman on birth control pills takes an antibiotic, she should use a barrier contraceptive for the month she is taking the antibiotics and for 1 week longer.


• Many antidepressants, such as fluoxetine and nefazodone, are inhibitors and substrates.


• Among the cardiovascular drugs, antiarrhythmics may be inhibitors and substrates. Calcium channel blockers are both inhibitors and substrates. Several β-blockers are substrates. All statins are substrates or inhibitors. For example, losartan is a substrate.


• Codeine is a substrate whose metabolism may be induced/inhibited.


• Warfarin is a substrate drug whose metabolism is induced/inhibited by many drugs. It has a very narrow therapeutic window with potentially serious side effects. Extensive information should be collected about any drug added to a patient on a warfarin regimen. International Normalized Ratio (INR) times should be followed closely (even in the absence of drug–drug interactions).


• Cimetidine is an inhibitor of several isoenzyme pathways.


• Cyclosporine is a substrate whose metabolism can be inhibited by many drugs.


• The benzodiazepines can be a substrate whose metabolism is induced or inhibited.


• Caffeine is a substrate.


• Grapefruit juice inhibits the cytochrome P450 enzyme system in the intestine, allowing better absorption of a drug. Drinking large amounts of grapefruit juice can increase the level of certain drugs up to threefold. The cause and mechanism of this are not completely known.


• The effect of herbal medicines is unknown. Anecdotal evidence of drug interactions has been obtained but no scientific evidence. To be safe, assume that herbal medicines are active in the enzyme system, and discourage their use in a patient with risk factors for drug interactions.


• Vitamins, including the antioxidants, are not significant inducers or inhibitors.





In the future, new immunostimulation therapy probably will affect the P450 enzyme system, generally acting as an inhibitor. See Box 3-2 for a complete listing of known reactions related to the P450 system.





BOX 3-1   Drugs Associated with Serious Adverse Effects


Hepatotoxic Drugs







acetaminophen


4-aminoquinolines


amiodarone


anabolic steroid agents


antithyroid agents


asparaginase


azlocillin


carbamazepine


carmustine


contraceptives (estrogen)


dantrolene


daunorubicin


disulfiram


divalproex


erythromycin


estrogen DES, conjugated


etretinate


gold compounds


halothane


isoniazid


ketoconazole


mercaptopurine


methotrexate


methyldopa


mezlocillin


naltrexone


phenothiazine


phenytoin


piperacillin


plicamycin


rifampin


sulfonamides


tetracycline


valproic acid








Nephrotoxic Drugs







acyclovir


aminoglycoside antibiotics


amphotericin B


analgesic combinations


capreomycin


captopril


cisplatin


cyclosporine


demeclocycline


edetate calcium disodium


enalapril


gold compounds


lithium


methotrexate


methoxyflurane


neomycin


NSAIDs


penicillamine


pentamidine


plicamycin


rifampin


streptozocin


sulfonamides


tetracyclines


vancomycin











Other Toxicities







Anaphylaxis: penicillins, heparin, aspirin, parenteral iron, dextran


Asthma: aspirin, ibuprofen


Blood dyscrasias: chloramphenicol, anticonvulsants, penicillins, hydralazine, sulfonamides, anticancer drugs


Damage to eighth cranial nerve: furosemide, aspirin and other salicylates, vibramycin, gentamicin


Eye damage: topical corticosteroids, ethambutol, thorazine, chloroquine


Peripheral neuritis: isoniazid, vincristine, hydralazine, ethambutol








Modified from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby; Brunton L, Chabner B, Knollman B et al: Basic and clinical pharmacology, ed 12, New York, 2011, McGraw Hill.





Finally, the activity of specific metabolizing enzymes is selectively affected in individuals with liver disease. The enzyme CYP 2C19 is more sensitive than CYP 2D6. Any recommendations for modification of drug dosage in the presence of liver disease should be based on knowledge of the particular enzyme involved in metabolism of the drug. Much of this information has yet to emerge from ongoing studies (Dresser et al, 2000; Lim et al, 2005).








Food and Drug Interactions


Because many medications are administered orally, the potential for interaction with food is high. Taken together, food and drugs may alter the body’s ability to utilize a particular food or drug. Some of these interactions may result from activation of the P450 enzyme system or from competition with receptor sites. Monoamine oxidase inhibitors (MAOIs) are some of the drugs most noted for drug–food interactions because they cannot be taken with aged cheese or many processed foods. Because both OTC and prescription drugs may interact with food, some principles that are important to stress with every patient include the following:




• Cigarettes can diminish the effectiveness of medication or can create other problems with particular drugs by increasing metabolism.


• Caffeine, which is found in coffee, tea, soft drinks, chocolate, and some medications, can also affect the action of some drugs.





See Table 3-3 for specific information concerning food–drug interactions that should be communicated to patients.




TABLE 3-3


Common Food–Drug Interactions










	Medication Category

	Common Medication Examples

	Interactions and Instructions to Patients










	ANTIINFECTIVES






	Penicillins: used to treat a wide variety of infections

	amoxicillin (Trimox, Amoxil); ampicillin (Principen, Omnipen); penicillin V (Veetids)

	Amoxicillin and bacampicillin may be taken with food; however, absorption of other types of penicillins is reduced when taken with food. Avoid acidic fruit juices, citrus fruits, and acidic beverages such as cola drinks. The antibiotics are acid labile (reduce absorption). Take drug 1 hr before meals (AC) or 2 hr after meals (PC).






	Cephalosporins

	cefaclor (Ceclor, Ceclor CD); cefadroxil (Duricef); cefixime (Suprax); cefprozil (Cefzil); cephalexin (Keflex, Keftab)

	Take on an empty stomach 1hr AC or 2 hr PC meals. Can be taken with food if severe GI upset.






	Tetracyclines: used to treat a wide variety of infections

	tetracycline HCl (Achromycin V, Sumycin); doxycycline (Vibramycin); minocycline (Minocin)

	These drugs should not be taken within 2 hr of eating dairy products such as milk, ice cream, yogurt, or cheese, or of taking calcium or iron supplements. Calcium forms complex with the drug, resulting in reduced absorption of the antibiotic. Take 1 hr AC or 2 hr PC.






	Erythromycin or macrolides: used in treating skin and ear infections

	erythromycin (E-Mycin, Ery-Tab, ERYC); erythromycin and sulfisoxazole (Pediazole); azithromycin (Zithromax); clarithromycin (Biaxin)

	Erythromycins vary in their reactions with food. Avoid meals, acidic fruit juices, citrus fruits, and acidic beverages such as cola drinks. The antibiotics are acid labile (reduce absorption). Take drug 1 hr AC or 2 hr PC.






	Sulfonamides: used to treat stomach and urinary tract infections

	sulfamethoxazole and trimethoprim (Bactrim, Septra)

	Avoid alcohol because the combination may cause nausea. Take on an empty stomach if possible.






	ANTIFUNGALS






	 

	ketoconazole (Nizoral); itraconazole (Sporanox); griseofulvin (Grifulvin V)

	Avoid taking these medications with dairy products or antacids. Avoid drinking alcohol or using medications or food that contain alcohol for at least 2 days after taking ketoconazole. This may produce a disulfiram-type reaction.






	Methenamine: used in treating urinary tract infections

	methenamine (Mandelamine, Urex)

	Cranberries, plums, prunes, and their juices help the action of this drug. Avoid citrus fruits and citrus juices. Eat foods with protein, but avoid dairy products.






	Nitroimidazole: used to treat intestinal and genital infections caused by bacteria and parasites

	metronidazole (Flagyl)

	Do not drink alcohol while using this drug; it will cause stomach pain, nausea, vomiting, headache, flushing, or redness of the face. It may produce a disulfiram-type reaction.






	Quinolones

	ciprofloxacin (Cipro); levofloxacin (Levaquin); ofloxacin (Floxin)

	Take on an empty stomach 1 hr AC or 2 hr PC meals. Can be taken with food if severe GI upset. Avoid calcium-containing products and vitamins and minerals that contain iron and antacids because these significantly decrease drug concentrations. Taking with caffeine products may increase caffeine levels and produce excitability and nervousness.






	CARDIOVASCULAR DRUGS






	Diuretics: eliminate water, sodium, and chloride

	furosemide (Lasix); triamterene-hydrochlorothiazide (HCTZ) (Dyazide, Maxzide); triamterene (Dyrenium); bumetanide (Bumex); metolazone (Zaroxolyn); HCTZ (Esidrix, HydroDIURIL)

	Diuretics vary in their interactions with nutrients. Loss of potassium, calcium, and magnesium occurs with some diuretics. May require potassium supplement. With some loop diuretics, potassium loss is less significant.






	Nitrates: relax veins and/or arteries to reduce work of the heart

	nitroglycerin (Nitro, Nitro-Dur, Transderm-Nitro); isosorbide dinitrate (Isordil, Sorbitrate)

	Use of sodium (salt) should be restricted for medication to be effective. Use with alcohol may drastically lower blood pressure. Check labels on food packages for sodium.






	
Antihypertensives: relax blood vessels, increase the supply of blood and oxygen to the heart and lessen its workload; may regulate heartbeat

	β-blockers: atenolol (Tenormin); metoprolol (Lopressor); propranolol (Inderal); nadolol (Corgard); ACE inhibitors: captopril (Capoten); enalapril (Vasotec); lisinopril (Prinivil, Zestril); quinapril (Accupril); moexipril (Univasc)

	Use of sodium (salt) should be restricted for medications to be effective. Check labels on food packages for sodium. Alcohol and propranolol combination may dramatically lower blood pressure. ACE inhibitors: food can decrease absorption. ACE inhibitors may increase the amount of potassium. Avoid eating large amounts of foods high in potassium.






	Anticoagulants: prolong clotting of the blood

	warfarin (Coumadin)

	Moderation in consumption of foods high in vitamin K is recommended because vitamin K produces blood-clotting substances. Such foods include beef liver; green leafy vegetables such as spinach, cabbage, cauliflower, and Brussels sprouts; potatoes; vegetable oil; and egg yolk. High doses of vitamin E (400 IU or more) may prolong clotting time.






	Antihyperlipidemics: HMG-CoA reductase inhibitors or “statins” lower cholesterol

	atorvastatin (Lipitor); fluvastatin (Lescol); lovastatin (Mevacor); pravastatin (Pravachol); simvastatin (Zocor)

	Mevacor should be taken with the evening meal to enhance absorption. Avoid large amounts of alcohol because these may increase risk of liver damage.






	CENTRAL NERVOUS SYSTEM DRUGS






	Analgesics/antipyretics

	acetaminophen (Tylenol, Tempra)

	Take on an empty stomach for more rapid relief because food may slow the body’s absorption of the drug. Concurrent use with alcohol can increase the risk of liver damage or GI bleeding.






	Antianxiety drugs

	lorazepam (Ativan); diazepam (Valium); alprazolam (Xanax)

	Use with caffeine may cause excitability, nervousness, and hyperactivity and may lessen the antianxiety effect. Use with alcohol may impair mental and motor functions.






	Antidepressants

	paroxetine (Paxil); sertraline (Zoloft); fluoxetine (Prozac)

	Avoid concurrent use with alcohol. These medications can be taken with or without food.






	Analgesics/narcotics

	codeine with acetaminophen (Tylenol No. 2, 3, 4); morphine (Roxanol, MS Contin); oxycodone with acetaminophen (Percocet, Roxicet); meperidine (Demerol); hydrocodone with acetaminophen (Vicodin, Lorcet)

	Do not consume alcohol because of additive CNS depression. Use caution when motor skills are required.






	lithium carbonate: regulates changes in chemical levels in the brain

	Various names

	Follow the dietary and fluid intake instructions of health care provider to avoid very serious toxic reactions.






	MAOIs: act as antidepressant

	phenelzine (Nardil); tranylcypromine (Parnate)

	A very dangerous, potentially fatal interaction can occur with foods that contain tyramine, a chemical in alcoholic beverages, particularly wine, and in many foods such as hard cheeses, chocolate, beef or chicken livers, sour cream, yogurt, raisins, bananas, avocados, soy sauce, yeast extract, meat tenderizers, sausages, and anchovies. Patient may develop severe headache, nosebleed, chest pain, photosensitivity, or severe hypertension with hypertensive crisis.






	Sedative-hypnotics

	Various names

	Do not use alcohol with any sleep medications. Oversedation occurs.






	GASTROINTESTINAL DRUGS






	Antacids, antiulcer medications, histamine blockers: work to reduce acid in the stomach

	cimetidine (Tagamet); famotidine (Pepcid); ranitidine (Zantac); nizatidine (Axid)

	Follow specific diets given by health care provider. Avoid large amounts of caffeine; dairy products such as milk or cream may increase acid secretion if calcium carbonate is used as a calcium supplement.






	Laxatives: stimulate intestine, soften stool, add bulk or fluid to stool

	Various names

	Excessive use of laxatives can cause loss of essential vitamins and minerals and may require replenishment of potassium.






	MUSCULOSKELETAL DRUGS






	Aspirin: used to reduce pain, fever, and inflammation∗


	aspirin (Bayer, Ecotrin)

	Because aspirin can cause stomach irritation, avoid alcohol. To avoid stomach upset, take with food. Do not take with fruit juice. Buffered or enteric-coated aspirin may also reduce GI bleeding.






	NSAIDs: used to relieve pain and reduce inflammation and fever

	ibuprofen (Advil, Motrin); naproxen (Anaprox, Aleve, Naprosyn); ketoprofen (Orudis); nabumetone (Relafen)

	These drugs should be taken with food or milk because they can irritate the stomach. Avoid taking with the types of foods or alcoholic beverages that tend to irritate the stomach.






	Indomethacin: used to reduce pain, swelling, joint pain, and fever in certain types of arthritis and gout

	Indocin

	This drug should be taken with food because it can irritate the stomach. Avoid taking with the types of foods or alcoholic beverages that tend to irritate the stomach.






	Piroxicam: used to reduce pain, swelling, stiffness, joint pain, and fever in certain types of arthritis

	Feldene

	This medication should be taken with a light snack because it can cause stomach irritation. Avoid alcohol because it can add to the possibility of stomach upset.






	
Corticosteroids: used to provide relief to inflamed areas; lessen swelling, redness, itching, and allergic reactions

	methylprednisolone (Medrol); prednisone (Deltasone); prednisolone (Pediapred, Prelone); cortisone acetate (Cortef)

	Take with food or milk to decrease GI distress. Avoid alcohol because both alcohol and corticosteroids can cause stomach irritation. Also avoid foods high in sodium (salt). Check labels on food packages for sodium. Take with food to prevent stomach upset.






	Codeine narcotic: used to suppress cough and relieve pain; often with ASA or acetaminophen

	aspirin with codeine, Tylenol with codeine

	Do not drink alcohol with this medication because it increases the sedative effect. Take with meals, small snacks, or milk because this medication may cause stomach upset.






	RESPIRATORY DRUGS






	Antihistamines: used to relieve or prevent symptoms of colds, hay fever, and other types of allergy; act to limit or block histamine

	brompheniramine (Dimetane, Bromphen); chlorpheniramine (Chlor-Trimeton, Teldrin); diphenhydramine (Benadryl, Banophen); clemastine (Tavist); fexofenadine (Allegra); loratadine (Claritin); cetirizine (Zyrtec); astemizole (Hismanal)

	Avoid taking with alcoholic beverages because antihistamines combined with alcohol may cause drowsiness and slowed reactions. Take prescription antihistamines on an empty stomach to increase their effectiveness.






	Bronchodilators: used to treat the symptoms of bronchial asthma, chronic bronchitis, and emphysema; these medicines relieve wheezing, shortness of breath, and dyspnea; they work by opening the air passages of the lungs

	theophylline (Slo-bid, Theo-Dur, Theo-Dur 24, Uniphyl); albuterol (Ventolin, Proventil, Combivent); epinephrine (Primatene Mist)

	Avoid eating or drinking large amounts of food or beverages that contain caffeine because both bronchodilators and caffeine stimulate the CNS. High-fat meals may increase the amount of theophylline in the body, and high-carbohydrate meals may decrease it. The effect of food on theophylline products varies.
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∗Many over-the-counter cold remedies contain aspirin in combination with other active ingredients.


Modified from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby; Brunton L, Chabner B, Knollman B et al: Basic and clinical pharmacology, ed 12, New York, 2011, McGraw Hill; National Consumers’ League: Food drug interactions, Washington, DC, 1999, National Consumers League.





A clinical resource for evaluating whether a patient’s symptoms might be related to a drug–drug interaction is the database maintained by the University of Florida, where clinicians can type in the products the patient is taking and check for interactions. (See www.druginteractioncenter.org.) Some retail pharmacies also maintain these types of databases.














Alcohol–Medication Interactions


Alcohol is another product with vast potential for interactions with drugs. In an alert distributed by the National Institute on Alcohol Abuse and Alcoholism (1995), it was estimated that alcohol–medication interactions may be a factor in at least 25% of all emergency department admissions (Weathermon & Crabb, 1999). An unknown number of less serious interactions go unrecognized and unrecorded.


It has been estimated that approximately 70% of the adult population consumes alcohol at least occasionally, and up to 10% of people may drink daily. Data from the 2010 Behavioral Risk Factor Surveillance System revealed that more than 38 million U.S. adults are binge drinkers, drinking alcohol excessively an average of four times a month. In the journal Vital Signs, the Centers for Disease Control and Prevention (CDC) researchers reported that binge drinking was most prevalent among adults ages 18 to 34 (CDC, 2012). These figures, together with the facts concerning the substantial numbers of people who take medications, suggest that some concurrent use of alcohol and medications is inevitable.


One segment of the population at particular risk for alcohol–drug interactions consists of the elderly, who take 25% to 30% of all prescription medications. Elderly individuals are more likely to experience medication side effects than are younger persons, and these effects tend to be more severe with advancing age. Among persons aged 60 years or older, 10% of those in the community and 40% of those in nursing homes fulfill criteria for alcohol abuse. Seniors who report binge drinking did so more often on average (CDC, 2012).








How Alcohol and Drugs Interact


Both drugs and alcohol travel through the bloodstream to exert the desired effects on the body. With alcohol, the site of action is the brain; therefore, intoxication occurs until the alcohol has been finally metabolized and eliminated, principally by the liver.


The extent to which an administered dose of a drug reaches its site of action is described in terms of its availability. Alcohol can influence the effectiveness of a drug by altering its availability (NIAAA, 2011). Typical alcohol–drug interactions include the following (Weathermon & Crabb, 1999):




• An acute dose of alcohol (a single drink or several drinks over several hours) may inhibit a drug’s metabolism by competing with the drug for the same set of metabolizing enzymes. This interaction prolongs and enhances the drug’s availability, potentially increasing the patient’s risk of experiencing harmful side effects from the drug.


• In contrast, chronic (long-term) alcohol ingestion may activate drug-metabolizing enzymes, thus decreasing the drug’s availability and diminishing its effects. After these enzymes have been activated, they remain so even in the absence of alcohol, thereby affecting the metabolism of certain drugs for several weeks after cessation of drinking. Thus, a recently abstinent chronic drinker may need higher doses of some medications than are required by nondrinkers to achieve therapeutic levels.


• Enzymes activated by chronic alcohol consumption transform some drugs into toxic chemicals that can damage the liver or other organs.


• Alcohol can magnify the inhibitory effects of sedative and narcotic drugs at their sites of action in the brain.





To add to the complexity of these interactions, some drugs affect the metabolism of alcohol, thus altering its potential for intoxication and the adverse effects associated with alcohol consumption. The Institute on Alcohol Abuse and Alcoholism Alert is precise in summarizing common drug–alcohol interactions. See Table 3-4 for these interactions.




TABLE 3-4


Specific Drug–Alcohol Interactions








	Drug Interaction

	Physiologic Result










	Anesthetics

	Chronic alcohol consumption increases the dose of propofol (Diprivan) required to induce loss of consciousness. Chronic alcohol consumption increases the risk of liver damage that may be caused by the anesthetic gases enflurane (Ethrane) and halothane (Fluothane).






	Antibiotics

	With acute alcohol consumption, some may cause nausea, vomiting, headache, and possibly convulsions; among these antibiotics are furazolidone (Furoxone), griseofulvin (Grisactin and others), metronidazole (Flagyl), and the antimalarial quinacrine (Atabrine). Acute alcohol consumption decreases the availability of isoniazid in the bloodstream, whereas chronic alcohol use decreases the availability of rifampin.






	Anticoagulants

	Acute alcohol use enhances the availability of warfarin, thereby increasing the patient’s risk for life-threatening hemorrhage. Chronic alcohol consumption reduces the availability of warfarin, thereby lessening protection in blood clotting disorders.






	Antidepressants

	Alcoholism and depression are frequently associated, leading to a high potential for alcohol–antidepressant interactions. Alcohol increases the sedative effect of tricyclic antidepressants, such as amitriptyline, thereby impairing the mental skills required for driving. Acute alcohol consumption increases the availability of some tricyclics, potentially increasing their sedative effects; chronic alcohol use may increase the availability of some tricyclics and may decrease the availability of others. A chemical called tyramine, found in some beers and wine, interacts with some antidepressants, such as MAOIs, and one drink may produce a dangerous rise in blood pressure.






	Antidiabetic medications

	Acute alcohol use prolongs and chronic alcohol consumption decreases the availability of tolbutamide (Orinase). With other drugs, antidiabetic medications may produce symptoms of nausea and headache such as those described for metronidazole.






	Antihistamines

	Alcohol may intensify the sedation caused by some antihistamines or may cause excessive dizziness and sedation in older persons.






	Antipsychotic medications

	Acute alcohol use increases the sedative effect of these drugs, resulting in impaired coordination and potentially fatal breathing difficulties, and may result in liver damage.






	Antiseizure medications

	Acute alcohol increases the availability of phenytoin (Dilantin) and the risk of side effects. Chronic drinking may decrease phenytoin availability, significantly reducing the patient’s protection against epileptic seizures, even during a period of abstinence.






	Antiulcer medications

	Cimetidine (Tagamet) and ranitidine (Zantac) may increase the availability of a low dose of alcohol under some circumstances.






	Cardiovascular medications

	Acute alcohol use interacts with some drugs to cause dizziness or fainting on standing up. These drugs include nitroglycerin, reserpine, methyldopa, hydralazine, and guanethidine. Chronic alcohol use decreases the availability of propranolol, potentially reducing its therapeutic effect.






	Narcotic pain relievers

	The combination of opiates and alcohol enhances the sedative effect of both substances, thereby increasing the risk of death from overdose. A single dose of alcohol can increase the availability of propoxyphene, potentially increasing its sedative side effects.






	Nonnarcotic pain relievers

	Some of these drugs cause stomach bleeding, particularly in the elderly, and inhibit blood clotting; alcohol can exacerbate these effects. Aspirin may increase the availability of alcohol, heightening the effects of a given dose of alcohol. Chronic alcohol use activates enzymes that transform acetaminophen into chemicals that can cause liver damage, even when used in small amounts.






	Sedatives and hypnotics

	Benzodiazepines that are sedating may cause severe drowsiness with alcohol, thus increasing the risk of all accidents, especially in the elderly. Low doses of flurazepam (Dalmane) interact with low doses of alcohol to impair driving ability, even when alcohol is ingested in the morning. The combination of alcohol and lorazepam may result in depressed heart and breathing functions. Acute alcohol consumption increases the availability of barbiturates, prolonging their sedative effects. Chronic alcohol consumption decreases barbiturate availability through enzyme activation. In addition, acute or chronic alcohol consumption enhances the sedative effect of barbiturates at their site of action in the brain, sometimes leading to coma or fatal respiratory depression.









From Institute on Alcohol Abuse and Alcoholism: Alert on alcohol and medication interactions, No. 27 PH355, Washington, DC,Institute on Alcohol Abuse and Alcoholism. Pubs.niaan.nih.gov/publications/Medicine./medicine. Accessed August 15, 2012.























Over-the-Counter Drug Interactions With Prescription Drugs


When patients are taking prescription medications, the additional use of OTC products may become a problem. Although specific drugs should be evaluated for their potential OTC interactions, it is important to be aware of common interactions (Table 3-5). Patients should always read the label of OTC products because common drug interactions are listed in the “Warning” section on those labels. Patients who experience a side effect after taking an OTC medicine for a common ailment should discontinue the product at once and consult a health care provider for guidance.




TABLE 3-5


Common OTC Drug Interactions with Prescription Products








	Type of OTC Product

	Prescription Interactions










	Acid (reduces H2 agonists)

	This may interact with theophylline, warfarin, or phenytoin.






	Antacids

	If antacid contains aluminum, calcium, or magnesium, it has high potential for drug interaction.






	Antiemetics

	Do not use with sedatives or tranquilizers. May also be a problem in patients with asthma, glaucoma, or enlarged prostate gland.






	Antihistamines

	These may interact with antidepressants, alcoholic beverages, sedatives, or tranquilizers.






	Cough products

	If product contains dextromethorphan, it must not be taken with an MAOI.






	Nasal decongestants

	Do not use with MAOIs, sedatives, tranquilizers, or products with diphenhydramine. If patient is taking antihypertensives or antidepressants, he should not take a nasal decongestant without provider consultation.






	Menstrual products

	For products that contain caffeine, limit the use of foods or beverages that contain caffeine. If product contains ammonium chloride, do not use in patients with kidney or liver disease.






	Nicotine replacement products

	These may interact with antidepressants or asthma medications, requiring dosage adjustments.






	Pain relievers

	If product contains aspirin or salicylate, do not use with anticoagulants. Use care if patient has diabetes, gout, or arthritis. Limit alcohol to fewer than three drinks per day.






	Sleep aids

	Avoid sedatives, tranquilizers, and MAOIs. Avoid alcoholic beverages.






	Weight control aids

	Do not use with cough/cold or allergy medication that contains any form of phenylpropanolamine. This ingredient also should not be used in patients under treatment for high blood pressure, eating disorders, depression, heart disease, diabetes, or thyroid disease.









Modified from National Consumers League: Food drug interactions, developed jointly by the American Pharmaceutical Association, U.S. Food and Drug Administration, Food Marketing Institute, and National Consumers League. www.nclnet.org/health/146-food-drug-interactions/442-avoid-food-drug-interactions. Accessed August 15, 2012.

















Herbal Product Interactions With Prescription Drugs


Estimates of concurrent use of complementary and alternative medicine (CAM) products with allopathic medicine may vary from 39% to as high as 46% of patients, depending on the population (Patel et al, 2012). The significance of herb–drug interactions varies, but it is essential to recognize that any interaction has the potential to cause harm. Some prescription drugs that are of the greatest concern, such as anticoagulants or antiplatelet medications, are those that have a narrow therapeutic window. Top-selling herbal drugs such as ginkgo, ginseng, and garlic are known to interact with anticoagulants or antiplatelet drugs. Chamomile, Dong quai, Dan shen, and ginger also may adversely interact with these drugs. It is of particular concern that most patients who are taking both prescription and CAM products do not report this to their health care providers (Patel et al, 2012). The NIH National Center for Complementary and Alternative Medicine (http://nccam.nih.gov) has a listing of herbal products and their potential interactions with common medications that may be consulted when providers do learn that patients are using herbal products.














Precipitation of Genetic Disorders


Each person has a specific genetic composition that may be activated in the P450 enzyme system during metabolism. However, other underlying genetic disorders may be precipitated by medications. Specific metabolic defects in genetic disorders have been discovered, and the increased availability of laboratory studies necessary to make a specific diagnosis has made it possible for providers to be more specific in diagnosis. More widespread exposure of populations to drugs has revealed hitherto unsuspected errors of metabolism. New knowledge has indicated how patients with certain genetic disorders may be treated by drugs and has also expanded the list of medications that might precipitate problems. See Table 3-6 for a list of medications implicated in precipitating or exacerbating genetic disorders (McKenry et al, 2005). Research has also clarified that individual variation in how individuals handle some medications (requiring larger or smaller doses) is probably related to the P450 enzyme system and not to other hidden genetic defects.






Table 3-6


Medications Implicated in the Precipitation of Genetic Disorders








	Medication or Drug

	Genetic Disorder Stimulated










	Anesthetic agents

	Sickle cell anemia (hemoglobin S)






	atropine, homatropine, ephedrine, other mydriatics or anticholinergics

	Angle-closure glaucoma






	Barbiturates, aminopyrine, sulfonamides, griseofulvin, hexachlorobenzene, meprobamate, chlordiazepoxide

	Acute intermittent porphyria






	Corticosteroids

	Primary open-angle glaucoma






	Levodopa

	Huntington’s chorea






	Oral contraceptives

	Dubin-Johnson syndrome






	primaquine, other oxidant drugs

	Glucose-6-phosphate dehydrogenase (G6PD) deficiency






	Salicylates, menthol, corticosteroids

	Crigler-Najjar syndrome






	Sulfonamides, nitrites, acetanilides

	Erythrocyte diaphorase deficiency






	Sulfonamides, sulfones

	Hemoglobin H, hemoglobin Zurich









Information from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby; Brunton L, Chabner B, Knollman B, et al: Basic and clinical pharmacology, ed 12, New York, 2011, McGraw Hill; National Consumers’ League: Food drug interactions, Washington, DC, 1999, National Consumers League.





Of particular importance is recent research that highlights the role of medications in the presentation of Long QT Syndrome. Long QT syndrome (LQT) is characterized by prolongation of the electrocardiogram QT interval that clinically presents as torsades de pointes and sudden cardiac death. The LQT is a disorder of cardiac repolarization caused by alterations in the transmembrane potassium and sodium currents. The literature suggests that there are both genetic and acquired forms of LQT. Congenital LQT is a disease of transmembrane ion-channel proteins (or a channelopathy). Ten genetic loci of the disease have been confirmed. (Newton-Cheh, 2009; Pfeufer, Sanna, & Arking, 2009). The acquired causes of LQT include drugs, autonomic neuropathy, electrolyte imbalance, protein sparing fasting, marked bradycardia, cocaine, organophosphorus compounds, subarachnoid hemorrhage, myocardial ischemia, and human immunodeficiency virus disease. The QT-interval prolongation that may result from the use of drugs is a patient-specific phenomenon. This indicates that the patients who have a drug-induced long QT interval may be genetically predisposed because of the presence of an underlying mild or attenuated form of congenital LQT. Thus, perhaps there is no such thing as true acquired LQT (Schwartz, Crootti, & Insolia, 2012).


When LQTS is identified, immediate withdrawal of the offending agent is crucial to prevent recurrence of the torsades. Drugs are the most common offending agents. The major cardiac drugs that have been reported to prolong the QT interval are bepridil; phenylamine; class IA antiarrhythmic agents, including quinidine, procainamide, and disopyramide; and class III antiarrhythmic agents, including sotalol, ibutilide, azimilide, dofetilide, and (rare) amiodarone. Some of the noncardiac drugs that have been reported to prolong QT interval include cisapride, probucol, ketanserin, papaverine, tacrolimus, arsenic trioxide, phenothiazines, haloperidol, tricyclic antidepressants, antimicrobial agents (erythromycin, grepafloxacin, moxifloxacin, pentamidine, amantidine, chloroquine, and trimethoprim-sulphamethoxazole), antifungal agents (ketoconazole and itraconazole), and antihistamines (terfenadine and astemizole). This long list of potential LQT syndrome precipitators emphasizes that the potential for LQT should be considered carefully when ordering many medications. A full list of cardiac and noncardiac drugs that have been reported to prolong the QT interval is available. (See www.qtdrugs.org.) This list is constantly updated with adequate source documentation.


Because of the genetic tendency for LQT, drug-induced LQT may raise a possibility of the presence of an LQT genetic trait in the family and thus require the clinician to have extra caution in using the QT-prolonging drugs in the other family members. Certain acquired factors, including left ventricular hypertrophy, myocardial ischemia, and myocardial fibrosis, have been reported to facilitate the drug-induced prolongation of the QT interval. Therefore, the QT-prolonging drugs should be used with caution in patients with these conditions (Khan, 2002).

















Drug Effects on Laboratory Tests and Blood Substances


Although medications exert a therapeutic effect, they also may have unintended consequences on other natural substances in the blood or may alter various laboratory tests. Clinicians should be aware of these changes as they interpret laboratory values and attempt to monitor drug action. Tables 3-7 and 3-8 describe some of these common chemical interactions. Medications also may dramatically change the color of urine or feces. These changes are so startling that the patient should be warned to expect them. In most cases, the color changes are otherwise insignificant (McKenry et al, 2005).




TABLE 3-7


Selected Drug Interference with Laboratory Tests










	Drug

	Test

	Method

	Possible Result










	acetaminophen

	Blood glucose

	Glucose oxidase/peroxidase

	False decrease






	 

	Pancreatic function testing

	Bentiromide

	False increase






	 

	Serum uric acid

	Phosphotungstate uric acid test

	False increase






	Anticonvulsants

	Thyroid tests

	Protein-bound iodine (PBI)

	False decrease






	Antihistamines

	Skin testing

	Allergen extracts

	False negatives






	Antimuscarinic, atropine

	Urine test

	Phenolsulfonphthalein (PSP) excretion test

	False decrease






	Ascorbic acid (megadoses)

	Occult blood in stool

	 

	False negative






	 

	Liver test, LDH and serum

	Autoanalyzer

	Interference






	 

	Urine glucose

	Glucose oxidase test

	False decrease






	Cephalosporins

	Blood glucose

	Ferricyanide test

	False negative with cefuroxime






	 

	Antiglobulin test

	Coombs’ test, direct

	False positive in neonates when mother received before delivery






	 

	Urine glucose

	Copper sulfate test (Benedict’s or Fehling’s)

	False positive or negative






	 

	Bleeding time (coagulation)

	Prothrombin time (PT)

	Increase or prolonged time






	Coffee, tea, cola drinks, chocolate, acetaminophen

	Theophylline test for patients taking aminophylline, oxtriphylline, theophylline

	Spectrophotometric

	False increase






	NSAIDs

	Urinary bile

	Diazo tablets

	False positive with mefenamic acid capsules (Ponstel)






	 

	Urinary 5-hydroxyindoleacetic acid (5-HIAA) and urinary steroid determinations

	Various assays

	False increase
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Modified from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby.







TABLE 3-8


Selected Drug Effects on Specific Blood Substances








	Drug

	Effect on Blood Chemicals










	All drugs

	Possible increase in SGOT, SGPT






	aminoglycoside

	Possible increase in SGOT/SGPT, BUN, bilirubin; possible decrease in K, Na






	Anticonvulsants

	Possible increase in glucose






	Antidepressants

	Possible increase or decrease in glucose






	β-Blockers

	Possible increase in K, SGOT/SGPT, uric acid, BUN






	carbamazepine

	Possible increase in SGOT/SGPT, BUN, bilirubin






	carbidopa/levodopa

	Possible increase in SGOT/SGPT, BUN, bilirubin






	Cephalosporins

	Possible increase in PT, increase in SGOT/SGPT






	cinoxacin

	Possible increase in SGOT/SGPT, BUN






	cisplatin

	Possible increase in uric acid, BUN; possible decrease in K






	diflunisal

	Possible decrease in uric acid






	Diuretics (loop)

	Possible increase in glucose, uric acid, BUN; possible decrease in K, Na






	Diuretics (thiazide)

	Possible increase in glucose, uric acid, bilirubin; possible decrease in K, Na






	Diuretics (potassium sparing)

	Possible increase in glucose, K, uric acid, BUN; possible decrease in Na






	mefenamic acid

	Possible increase in PT






	methyldopa

	Possible increase in K, Na, SGOT/SGPT, uric acid, BUN, bilirubin






	norfloxacin

	Possible increase in SGOT/SGPT, BUN






	NSAIDs

	Possible decrease in glucose






	propoxyphene

	Possible increase in SGOT/SGPT






	penicillin G-K

	Possible increase in K






	Injectable

	Almost all increase SGOT/SGPT.






	azlocillin

	Possible increase in Na, bilirubin; possible decrease in uric acid






	carbenicillin

	Possible increase in Na






	mezlocillin

	Possible increase in Na, bilirubin






	piperacillin

	Possible increase in Na, bilirubin






	ticarcillin

	Possible increase in Na, bilirubin; possible decrease in uric acid






	prazosin

	Possible increase in Na






	rifampin

	Possible increase in SGOT/SGPT, uric acid, BUN, bilirubin






	trimethoprim

	Possible increase in SGOT/SGPT, BUN, bilirubin






	tetracycline

	Possible increase in BUN (except for doxycycline, minocycline), bilirubin






	valproic acid

	Possible increase in SGOT/SGPT, bilirubin









Modified from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby.

















Chronotherapy


Research has demonstrated the increased efficacy of certain treatment regimens when correlated with the circadian rhythm. The circadian clock controls rhythms in endocrine gland secretion, metabolic processes, and behavioral activity. Cyclic variations caused by these processes often are demonstrated by normal temperature changes throughout the day. Certain diseases, such as asthma, angina, diabetes mellitus, and hypertension, fluctuate according to the circadian cycle. Chronotherapy attempts to correlate the peak of drug activity with when it is needed by the body. Some drugs, such as Coumadin, growth hormone, antibiotics, theophylline, antianginals, vasoactive drugs, immunologic drugs, antihistamines, hypnotics, and analeptic drugs, are particularly affected by circadian rhythm. Clinicians are just beginning to understand that when a drug is administered makes a great deal of difference in its action. For example, secretion of catecholamines increases early in the morning as the patient awakens. Catecholamines cause an increase in heart rate, contractile force, cardiac output, and systolic blood pressure, and this places stress on the heart ( DiPiro et al, 2011). It is important that any antihypertensive medication is given at a therapeutic level during this time. If a nitroglycerin patch is removed at bedtime, it leaves the patient with low drug levels in the morning, at a time when the heart is at increased risk for an anginal episode.




















Toxicities and Overdosage


Although changes in patient health, compliance factors, and overaggressive therapy may occasionally lead to overdosage, the most frequent cause of drug toxicity is accidental overdosage. Patients who repeat doses because they cannot remember whether they took their medications, because of confusion over proper dosages, or because of failure to make needed modifications may experience drug toxicity, particularly with those medications with narrow therapeutic margins. Patients at either end of the age spectrum are particularly susceptible to a high accumulation of medications because of their relative distribution of muscle, bone, and adipose tissue (McKenry et al, 2005). With OTC products such as ibuprofen and acetaminophen, the dosage for small infants, children, and adults varies dramatically. The suggested amount may not always seem logical; however, the wrong drug dosage may prove lethal. Additionally, even well-maintained patients may become intolerant of their medications if they become dehydrated.


Some of the earliest signs of toxicity may be subtle. For example, the first signs of digoxin toxicity may include feelings of fatigue and heaviness of the legs. Malaise, slight confusion, lack of appetite, inability to concentrate, mild weakness, and changes in sleeping patterns are all easy to overlook unless the clinician has some index of suspicion that toxicity may be a factor.


Unfortunately, a relatively high number of cases of overdosage or poisoning occur when children inadvertently take medication while unsupervised. Little children may open pill containers left at bedsides or in bathroom cupboards and may confuse the pills with candy. Even vitamins and iron may prove lethal to small children. Despite a national campaign to child-proof homes, the number of children who die each year as a result of drug overdosage is far too high.


It also cannot be ignored that some patients, for a variety of reasons, deliberately overdose on medications. Some of these episodes are true suicide attempts; others represent actions that occur because of alcoholic confusion or attempts to gain chemical “highs” that go wrong.


The medication overdose treatment advice in the Physicians’ Desk Reference (a source frequently consulted for overdosage information) is not accurate and should not be used. Therefore, an immediate call to the pharmacist at the local or regional poison control center (Box 3-3) will yield superior information for clinicians who seek to respond to possible or confirmed cases of drug overdosage. Other information may be obtained by consulting the pharmaceutical manufacturer of the drug.





BOX 3-3   Poison Control Centers


American Association of Poison Control Centers Certified Regional Poison Centers provides a list of centers with routine and emergency telephone numbers. Changes are made frequently to these listings. Contact the American Association of Poison Control Centers at 202-362-7217 for updated information.

















Risk-Benefit Ratio


Every type of drug therapy carries a risk that may be worth taking if the benefits exceed the predictable morbidity and mortality rates of the therapy itself. This is fairly simple to determine for short-term therapy in which results are quickly seen, or the therapy can be terminated if toxicity becomes evident. Risks and benefits are more complicated to calculate for long-term therapy because the results may not be seen until after months or years of treatment. With long-term care, it is more difficult for the clinician to determine whether therapies should be terminated if some toxicities develop because the amount of good that is sacrificed is not always clear, especially to the patient. For example, methotrexate is an agent that is highly toxic to the bone marrow and the liver, but it offers substantial hope in preventing joint destruction in patients with rheumatoid arthritis. When methotrexate is properly administered and closely monitored, the risk is slight compared with the potential for joint preservation (DiPiro et al, 2011). However, vitamin D therapy for rheumatoid arthritis is not recommended because the morbidity is far greater than any modest expected benefit.


Unsuccessful and even dangerous therapies were given for decades before the medical profession realized that they did more harm than good. Increasingly, information summarized from research studies on the practice of evidence-based medicine will help to define benefit and risk more clearly in the future. Large-scale randomized controlled trials of drugs will continue to provide data about whether drugs should be used and what degree of risk the patient may be facing with their prescription.


The risk-benefit ratio expresses the amount of “acceptable” risk of adverse reaction or treatment failure that a patient may face in taking a drug versus the calculation of its potential benefit. It is generally estimated for each drug. The patient and the provider together must determine the degree of risk that will be tolerated. This will probably depend on the severity of the disease for which the patient is being treated.















Design and Optimization of Dosage Regimens



Calculating the Therapeutic Index





The decision to use pharmacologic therapy requires the clinician to determine what degree of drug effect is desirable and achievable. If some effect of the drug can be measured easily (e.g., blood pressure for an antihypertensive medication), this can guide dosage. The medication can be adjusted up or down to achieve the optimal dosage in both a practical and sensible manner. However, often it is not possible to measure drug effect so simply. The clinician will have to establish some decision rules about how often to change dosage and by how much. Alternatively, some drugs have very little dose-related toxicity, and maximum efficacy is usually desired. For these drugs, doses well in excess of the average required will both ensure efficacy and prolong drug action.


The therapeutic index, a measure of drug safety, is calculated by dividing the toxic (or lethal) dose by the therapeutic (or effective) dose:


Therapeuticindex=LD50ED50




[image: image]





where LD50 is the toxic or lethal dose in 50% of the population, and ED50 is the effective or therapeutic dose in 50% of the population.


Response of the patient to the drug may be increased by factors that cause higher blood concentrations of a drug or by factors that make the patient more sensitive to a given blood concentration.


The therapeutic response is monitored by examining the index of therapeutic effect to determine whether the therapeutic goal has been attained (e.g., an infection has been suppressed). It should be discriminating and should be practical to measure. The index of toxic effect may also be measured. Again, the measurement should discriminate, it should be sensitive to detect toxicity promptly, and it should be practical to measure.


The concept of therapeutic window is not the same as therapeutic index. The therapeutic window describes the range between the lowest therapeutic concentration and the beginning of toxicity (Figure 3-11). Some drugs have a very narrow therapeutic window, making patient monitoring especially important.
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FIGURE 3-11 Therapeutic window. The therapeutic window compares the range of effective drug concentration versus the safety of the drug. Note that the drug in A has a much wider therapeutic window than the drug in B, even though both drugs have the same therapeutic index. ED, Effective dose; LD, lethal dose. (From Stringer JL: Basic concepts in pharmacology, ed 2, New York, 2000, McGraw-Hill.)








Several different strategies may be used to determine how much medication should be used. These include determining a target level, maintenance dosing, and loading dose; individualizing therapy; and performing therapeutic drug monitoring.








Target Level


In target level dosing, a desired or target steady-state concentration of the drug (usually in plasma) is identified, and a dosage is computed that is expected to achieve this value. Drug concentrations are subsequently measured, and dosage is adjusted if necessary to approximate the target more closely. This type of dosing is advisable when the effects of a drug are difficult to measure (or if the drug is given for prophylaxis). Target level dosing is also used when toxicity and lack of efficacy are potential problems, or when the therapeutic window is very narrow. All of these situations require careful titration of dosages (Brunton et al, 2010; DiPiro et al, 2011).


When target level dosing is used, the therapeutic objective must relate to an established blood serum therapeutic range, such as that seen with theophylline or digoxin levels. The lower limit of the therapeutic range appears to be approximately equal to the drug concentration that produces about half of the greatest possible therapeutic effect. The upper limit of the therapeutic range is fixed by toxicity, not by efficacy. Usually the upper limit of the therapeutic range is such that no more than 5% to 10% of patients will experience a toxic effect (DiPiro et al, 2011). These figures are highly variable; however, the target usually is chosen as the center of this therapeutic range.














Maintenance Dose


Most drugs are administered as a continuous infusion or as a series of doses designed to maintain steady-state concentration of the drug in plasma and to keep it within a given therapeutic range. To achieve the maintenance dose, the rate of drug administration is adjusted such that the rate of input equals the rate of loss. If the clinician knows the clearance and availability for that drug in a particular patient, the appropriate dose and dosing interval may be calculated to achieve the desired concentration of the drug in plasma (Brunton et al, 2010).














Loading Dose


If the target concentration of a dose must be met rapidly, a “loading dose”—a dose or a series of doses—is given at the onset of therapy. This may be desirable if the time required to attain steady state through administration of the drug at a constant rate (4 to 5 elimination half-lives) is long relative to demands of the condition for which the patient is being treated. This is commonly seen with antiarrhythmic drugs when the effect of the drug is required immediately. Because loading doses tend to be large and often are given parenterally and rapidly, they can be particularly dangerous if toxic effects occur as a result of actions of the drug. An overly sensitive individual may be exposed abruptly to a toxic concentration of a drug. If the drug involved has a long half-life, it may take a long time for the concentration to fall if the level achieved is excessive (Brunton et al, 2010).








Individualizing Dose


Information about the patient also helps in tailoring the dosage. Calculation of the glomerular filtration rate and creatinine clearance may be required to determine dosage in individuals with kidney disease. Adjustments in dosage to compensate for liver damage may be necessary. Comorbidity and the concurrent use of other medications, food, or alcohol may also require dosage modifications to achieve the desired level in the patient.


Countless patients have been found to try to save money by splitting tablets. The resulting tablets may vary greatly from the intended dose. This practice is so common that in 2011 the FDA asked drug makers of branded and generic products to score tablets that patients commonly divide so that there is more accurate dosage and that the dosage amount meant to be achieved after splitting the tablet would not be below the minimum therapeutic dose indicated on approved labeling. They also maintained that modified release tablets in which control of drug release can be compromised by splitting should not be scored.




















Therapeutic Drug Monitoring


Therapeutic drug monitoring involves measuring serum drug levels in patients receiving drugs with a narrow therapeutic window, to maximize efficacy and minimize toxicity (Brunton et al, 2010; Katzung et al, 2011). Some of the most commonly administered drugs that must be closely monitored through serum blood levels include theophylline, phenytoin, carbamazepine, digoxin, and aminoglycoside antibiotics.


In monitoring serum drug levels, it is important to consider the time of sampling of the drug concentration. If intermittent dosing is used, the concentration of drug measured in a sample taken at virtually any time during the dosing interval will provide information about drug toxicity and may be used to confirm other clinical findings that suggest toxicity (DiPiro et al, 2011; Katzung et al, 2011). However, serum drug levels used to measure drug concentration for the purposes of adjusting the dosage regimen must be taken at specified times to reflect accurate levels.


Drug levels vary dramatically throughout the dosing cycle because the blood level rises and falls throughout the day, as in a trough. If a blood sample is taken shortly after the drug is administered, the level may be uninformative or even misleading. Levels may be very high but not reflective of toxicity; conversely, levels may be low because distribution is delayed relative to changes in plasma concentration (Brunton et al, 2010; Katzung et al, 2011). When the goal of measurement is adjustment of dosage, the sample should be taken well after the previous dose is given. As a rule of thumb, one should test just before the next planned dose, when the concentration is at its minimum level. However, this does not provide relevant information about drugs that are nearly completely eliminated between doses. For individuals with renal failure, in whom concerns about drug accumulation are high, determination of both maximum and minimum concentrations is recommended.


Before taking a serum sample, it is also important to consider whether the patient has reached steady-state concentrations. Steady state usually is achieved after 4 to 5 half-lives have passed. If a sample is obtained too soon after dosage is started, it will not accurately reflect clearance. Yet, for toxic drugs, if one waits until the drug is at steady state, the level may already be within a toxic range. The protocol in Goodman & Gilman’s (Brunton et al, 2010, DiPiro et al, 2011) suggests that when it is important to maintain careful control of concentrations, one may take the first sample after 2 half-lives (as calculated and expected for the patient), assuming that no loading dose has been given. If the concentration already exceeds 90% of the eventual expected mean steady-state concentration, the dosage rate should be halved, another sample obtained in another 2 half-lives, and the dosage halved again if this sample exceeds the target. If the first concentration is not too high, one proceeds with the initial rate of dosage. Even if the concentration is lower than expected, one usually can wait until steady state is achieved in another 2 half-lives and then can proceed to adjust dosage. (Computer programs are available for the management of particularly difficult drug level calculations.) Table 3-9 shows the best time to draw blood levels for several different medications.




TABLE 3-9


Therapeutic Ranges of Serum Drug Concentrations for Selected Drugs










	Drug

	Serum Concentration (Therapeutic Level, mcg/ml Unless Otherwise Indicated)

	Time to Draw Blood Samples (Hours After Last Dose)










	ANTIBIOTICS






	amikacin (Amikin)

	15-25

	Obtain peak and trough levels: draw peak 15-30 min after intravenous (IV) dose or 1 hr after intramuscular (IM) dose; trough 5 min before next dose.






	gentamicin (Garamycin)

	4-10

	 






	netilmicin (Netromycin)

	6-10

	 






	tobramycin (Nebcin)

	4-10

	 






	ANTICONVULSANTS






	carbamazepine (Tegretol)

	4-12

	Steady state 1-2 weeks






	ethosuximide

	10-100

	Steady state 10-30 days






	phenobarbital

	10-40

	Steady state 1-2 weeks






	phenytoin (Dilantin)

	10-20

	Steady state 2-3 days






	primidone (Mysoline)

	5-12

	Steady state 1-2 days






	valproic acid (Depakene, Depakote)

	50-100

	Steady state 1-2 days; then draw sample before next dose






	ANTIDEPRESSANTS






	lithium

	0.6-1.4 mEq/L

	Steady state 3 weeks; draw before next dose






	CARDIOVASCULAR






	digoxin (Lanoxin)

	0.9-2 ng/nl

	Steady state 1 week; draw before next dose, at least 6 hr after last dose






	lidocaine (Xylocaine)

	1.5-5

	Steady state 6-12 hr; draw any time during infusion






	procainamide (Pronestyl)

	4-10

	Steady state 12-24 hr; draw before next dose






	quinidine (various)

	3-6

	Steady state 1.5 days; draw before next dose






	RESPIRATORY






	theophylline (various)

	10-20

	Steady state in 1-2 days in adults; up to 1 week in neonates; IV: draw any time; oral: draw before next dose
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Modifiedi from McKenry LM, Tessier E, Hogan MA: Mosby’s pharmacology in nursing, ed 22, St Louis, 2005, Mosby; DiPiro JT, Talbert RL, Yee G et al: Pharmacotherapy: a pathophysiologic approach, ed 8, Norwalk, CT, 2011, McGraw-Hill.





























Practical Application of Pharmacokinetics and Pharmacodynamics to Drug Prescribing


When the underlying scientific principles inherent in pharmacokinetics and pharmacodynamics are applied, some very practical suggestions can be made for rational drug therapy:




• Always try nonpharmacologic therapy first. Continue it even after a medication has been started.


• Use a drug only when clearly indicated for a specific purpose. It may be difficult for a provider to resist prescribing a medication for every symptom that annoys the patient, particularly when the patient is demanding resolution or relief. Well-directed advice and sound instructions often substitute for medication.


• Use only one drug whenever possible. Many patients with chronic disease who take numerous medications may need to have the drugs stopped and reevaluated. Elderly patients, in particular, may have been on drugs almost forever, and nobody has ever thought to stop them. They may have had an acute illness that required additional medications or higher dosages that are no longer required. Some patients become very attached to particular drugs and do not want to stop them.


• Use the lowest effective dose. If dosage is titrated up to a higher level and no additional benefit is seen, titrate it down to the previous dose. This saves money and decreases the risk of adverse effects. Drug reactions are often dose related and may be prompted by the philosophy that if a little bit is good, an added amount will do no harm and may ensure success.


• Start low and go slow. Usually, change dosage by no more than 50% and no more often than every 3 to 4 half-lives. This usually means no change for 1 to 2 weeks after a dose is started.


• Simplify the regimen whenever possible. Give the fewest doses and at the most convenient hours of the day to improve compliance.


• If possible, use the side effect profile of one drug to treat other symptoms. For example, if a patient has depression and insomnia, use trazodone or mirtazapine, which may be sedating, instead of sertraline (Zoloft) or fluoxetine (Prozac), which are most commonly associated with insomnia.


• Monitor closely for therapeutic effects. Although drug levels may be evaluated as appropriate, trust your observation of the patient’s clinical response more than the blood level. For example, the therapeutic level of phenytoin is usually between 10 and 20 mcg/ml. However, elderly patients often do best on a drug level of 8 mcg/ml. Drugs that are given over prolonged periods are more apt to produce adverse reactions; thus, the dosage must be carefully monitored and reduced at the first sign of difficulty.


• Keep good patient records. A history of allergy, recent hepatitis, renal insufficiency, smoking, alcoholism, or other comorbidity helps to alert the health care provider that the patient may be at greater risk for developing adverse reactions or drug–drug interactions.


• Be particularly careful with some drugs that are highly associated with adverse effects. Insulin, steroids, and many drugs used in chemotherapy and AIDS treatment are good examples. Prescription of these drugs mandates that the health care provider offer extensive education to the patient and the family if the drugs are to be used safely.


• Always keep drug interactions and adverse effects in mind when evaluating the patient. They are the rule rather than the exception. When using drugs with a great potential for adverse reactions, careful monitoring may prevent serious problems. Pancytopenia need not occur if leukopenia is detected early; deafness will not result if signs of eighth nerve impairment are promptly investigated. It is not just luck that allows the health care provider to help the patient avoid problems with drug therapy.


• Finally, stay up to date. Many journals hold articles for 6 to 12 months before publication; most textbooks are in production for longer than a year after they are submitted for publication. Thus, these sources of information may be outdated before they are even printed. New research findings should constantly be consulted and evaluated; valid findings should be incorporated into practice. In this age of electronic information dissemination, the standards of practice may be expected to shift to incorporate more new knowledge than was ever available before. Thus, it is imperative for clinicians to find ways to update their knowledge on a regular basis.





Many publishers of pharmaceutical information have realized that information about new products and new recommendations must reach health care providers in a timely manner. Publishers of several of the most comprehensive drug texts have developed methods for accomplishing this. Facts and Comparisons (J.B. Lippincott) allows readers to subscribe to a monthly update service for their text, as well as providing content on disk and CD-ROM. Clinical Pharmacology from Gold Standard and Elsevier is an electronic drug information reference for health care professionals that can be accessed online, on CD-ROM, or on PDA.


The Internet is becoming the biggest source of online information about drugs. Electronic databases linked to universities or pharmaceutical companies contain the latest information about drugs in terms of FDA approval and marketing. Table 3-10 lists some of the best and most user-friendly sites currently available to update drug information.




TABLE 3-10


Electronic Media Sources with Current Drug Information








	Title

	Address

	Description










	FDA Human Drugs Page

	www.fda.gov/cder

	Extensive library of information specific to drugs; regulatory guidance






	Food–Drug Interactions

	http://www.niaaa.nih.gov/Publications

	National Institute on Alcohol Abuse and Alcoholism: extensive discussion of interaction between food and different medications






	Rx List

	www.rxlist.com

	Top 100 drugs; detailed database on prescriptions






	Up-to-Date

	www.uptodate.com

	Comprehensive evidence-based clinical information resource; extensive drug database (LexiComp); available on the Web, desktop, and PDA; content strenuously reviewed, comprehensive, and concise
























Summary


Current drugs provide health care providers many options for medications they may use, alone or in combination. These drugs represent real opportunities to cure disease, resolve symptoms, and improve quality of life for patients. More information about how the agents work, ways to increase their effectiveness, and the risks inherent in their use is discovered every day. Used wisely and thoughtfully, medications are wonderful assets to the health care provider’s treatment armamentarium; used unwisely, they may cause even greater difficulties and distress for both the patient and the provider.
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Over the past century, the number of older adults has increased more than 10-fold and continues to increase. In the year 2000, approximately 35 million people were aged 65 or older (National Center for Health Statistics, 2007). Women who reach age 65 can expect to live an additional 19 years, and men at age 65 can expect to live an additional 16 years. Because the length of life has increased, older adults are living longer with chronic illnesses (Ray & Street, 2005). Specifically, nearly 60% of older African American adults have high blood pressure, and a growing share of elderly African Americans, Hispanics, and Native Americans have diabetes.


Older adults make up 14% of the population yet account for 30% of medication expenditures. Up to 82% are taking at least one drug (Frankfort et al, 2006). Among a national sample of 2950 older adults, 12% took 10 medications daily and 23% were taking 5 prescription medications (Frankfort et al, 2006). The most common drug classes used are cardiovascular, analgesic, and central nervous system drugs (Passarelli et al, 2005). In addition, these individuals may add supplements, vitamins, and various home remedies to the regimen. Research has suggested that it is the number of pills a patient takes every day rather than the number of medications taken that is correlated with adverse drug reactions (ADRs) (Cramer, 2002). Because of a variety of issues, including limited knowledge of the impact of specific drugs on older adults, multiple medication use, and normal age- and disease-associated changes, older adults are at increased risk of experiencing ADRs (Bourne, 2007). It is essential for the health care provider to consider these issues before prescribing medications for this population.


A 2011 Centers for Disease Control and Prevention (CDC) study in the New England Journal of Medicine indicated that warfarin, insulin, oral antiplatelet drugs, and oral hypoglycemic agents are responsible for more than two thirds of emergency hospital admissions among people aged 65 and older. The researchers indicated that better management of antithrombotic and antidiabetic agents can lead to better care for seniors (Budnitz et al, 2011).


Elderly patients are often affected by polypharmacy, both because they see multiple prescribers and because they self-treat with OTC medications. It is estimated that more than 40% of OTC drugs are purchased by people in this same age group. Despite the fact that older adults constitute a major group of drug users, most drug studies are performed on individuals 55 years of age or younger. It is essential for the health care provider to consider these issues before prescribing medications for this population.








Functional Assessment


Functional assessment is the core concept of geriatrics. When one is evaluating elderly patients, it is important to assess their ability to function in addition to what medical illnesses they may have. Classic assessment tools include Katz’s Activities of Daily Living (ADLs) to assess mobility and the Folstein Mini-Mental Status Examination (MMSE) to assess cognitive function. Once medications have been started, it is essential to evaluate for the efficacy of drugs and for ADRs. Evaluation also must include any changes in the functional status of the patient that may result from medications. Common expressions of functional decline include weight loss, decline in mobility, incontinence, and falls (Gallo et al, 2006).














Pharmacokinetic Changes That Affect Drug Therapy


Pharmacokinetics refers to the way drugs are absorbed, metabolized, distributed, and eliminated from the body. Although these processes are variable from patient to patient, the aging patient undergoes changes in some of these areas that may significantly affect the way a drug is handled by the body. Consideration of each of these processes when one prescribes drug therapy in the elderly can prevent inappropriate dosing and can prevent ADRs and their complications for patient care. Changes in the ways in which the body handles medications are behind the dosing advice to “Start low and go slow!” in the elderly.








Absorption


The overall significance of changes in the absorption of drugs with aging is not completely clear. There appears to be little, if any, significance in the amount of drug absorbed when drugs are passively absorbed. However, some reduced absorption has been noted in older adults for some compounds that are actively absorbed, such as galactose, calcium, thiamine, and iron (Bourne, 2007). Physiologic changes that affect the GI tract include a reduction in acid output and the subsequent alkaline environment. These changes affect drugs such as B12 that require an acid medium for absorption, although this has not been well documented. Reductions in blood flow, enzyme activity, gastric emptying, and bowel motility may support the delay in absorption of some drugs, although such reductions probably have minimum, if any, effect on the extent of absorption.


Further support for the insignificance of these physiologic changes is based on the fact that most drugs are absorbed via passive diffusion. Because the GI tract has such a large surface area, the extent of absorption of most drugs is not affected. Nonionized forms of a drug (i.e., those that are more lipid soluble) are more readily absorbed than ionized forms. If a drug such as an antacid is administered, the GI pH will be raised and the absorption of acidic drugs may be delayed or decreased. Compounds such as iron or calcium and certain vitamins that depend on active transport mechanisms and thus the delivery of oxygen for absorption may be affected by decreased blood flow in the aging patient’s GI tract (Brunton, Chabner, & Knollman, 2010).


A change in the rate of absorption may also occur as the result of alterations in motility and in the rate of gastric emptying. Some of these may be caused by disease processes (e.g., congestive heart failure [CHF], GI tract disease), but more often these problems are produced by the actions of medications themselves. Cathartics can increase GI motility and thereby increase the rate at which another drug passes through the GI tract. This can be a problem for enteric-coated products. Similarly, anticholinergics decrease motility and metoclopramide stimulates motility, thereby altering the rate of drug absorption with some medications (e.g., ethanol, levodopa, tetracycline, and acetaminophen). Food can delay or reduce the absorption of certain drugs, particularly antibiotics.














Distribution


The distribution of drugs in the body, which is dependent on the chemical composition of the agent involved, may be affected by the aging process. As individuals age, the decline in total body water and lean body mass may affect drugs that are distributed into these areas (Box 4-1). Changes in total body water and lean body mass may result in limited distribution of drugs into these areas. Unadjusted dosing can result in increased serum concentrations, leading to an enhanced effect or toxicity.





BOX 4-1   Examples of Drugs That Distribute into Body Water or Lean Body Mass


digoxin


lithium


meperidine


theophylline


cimetidine


gentamicin


phenytoin


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Specifically, as we age, decreased lean body mass usually is coupled with an increase in total body fat. Changes in body fat are reported as increasing from 18% to 36% in males and from 33% to 48% in females from the ages of 15 to 60 years. The increase in body fat can result in an increase in the volume of distribution of lipid-soluble drugs, leading to drug accumulation and the potential for toxicity. For example, certain drugs such as diazepam and chlordiazepoxide have a higher volume of distribution than do other anxiolytics, such as lorazepam and oxazepam, because of the lipid solubility of the former two drugs. Box 4-2 lists additional examples of lipid-soluble drugs that may require downward adjustments in dose and slowly titrated increases if used in the elderly. The risk of accumulation and toxicity is a real concern with high doses of these agents in the elderly (Bigos et al, 2006; Brunton et al, 2010).





BOX 4-2   Examples of Lipid-Soluble Drugs


diazepam


chlordiazepoxide


flurazepam


thiopental


Antipsychotics


Antidepressants


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Another common age change that affects the distribution of drugs in older adults is a decrease in serum albumin. Albumin concentrations decrease slightly with age in most elderly patients, although significant changes that may affect drug therapy may be seen in the chronically ill or in malnourished elderly patients (Bourne, 2007). Albumin is the most common protein that binds to various acidic drugs. Significant decreases in albumin may result in a greater free concentration of highly protein-bound drugs. Box 4-3 lists some drugs that have significant protein binding, which may result in increased free concentrations when albumin is significantly reduced. Generally, drugs that are highly protein bound to albumin should be prescribed in reduced doses for patients with low serum albumin values (Bourne, 2007). A practical example of the clinical significance of this relationship can be described with the anticonvulsant phenytoin. In an elderly patient with a low serum albumin concentration (normal, 3.5 to 5 mg/dl), the phenytoin level reported from the laboratory will reflect both the bound and free concentrations and, in a hypoalbuminemic individual, may appear normal or even subtherapeutic. This occurs because of the greater free amounts of phenytoin that are getting into tissue and acting at the receptor level but are not portrayed in the total serum level. The actual level may be much higher or even in the toxic range. Treatment decisions for older adults should not be based solely on drug levels but must be reached after consideration of both patient characteristics and anticipated drug levels.





BOX 4-3   Sample Drugs with High Binding Affinity to Albumin


phenytoin


warfarin


naproxen


theophylline


phenobarbital


Antidepressants


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Other protein changes may also have an influence on drug therapy. Patients with acute disease, such as a myocardial infarction, respiratory distress, or infection, for example, may experience increases in α-1-glycoprotein, an acute phase reactant protein. This may result in the increased binding of weakly basic drugs, including propranolol or lidocaine, and a less-than-normal response to therapy. Data on the real significance of changes in α1-glycoprotein and drug therapy in the elderly are lacking (Bigos et al, 2006; Brunton et al, 2010).














Biotransformation (Metabolism)


Numerous age-related changes in hepatic structure and function have been described, although liver function seems to be well maintained in old age. Few consistent and reproducible observations and a lack of correlation between structural and functional data characterize the present state of our knowledge. In contrast to renal clearance, no equally reliable method of estimating hepatic drug clearance has been developed. The contribution of age to altered drug clearance in the elderly is difficult to assess because drug interactions, numbers and types of drugs taken at a time, underlying disease, and increased interindividual variability are superimposed on the aging process. A decline in liver volume and blood flow and a reduction in in vitro and in vivo metabolic capacity have been shown in older subjects; these events explain the physiologic basis for reduced hepatic drug clearance in this age group.


The significance of hepatic blood flow changes may be seen with drugs that have a high first-pass metabolism or a high extraction ratio in the liver. These drugs are considered to have flow-limiting metabolism. When flow is reduced, as may occur with aging, less drug is metabolized and increased amounts may be present in active form in the blood. When drugs with first-pass metabolism are prescribed for the elderly, lower doses may be necessary. Examples of drugs that have high extraction ratios are listed in Box 4-4 (Bigos et al, 2006; Brunton et al, 2010).





BOX 4-4   Sample Drugs with High Liver Extraction Ratios or First-Pass Effect


lidocaine


meperidine


morphine


propranolol


metoprolol


verapamil


estrogens


nitrates


barbiturates (e.g., phenobarbital)


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Other hepatic changes that occur with age that may affect the metabolism of drugs include changes in specific pathways or types of metabolism. The purpose of drug metabolism is generally to make drugs more water soluble for elimination. Phase I metabolism can be described as involving preparatory processes whereby minor molecular modifications are made to drugs. Phase I includes oxidation reduction, demethylation, and hydroxylation. Phase I metabolism is more likely to decrease with age than is phase II metabolism. Drugs that are metabolized by phase I metabolic pathways, including cytochrome P450 (CYP450) enzyme systems, may accumulate in the older adult. Such drugs should be used cautiously and at lower doses in the elderly. Examples of drugs that undergo phase I metabolism include lidocaine, phenytoin, propranolol, and theophylline. If possible, the use of alternative agents within a class of drugs that are metabolized differently (e.g., phase II) should be considered. If these drugs are prescribed in the elderly, lower doses should be used, and patients should be monitored for adverse effects. Examples of drugs whose clearance depends on phase I metabolism are listed in Box 4-5. Drugs that are metabolized by phase II metabolic processes, including conjugation, acetylation, sulfonation, and glucuronidation, show no reported change in clearance with aging (Brunton et al, 2010).





BOX 4-5   Sample Drugs That Undergo Phase I Metabolism


diazepam


flurazepam


chlordiazepoxide


piroxicam


quinidine


barbiturates


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Drugs that are metabolized by the liver may undergo reduced metabolism with aging because of changes within the liver itself or changes caused by other disease states. Aging influences associated with declining liver mass, as well as decreased hepatic blood flow, altered nutritional status, other physiologic changes, and diseases such as CHF, may result in the loss of hepatic reserve. Consequently, patients are at increased risk of adverse effects because of competition for the same metabolic enzymes when drugs are added to the existing regimen (Bigos et al, 2006; Brunton et al, 2010). Drug substances that are metabolized and excreted by the liver should be used at a starting dose that is 30% to 40% less than the average dose used in middle-aged adults (Wynne, 2005).














Elimination


Longitudinal studies reflect a great degree of variability in renal function changes with aging. Age-related changes in renal function are the single most important physiologic causative factor in ADRs. Biologic changes that occur in the aging kidney include decreases in the number of nephrons; decreases in renal blood flow, glomerular filtration rate, and tubular secretion rate; and increases in the number of sclerosed glomeruli. In addition, atherosclerotic changes and declining cardiac output decrease renal perfusion by 40% to 50% between the ages of 25 and 65 years. The end result of these changes is noted in creatinine clearance, which is reported to decrease by 10% for each decade after age 40 (Bigos et al, 2006).


In addition to the normal reduction in renal function that may occur with aging, chronic diseases including CHF, liver disease, and acute urinary retention from benign prostatic hyperplasia—conditions that lead to dehydration—can also affect renal function and further complicate the required dosing. Creatinine is a muscle byproduct that is almost exclusively removed by the kidney, making it an excellent marker by which to measure renal clearance. Daily creatinine is related to age and serum creatinine concentrations. A drug’s clearance is the amount of blood from which a drug is cleared per unit time. Although creatinine clearance is used to measure renal function, it is important to note that this is only an estimated value. Numerous formulas are available that can be used to calculate the creatinine clearance values, many of which may overestimate or underestimate the patient’s true creatinine clearance. Creatinine clearance is measured by collecting urine for 24 hours. This, unfortunately, may not be practical in many institutions; therefore, we calculate estimated creatinine clearance. In older adults, creatinine clearance calculations may be especially inaccurate because these individuals have very little muscle mass and produce very little creatinine. A patient’s serum creatinine may be reported as low—for example, 0.5 mg/dl (normal, 0.6 to 1.2 mg/dl)—thus reflecting good excretion of creatinine. This information can be highly deceptive and often leads to overestimation of renal function when used with various available formulas. When renally excreted drugs are prescribed for the elderly, calculated creatinine clearance should be used to estimate renal function. Lower drug doses or longer intervals between dosing should be used when renal impairment is evident. Table 4-1 lists drugs that depend on the kidneys for elimination and that therefore may require dose adjustments in the elderly (Brunton et al, 2010).




TABLE 4-1


Sample Drugs That May Require Dose Adjustment in the Elderly Because of Renal Impairment








	Drug Class

	Drug Names










	Antibiotics

	Aminoglycosides, e.g., gentamicin, tobramycin, amikacin






	 

	sulfamethoxazole, trimethoprim






	 

	β-Lactams: cephalosporins (most), imipenem, ticarcillin






	 

	tetracycline






	 

	vancomycin






	 

	aztreonam






	 

	ciprofloxacin, norfloxacin






	 

	nitrofurantoin






	Antivirals

	amantadine, rimantadine






	Antineoplastics

	methotrexate, bleomycin, nitrosourea, cisplatin






	Antifungals

	amphotericin B, fluconazole






	 

	acyclovir, famciclovir






	Analgesics

	Opiate analgesics, e.g., meperidine, morphine






	Cardiac medications

	β-Blockers, e.g., atenolol, nadolol






	 

	digoxin






	 

	procainamide, bretylium






	 

	Angiotensin-converting enzyme inhibitors, e.g., captopril, lisinopril, and others






	 

	Other antihypertensives, e.g., clonidine






	 

	Diuretics, e.g., thiazides, furosemide, spironolactone






	Ulcer medications

	Histamine2 blockers: cimetidine, ranitidine, famotidine






	Psychoactive medications

	lithium, atypical antipsychotics, antipsychotics






	Other agents

	allopurinol, acetazolamide, chlorpropamide, gold sodium thiomalate, metoclopramide









Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





A formula that is commonly used to calculate estimated creatinine clearance is the Cockcroft-Gault equation. Unfortunately, the Cockcroft-Gault equation is noted to overestimate the glomerular filtration rate. A simple modification of the Cockcroft-Gault equation has been recommended (DiPiro et al, 2011). This replaces the serum creatinine value with 1 mg/dl if the value is less than 1 mg/dl.


Men:Creatinine clearance=Weight(kg∗)×(140−Age in year)72×Serum creatinine(mg/dl)




[image: image]





Women:Creatinineclearance=Weight(kg∗)×(140−Ageinyear)72×Serum creatinine(mg/dl)(×0.85)†




[image: image]





∗Lean body weight; may reflect creatinine production more accurately.


†In women, multiply the value × 0.85.


Creatinine clearance can also be estimated with the use of a variety of computer programs (Quartarolo et al, 2007). Other kidney changes that occur with aging include a decrease in renal concentrating ability and renal sodium conservation, which may be a factor in patients who are taking high-dose diuretics.


In summary, it is recommended that when drugs are prescribed for older adults, a lower dose than is normally indicated should be the starting dosage, and the dosage should be titrated up slowly (Bourne, 2007; Brunton et al, 2010).




















Pharmacodynamic Changes in the Elderly That May Affect Drug Therapy


Pharmacodynamic changes are defined loosely as changes in concentration-response relationships or receptor sensitivity. Pharmacodynamic changes in the elderly may be due to changes in receptor affinity or number or to changes in hormonal levels. The impact of drugs that affect the central nervous system (e.g., benzodiazepines, anesthetics, metoclopramide, narcotics) and the cardiovascular system (e.g., β-blockers, calcium channel blockers, diuretics) is frequently altered in older adults. The physiologic changes associated with aging and the altered homeostatic mechanisms in the elderly may cause an increased sensitivity to specific drugs. Table 4-2 lists common age-associated changes and the medications that are affected by them. This increase in sensitivity may be the result of changes that occur in the drug receptors as the result of aging, or it may be caused by reduced reserve capacity in the aged patient. Results of these receptor changes include greater sensitivity to or intensity of drug action and a greater duration of drug action (Bourne, 2007).




TABLE 4-2


Age-Related Changes That Influence Drug Response








	Age-Related Changes

	Drugs Affected by Changes or That Exacerbate Changes










	Orthostatic hypotension

	Phenothiazines, tricyclic antidepressants






	Bowel and bladder problems:
Urinary retention, constipation, prostatic hypertrophy

	Anticholinergics






	Impaired thermoregulation

	Phenothiazines, alcohol, aspirin






	Reduced cognitive function

	Any psychoactive medication






	Postural stability impaired

	Alcohol, diuretics, anticholinergics, antihypertensives






	Glucose intolerance

	Glucocorticoids, insulin












The body system most significantly affected by increased receptor sensitivity is the central nervous system, wherein increased sensitivity to numerous drugs is evident (Bigos et al, 2006). Factors that may contribute to this greater sensitivity include a decrease in the number of neurons, a decrease in cerebral blood flow, and an increase in permeability of the blood-brain barrier. In the central nervous system, inhibitory and excitatory pathways are delicately balanced to modulate cognition. With aging, a selective decline occurs in some pathways, while others are preserved (Bigos et al, 2006).


Drugs with anticholinergic side effect profiles are often used in the elderly (Table 4-3), and these drugs are commonly associated with central and peripheral adverse effects. Commonly reported adverse side effects include sedation, confusion, orthostatic hypotension, constipation, dry mouth, urinary retention, tachycardia, and blurred vision (Bourne, 2007; Handler et al, 2006). The increased incidence of these events with aging may be the result of a decrease in the neurotransmitter acetylcholine, which is associated with the aging process (Hartikainen et al, 2007). This greater sensitivity to anticholinergic side effects includes a greater risk of dizziness and subsequent falls and fractures, along with loss of cognitive performance (Bourne, 2007; Duthie et al, 2007; Katzung, Masters, & Trevor, 2009). Drugs with anticholinergic effects should be avoided if at all possible in the elderly. If these are used, one should consider using doses that correspond to roughly half the normal dose (Bourne, 2007; Handler et al, 2006).




TABLE 4-3


Categories of Anticholinergic Drugs That Can Cause Adverse Effects in Elderly Patients








	Drug Class

	Drug Names










	Antispasmodics

	belladonna, dicyclomine, propantheline






	Antiparkinsonian agents

	benztropine, trihexyphenidyl






	Antihistamines

	diphenhydramine, chlorpheniramine, hydroxyzine






	Antidepressants

	amitriptyline, imipramine






	Antiarrhythmics

	quinidine, disopyramide






	Neuroleptics

	thioridazine, chlorpromazine






	Over-the-counter agents

	Cold remedy products, antidiarrheals, doxylamine









Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Benzodiazepines such as diazepam, alprazolam (Xanax), flurazepam, and lorazepam, among others, have an increased pharmacodynamic effect in elderly patients. Benzodiazepine-induced psychomotor impairment may include ataxia, delayed reaction time, increased body sway, and decreased proprioception (Bourne, 2007; Katzung et al, 2009).


Changes in responsiveness to other parts of the central nervous system can also affect the patient’s response to drug therapy. A decline in the neurotransmitters norepinephrine and dopamine has been reported in the elderly. The decline in dopamine may lead to an increased sensitivity to dopamine-blocking agents (e.g., neuroleptic agents; structurally similar agents, including metoclopramide) (Bourne, 2007).


The cardiovascular system is another body system in which pharmacodynamic changes can result in greater sensitivity (Bourne, 2007) or, in a few cases, loss of sensitivity to cardioactive drugs. Orthostatic hypotension occurs more commonly in the elderly because of the loss of baroreceptor response and the failure of cerebral blood flow autoregulation; it can be aggravated by drugs with sympatholytic activity (Box 4-6). Consequences of orthostatic hypertension in the elderly include dizziness and an increased risk of falls and fractures. Medications that cause orthostatic changes probably should be used with caution in the elderly, and lower doses should be prescribed.





BOX 4-6   Examples of Drugs That May Cause Orthostatic Hypotension in the Elderly


Antihypertensives


Anticholinergics


Phenothiazines


Antidepressants (e.g., amitriptyline, trazodone)


Diuretics


Vasodilators (e.g., nitrates, alcohol)


Data compiled from Burton ME, Shaw LM, Schentag JJ et al: Applied pharmacokinetics and pharmacodynamics: principles of therapeutic drug monitoring, ed 4, Baltimore, 2005, Lippincott Williams & Wilkins; Duthie EH et al: The practice of geriatrics, ed 4, Philadelphia, 2007, Saunders.





Other cardiovascular changes that occur in the aging patient that may be influenced by drug therapy include a decrease in resting heart rate and a decrease in cardiac output in response to exercise. Drugs that may affect cardiac output include calcium channel blockers and β-blockers; their use should be monitored carefully, especially in patients with a history of systolic dysfunction (Egger et al, 2005). Positive inotropic agents such as digoxin have an increased effect in elderly patients because of their greater sensitivity to the drug, which predisposes them to a greater risk of toxicity.


Although many drugs have been reported to produce an enhanced response in the elderly, a few have elicited a decreased response. β-blockers reportedly produce a lesser response in the elderly, suggesting that changes occur within the receptors themselves or in response to elevated plasma norepinephrine levels as aging progresses. With an increased focus on improving outcomes in patients with CHF, numerous researchers are examining the effects of β-blockers in reducing blood pressure in the elderly and are seeking to explain why some of these medications may seem to be less effective in the elderly than in younger patients (Duthie et al, 2007; Katzung et al, 2009).


Anticoagulant drugs that may produce a greater response or effect in the elderly are those that reflect an intrinsic, age-related change in receptor sensitivity. Drugs such as warfarin and heparin may produce an exaggerated response in the elderly patient, possibly because of a decrease in clotting factors with age or because of protein-binding changes (Bourne, 2007; Katzung et al, 2009). These agents should initially be dosed lower in the elderly patient and should be monitored carefully for an appropriate response.


Because of the physiologic changes that are noted in elderly patients and the potential problems that may result from pharmacologic therapy, treatment regimens for elderly patients must begin with nonpharmacologic strategies. A basic focus on diet, hydration, exercise, and weight loss often forms the foundation for any other successful intervention and reduces the numbers of medications that might be required for concurrent problems. Although this is an obvious and fundamental principle in the care of the elderly, the utility of these goals may often be overlooked as providers rush to treat.















Common Concerns Related to Medication Use in Older Adults



Adverse Drug Reactions





Some side effects of drugs that might be minor or well tolerated in most patients may be more dangerous in the elderly. For example, people aged 25 to 60 who take two or more prescription drugs were 2.5 times more likely to have unintentional falls compared with those taking only one drug or those not taking any medications at all, according to a study in a 2012 Injury Prevention report. The risk of unintentional falls was highest in people taking high blood pressure or cholesterol-lowering drugs but this may be caused by the underlying health conditions and not the drugs. However, the consequences of falls in the elderly are often major.


An ADR is any response that is unintended and undesired and that occurs at normal recommended dosages. The reaction may be idiosyncratic or pharmacologically predictable. It is important for the clinician to learn how to prevent ADRs because they represent the fourth leading cause of death in the United States, ahead of pulmonary disease, diabetes, AIDS, pneumonia, accidents, and automobile deaths. Finally, the rate of ADRs increases exponentially when a patient is taking four or more medications (AHQR, 2001).


Efforts to reduce polypharmacy are important, but for many patients, the number of medications cannot be reduced without causing harm. That is why an understanding of the basis for drug interactions is important. This will allow health care providers to make the most appropriate choices when prescribing and to avoid preventable ADRs.


Cumulative side effects of medications taken concurrently increase the risk for adverse reactions. ADRs are more common in older adults, and it is anticipated that many of these reactions are not identified by older adults, who assume that the problems are just normal age changes. Medication use in elderly patients increases their risk for ADRs and potentially serious consequences, including falls. The rate of ADRs in the elderly is higher than that in younger adults (Grady, 2006). The body systems most frequently associated with ADRs in the elderly are the cardiovascular system and the CNS.


The most important class of drug interactions involves the cytochrome P450 microsomal enzyme system, which handles a variety of xenobiotic substances (Egger et al, 2005). The potential is real for interactions between these enzymes and calcium channel blockers, β-adrenergic-blocking agents, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers. No interactions with diuretic antihypertensives have been observed because these drugs are renally eliminated and are more vulnerable to drug interactions that occur in the kidney.


Most medications taken by older adults are self-administered, and this fact has implications for recognition, underreporting, and the mortality statistics associated with ADRs. Specifically, what happens in the purview of a person’s private dwelling regarding medication use is much less known or controllable than what occurs in hospitals, long-term care, or other institutional settings. The overwhelming majority of elders live in the community, and the prescriber must keep this in mind when working with them. A study that examined drug prescribing for community-dwelling elderly patients (Handler et al, 2006) concluded that nearly 25% were taking inappropriate medications, and this placed them at increased risk for ADRs. ADRs can mimic many clinical syndromes in the geriatric patient. The importance of monitoring for ADRs cannot be overemphasized. ADRs may be associated with drug interactions; this is a theoretically preventable drug-related problem in patients taking multiple drugs. Drug reactions occur in up to 24% of institutionalized elderly patients and may be even more frequent in community-dwelling elderly patients, who often self-medicate with numerous OTC drugs. Drug interactions and ADRs can have serious consequences for the elderly and can increase both morbidity and mortality in this most vulnerable population (Barry et al, 2006).


Certain drugs commonly cause ADRs in the elderly, and these drugs should be used with caution. They include digoxin, anticoagulants, NSAIDs, systemic corticosteroids, diuretics, β-blockers, methyldopa, clonidine, benzodiazepines, calcium channel blockers, and sedative-hypnotics. Table 4-4 describes the ADRs that are most likely to occur when these drugs are used. Newer drugs and drug groups must likewise be used cautiously in older adults.




TABLE 4-4


Adverse Drug Reactions Commonly Caused in Older Adults








	Drug

	Likely Adverse Reaction










	Tricyclic antidepressants

	Urinary incontinence






	Antiparkinsonian agents

	Urinary retention






	Diuretics

	 






	Sedative-hypnotics

	 






	Antihistamines

	 






	Antianxiety agents

	Depression






	β-Blockers

	 






	Antihypertensives: methyldopa, clonidine, reserpine

	 






	digoxin

	 






	diuretics

	Delirium






	Sedative-hypnotics

	 






	Benzodiazepines

	 






	Nonsteroidal antiinflammatory drugs

	 






	cimetidine

	 






	Narcotics

	 






	Alcohol

	 






	Sedative-hypnotics

	Increased risk for falls






	Alcohol

	 






	Antihypertensives

	 






	Antiparkinsonian agents

	 






	Narcotics

	 






	Nitrates

	 






	Diuretics

	 






	Neuroleptics

	 






	Tricyclic antidepressants

	Constipation






	quinidine

	 






	Antihistamines

	 






	bethanechol

	 






	propantheline

	 












Specifically, the treatment of depression with selective serotonin reuptake inhibitors (SSRIs) is common among older adults (DiPiro et al, 2011; Spina & Scordo, 2002). When using these drugs, clinicians should consider the possibility of the serotonin syndrome. (Serotonin syndrome most often occurs when two drugs that affect the body’s level of serotonin are taken together at the same time. The drugs cause too much serotonin to be released or to remain in the brain area and may produce a life-threatening condition.) SSRIs have a high potential for pharmacokinetic interactions because of their selective effects on CYP isoenzymes. Therefore, these agents should be closely monitored or avoided in elderly patients treated with substrates of these isoforms, especially those with a narrow therapeutic index. On the other hand, citalopram and sertraline exhibit low inhibitory activity for different drug-metabolizing enzymes and appear particularly suitable in an elderly population.








Polypharmacy


Many older adults need a variety of medications. The highest prevalence of medication use is among women 65 years of age and older. Among a national sample of 2950 older adults, 12% took 10 medications daily and 23% took 5 prescription medications (Frankfort et al, 2006). In general, older adults account for 13% to 14% of the total population; they use one fourth of OTC drugs and up to one third of prescribed medications. The average older adult uses 4.5 prescription medications and 2 OTC medications each day. In addition, these individuals may add supplements, vitamins, and various home remedies to the regimen. Moreover, many of these drugs are inappropriately prescribed (Baier, 2007; DiPiro et al, 2011; Laroche et al, 2006). Those who are 85 years of age or older are at even greater risk of polypharmacy (Bigos et al, 2006).


Numerous studies document the use of multiple medications that are inappropriately prescribed for the elderly (Baier, 2007). Patients visit multiple prescribers who are often unaware of what other prescribers have given them. They self-treat with OTC medications and complementary and alternative medicine (CAM), and these products often interact with prescription drugs. In a 2008 study, concurrent use of at least 5 prescription medications was reported by 29% of the overall population; this percentage was highest among those aged 75 to 85 years (37.1% for men and 36.0% for women). Among users of prescription drugs, 46% used OTC medications concurrently, and 52% used dietary supplements concurrently (Qato, 2008). They often split pills, trade medications with others, and take their medications irregularly to save money.


Use of multiple medications increases the risk of drug–drug interactions, ADRs, and potential exacerbation of medical problems. In a study of older adults admitted into acute care facilities with CHF (Grady, 2006), polypharmacy was reported to be one of the direct causes of disease exacerbation. In their classic 1995 study, Leape et al estimated that drug–drug interactions accounted for 3% to 5% of preventable ADRs (Leape et al, 1995). However, the explosion of knowledge regarding the P450 enzyme system in the liver has allowed clinicians to develop a new understanding about drug combinations that may be problematic (see Chapter 3), and automated computer alerts regarding drug interactions help to limit some of these problems.


The Beers criteria (Frick et al, 2012), which are explicit although not evidence-based guidelines, are among the most commonly used techniques for assessing the appropriateness of drugs that are prescribed for the elderly. Many drugs that are at high risk for producing ADRs in the elderly and those that are less likely to produce severe ADRs have been identified with the use of these criteria (Molony, 2004). A positive correlation has been noted between ADRs and drug prescribing practices that fail to comply with the Beers criteria. The Beers criteria, in fact, may be used by clinicians to predict the occurrence of ADRs, particularly among those elderly patients who are taking fewer than 5 drugs (Chang et al, 2005) (Box 4-7). Efforts to reduce polypharmacy are important, but for many patients, the number of medications cannot be reduced without causing harm. That is why it is important for clinicians to attain an understanding of the basis for drug interactions. This will allow us to make the most appropriate choices when prescribing and to avoid preventable ADRs.





BOX 4-7   Sample Medications That Require Lower Dosages Because of Decreased Clearance in the Elderly


Decreased Renal Clearance in the Elderly







Aminoglycosides


vancomycin


Fluoroquinolones


Penicillins


imipenem


digoxin (limit dose to 0.125 mg/day, consider every other day)


ACE inhibitors


β-Blockers (atenolol, nadolol)


sotalol


glyburide


ranitidine, cimetidine, famotidine


lithium








Decreased Hepatic Clearance in the Elderly







Benzodiazepines


Calcium channel blockers


lidocaine


phenytoin


celecoxib (Celebrex)


theophylline


imipramine or desipramine, trazodone


isoniazid


procainamide











Medications to Avoid in Patients Older than 65: Short List (The Beers List)







Sedating antihistamines (e.g., diphenhydramine)


Sedative-hypnotics (e.g., diazepam)


Sedating antidepressants (e.g., amitriptyline)


Antispasmodics (e.g., oxybutynin, dicyclomine)











Medications to Avoid In Patients Age Older than 65: Long List







Anticholinergic agents


Sedating antihistamines (Benadryl, Periactin, Atarax)


ticlopidine


methyldopa


reserpine


disopyramide (Norpace)


meperidine (Demerol)


propoxyphene (Darvon)


Barbiturates (e.g., Fiorinal, Nembutal, Seconal)


Benzodiazepines (Librium, Valium, Dalmane, Halcion)




• Use benzodiazepines with caution.


• Use shorter-acting agents (e.g., Ativan, Restoril).


• Use low doses (<3 mg Ativan; <15 mg Restoril).














Increased Risk of Physical Performance Decline







Meprobamate


Sedating antidepressants (Elavil, doxepin, imipramine)


Amitriptyline is highly anticholinergic.


Alternatives for pain: Pamelor, Neurontin, Lyrica


methylphenidate (Ritalin)


Antiemetics (Phenergan, Tigan)


GI antispasmodics (e.g., Donnatal, Bentyl, Levsin)


Antidiarrheals (Lomotil)


Urinary antispasmodics (Ditropan)


Nonsteroidal antiinflammatory drugs (NSAIDs)


Especially avoid Indocin, Toradol, Ponstel, and Feldene.




• Limit to low dose, short duration, short half-life.





Skeletal muscle relaxants (e.g., Flexeril, Soma)








From Gray SL et al: Benzodiazepine use and physical performance in community-dwelling elders, J Am Geriatr Soc 51:1563-1570, 2003; Curtis LH et al: Inappropriate prescribing for elderly Americans in a large outpatient population, Arch Intern Med 164:1621-1625, 2004; Williams CM: Using medication appropriately in older adults, Am Fam Physician 66:1917-1924, 2002; Frick D, Semla T, Beizer J et al: American Geriatrics Society Updated Beers Criteria for potentially inappropriate medication use in older adults, J Am Geriatr Soc 60(4):616-631, 2012.





CAM is increasing in popularity in the United States. These products are not rigidly regulated, and it is therefore difficult to assess the likelihood of drug–drug interactions, toxic effects, or side effects. Moreover, these interactions/reactions to CAM are not anticipated by many individuals. In a study (Saw et al, 2006) of older adults undergoing preoperative screening, it was noted that almost half (42.7%) used CAM, 20% used CAM that resulted in anticoagulation, 14% used CAM that altered blood pressure, and 7% used CAM that had other cardiac effects. Older adults must be educated about the potential drug interactions and side effects of CAM, and providers must be alerted to the prevalent use of these products among this population. Most of these individuals did not tell their health care providers that they were using herbal products (McPhee, Papadakis, & Rabow, 2012; Saw et al, 2006).


To help decrease the risk of multiple medication use, software programs are available to help older adults monitor their medication regimens for possible interactions. The specific outcomes of these types of interventions in decreasing the risk of polypharmacy are under evaluation. The trend, however, is to continue to encourage both older adults and their health care providers to consider the potential risk of multiple medications and to use only those medications that are necessary.














Adherence with Drug Regimen


Adherence is defined as the extent to which a patient follows a planned medical regimen. Adherence and concordance are the terms used to replace the term compliance. Drug nonadherence takes many forms, including deliberate omission of a medication, unintentional and intentional overdosing, errors in dosing frequency, use of medications other than as the provider intended, incorrect mode of administration, and use of drugs prescribed for another individual. Nonadherence may be deliberate or unintentional. Compliance with medications is low when patients are in denial regarding the nature/severity of their condition; when medications are prescribed for preventative reasons for conditions that are symptomless; when patients feel no benefit from taking the medication; when patients do not believe that the medication will affect their condition; when no immediate consequences result from not taking the medication; and when patients feel that the short-term disadvantages of the medication (such as side effects) outweigh its long-term benefits (APhA, 2003; DiPiro et al, 2011).


It is essential to explore with the older individual what he or she is actually doing with regard to daily medication use and then compare this against the “prescribed” medication regimen. Patients should bring all medicines with them to office visits. Allow and encourage the individual to explain reasons for any deviations, and provide clarification if there has been some confusion about how to take a specific medication. Box 4-8 provides a listing of some of the commonly identified reasons for drug nonadherence. Address each of these potential reasons, and help the patient come up with a reasonable solution to facilitate future adherence. Simple techniques such as writing out, in large print, daily medications; filling daily medication boxes for those with cognitive impairment; and/or changing to a generic (i.e., less expensive) drug option may resolve problems with adherence.





BOX 4-8   Common Reasons for Drug Noncompliance







• Cost of medications


• Complicated schedule


• Unrealistic schedule


• Impaired cognition and judgment


• Unpleasant side effects


• Lack of knowledge related to NEED and purpose of medication


• Denial of problem for which treatment is being prescribed


• Fear of drug side effects or exacerbation of other problems


• No perceived response/effect for drug treatment








Some of the essential aspects of prescribing that will enhance patient adherence to the regimen include the following:




• Use nondrug treatment whenever possible; do not substitute a drug for effective social care measures.


• Prescribe the lowest feasible dose (often less than half the usual adult dose).


• Prescribe the smallest number of medications with the simplest dose regimens.




• Once daily is best.


• Time doses to mealtimes.





• Provide simple verbal and written instructions for every medication, including what it is for.


• Be aware that presenting symptoms may result from existing medications.


• Regularly review chronic treatment; it may be possible to stop medications or to reduce the dose when necessary.


• Establish partnerships to ensure compliance.




• Patient


• Family (educate on indications and adverse effects)


• Pharmacists


• Home health aides





• Use devices that facilitate taking of medication.




• Use pillboxes and pill calendars.


• Label containers with large type.


• Pill containers should open easily.





• Keep accurate medication list.


• Ensure easy access to medications.


• Affordability


• Medication delivery


• Evaluate for patient factors that affect compliance.


• Dementia


• Major depression





Both prescribers and patients should keep a written list of all current medications. This list can be used as a tool for discussion of any issues that the patient may have with his medicines. This will allow the clinician to remember to provide consistent teaching about drug therapy at every office visit. Some data indicate that nonadherence is often the result of a lack of understanding from the patient’s perspective regarding the purpose, dosing regimen, and anticipated therapeutic effects of the drug. Without adequate teaching, the drug may simply be stopped by the patient (Bourne, 2007).














Costs of Medications


Prescription drugs represent a significant out-of-pocket cost for older adults. More than 15% of the older adults who use prescription medications are unable to pay for them. Not all patients participate in Medicare Part D, which offers prescription coverage for some medications. The lack of uniformity in what is covered by the different groups that offer Plan D benefits and the costs involved have created broad disparities that have frustrated and upset many elderly patients and have caused Congress to continue to examine this program closely. Medicaid does cover prescription drugs listed on state Preferred Drug Formularies for those individuals who qualify. In addition, pharmacy assistance, a state-run program to provide prescription drug services for those who do not qualify for Medicaid, is available in some states. Box 4-9 provides examples of ways in which drug costs can be controlled. It is essential to consider the cost benefit for drugs prescribed by examining findings from randomized clinical trials and sophisticated cost analyses.





BOX 4-9   Techniques to Decrease Costs for Prescription Medications







• Check on drug costs before prescribing, and search for the lowest-cost alternative within drug groups.


• Use generics when possible.


• Start with small quantities of new prescriptions (starter dosing with 1-week supply).


• Use the lowest dose necessary to achieve the desired effect.


• Eliminate all unnecessary medications.


























Process Model of Prescribing for the Elderly


Christianes’s consideration of a systematic method of helping providers evaluate choices when prescribing drugs for elderly patients led to the development of a specific model that is still relevant today (McPhee et al, 2012). This model consists of a few basic questions that include the following.








Why Use a Drug?


This question is meant to prompt the clinician to review what clinical indication(s) is being addressed by the prescription. Associated questions should focus on whether there is a clear link between the drug being considered and the disease entity being treated, and whether other, nonpharmacologic means are available to address the condition. Too often, clinicians do not consider whether the condition definitively requires a medication. It should be determined if the goal of medication therapy is to cure, to manage future risks associated with the condition, or to provide comfort for the patient. (Patient comfort, achieved through direct relief of symptoms or through acknowledgment of the patient’s pain, is always a desired goal.) Therapies should be recommended to improve, maintain, or stabilize functionality. All too often, elders are placed on medications without clear indication, to treat “symptoms of aging” rather than a specific diagnosis, and without objective functional or other baseline data that can be used to determine further dosage adjustments. Hence, when the medication begins to interact with other drugs, to affect comorbid conditions adversely, or to reduce function, the prescriber lacks sufficient information to make appropriate clinical decisions. The clinician should obtain appropriate baseline data by administering Katz ADLs, Barthel’s Index of Activities of Daily Living, the Patient Health Questionnaire Nine-Symptom Depression Checklist (PHQ-9; Pfizer Inc, New York, NY), MMSE, or whatever test is appropriate to the clinical situation that will help to reveal functionality prior to implementation of therapeutics and during regular intervals thereafter.


Whatever the situation, the intent of drug therapy should be clearly determined. This is where the art is needed in providing care—the interface between knowing patients and knowing medicine. “There can occasionally be prescribing decisions made which aren’t perfectly rational, but which make sense in the context of a particular patient.” This model states that regardless of the reason a patient receives therapy, the reason(s) should be clearly identified (McPhee et al, 2012).














Why Should This Particular Drug Be Used?


In the best of situations, the prescription of a drug should be based on the best available evidence from peer-reviewed, randomized, controlled trials conducted in patient populations with similar age, sex, and disease state characteristics as those of the patient. Decisions should be made with the use of statistically significant outcomes data that show proven clinical and quality-of-life benefits. The reality is that these data often are not available in a perfect combination of content and relevance. But when such information is available, it should be considered the “gold standard” for decision making. Other factors that enter into the prescribing decision include practice matters such as availability, cost, and dosing schedules. All of these factors influence whether the patient will adhere to the therapy once it is prescribed. After a therapy is selected, the next question should be addressed.














Why Should This Drug Not Be Used?


This question again should prompt a review of the potential contraindications, side effects, and toxicities, and other reasons why this drug might not be a good therapeutic choice for the patient. The drug should be specifically evaluated with respect to past and current medical problems in a given patient that could influence the risks or benefits of a particular therapy. For example, some drugs have a very narrow therapeutic window that may necessitate additional monitoring or may predispose to a high rate of complications. With study, perhaps a comparable drug can be selected to minimize these risks (McPhee et al, 2012).


Finally, it is necessary to consider a review of all potential drug–drug interactions and herb–drug interactions for patients who take a variety of prescribed and OTC therapies. Much of the drug interaction information in the literature has been generated by single drug–drug profiles. This means that the information may not be helpful when patients are taking three or five or even eight drugs, as is common in elderly patients. Therefore, what we know about drug–drug interactions for many elderly patients is incomplete.


Although they are somewhat time consuming, these steps provide a rational path by which the safety and benefit of pharmacotherapies can be maximized in middle-aged or older patients, while known or potential risks are minimized. If this approach is made part of standard practice, the time should be budgeted to support this model of care. Christianes maintains that this model should be used in an expanded format in two specific situations: when one is assuming care of a new patient, start with a thorough review of his current therapies; and when a patient returns for a follow-up visit after hospitalization, a careful evaluation should be done. Often, medications are prescribed in the hospital for symptom relief or as standard as-needed therapies. If not reviewed, these may become routine medications solely because the drugs were never reevaluated Clearly, other signs, symptoms, or events serve as “red flags” for the prescriber to indicate that drug therapy should be reevaluated in elders. For instance, the patient experiences weight loss >5% of baseline, abrupt change in medical condition, abrupt change in functionality, a new pain syndrome, recent hospitalization or surgery, instability of medical conditions, care provided by a new home care provider, transfer to a new living environment (long-term care [LTC] or assisted living), and so forth. Under these situations, the process model should be used in an expanded form. The intent is to help the prescriber become proactively aware of circumstances in which reduced dosages may be necessitated or an increased number of ADRs may occur.


Drug therapy is seen as almost mandatory in the elderly patient. Thinking clearly about what may be required to enhance or preserve the health of the elderly and avoiding the development of additional symptoms is a special challenge for those who work with geriatric patients.




























Chapter 5


Special Populations


Pediatrics
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The dramatic decrease in infant mortality rates throughout the twentieth century has paralleled the development of improvements in the prevention, diagnosis, and treatment of pediatric problems; the introduction of better technology; and the increasingly effective use of pharmacologic products. Because children are subject to many of the same diseases as adults, they sometimes are treated with the same drugs and biologic products as adults. However, use of these drugs to treat children is rarely based on evidence-based medicine.


The preparation of valid and generalizable knowledge about drug use in children has been problematic at best. Few clinicians want to experiment with children, and few parents would knowingly allow their infants or small children to participate in research studies that would entail risk of any kind. As a result, many drugs are currently labeled with the comment “Safety and efficacy not established for children.” Many of the initial data about drug use in children were based on firsthand observations by clinicians who tried drugs even when no guidelines were available to assist them. What these clinicians quickly determined was that children are not just small adults who require smaller doses. Health care providers who do not learn that lesson are likely to create problems for both themselves and their patients (Kleigman et al, 2011).


What has been determined is that one third of drugs tested separately in children under the FDA Pediatric Exclusivity Program had different effects than they did in adults; some were more toxic, and others were completely ineffective (Li et al, 2007). Seventy-five percent of drugs used in children have never been tested in this population, yet they are used in children every day. Children are our therapeutic orphans (Li et al, 2007).








Pharmacokinetics of Drug Therapy in Infants and Children


Determining how to give medications to children involves having an especially good understanding of the various physiologic factors that may be affected by these drugs. The growing but immature child is a dynamic and changing entity whose unique characteristics must be understood if errors are to be avoided. The practitioner must remember that information must be mastered for each of the age groups that comprise the pediatric category: preterm infants (gestational age younger than 36 weeks), neonates (30 days old and younger), infants (1 to 12 months), toddlers (1 to 4 years), children (5 to 12 years), and adolescents (13 years and older). Fundamental to this understanding is knowledge of the unique pharmacokinetic variables that may be encountered in pediatric dosing for each of these groups. In recognizing the maturational and developmental differences among children of the same age, developmental differences are further compounded by the same qualities that affect therapeutic response in adults, such as disease, environment, and genetic traits. Consequently, when compared with adults, a wider range of responses to a particular drug treatment can be expected in a population of children; in fact, the same child’s response to a regimen can change rapidly during a single treatment course.


Experts generally agree that devising a therapeutic regimen is most difficult for the youngest patients, particularly neonates. Signs of efficacy or toxicity are difficult to recognize, and newborns are the least able to withstand adverse effects. Neonates often experience the greatest number of therapeutic errors (Kleigman et al, 2011).








Drug Absorption


Many expect drug absorption in infants and children to follow the same basic principles as in adults. However, three factors tend to be especially important in children. First, the physiologic status of the infant or child determines blood flow at the site of parenteral drug administration. Factors that may reduce blood flow to muscular or subcutaneous tissues include cardiovascular shock, vasoconstriction caused by sympathomimetic agents, and heart failure. Under these conditions, absorption of any medications injected into intramuscular or subcutaneous tissue would be reduced. In premature infants with little muscle mass, perfusion to these areas and the resulting absorption are extremely irregular. In larger children, more rapid absorption occurs from the deltoid muscle than from the vastus lateralis muscle, whereas medications are absorbed the slowest from the gluteal muscles (AAP, 1997). Peripheral vasomotor instability, thermal instability, and reduced muscular contractions in premature infants compared with other children and adults also influence drug absorption from intramuscular sites. Toxic drug concentrations may be provoked if perfusion to intramuscular or subcutaneous tissues suddenly increases, promoting greater absorption of medication and increasing the amount of drug that enters the circulation. Drugs that have narrow therapeutic margins, such as anticonvulsants, cardiac glycosides, or aminoglycoside antibiotics, are particularly good examples of drugs with which toxicity may be encountered when absorption is variable (Burns et al, 2013).


Second, for neonates, another factor in absorption is the changing status of GI function. In the first weeks of life, the intestine is highly permeable and premature babies may absorb substances that cannot penetrate the more mature intestine. The presence of amniotic fluid in the stomach ensures an alkaline pH during the days after birth. (Although neonates quickly develop an acidic gastric environment, they do not produce normal levels of gastric acid until somewhere between the ages of 3 and 7 years.) During the neonatal period, the absorption of orally administered members of the penicillin family is enhanced, as is the absorption of carbamazepine suspension, diazepam, and digoxin. Both increased production of gastric acid and slow or varying peristalsis through the GI tract create situations in which orally administered drugs may be partially or totally inactivated by the low pH of gastric contents. Acid-labile drugs, such as ampicillin, nafcillin, and penicillin, develop higher serum concentrations in the presence of higher gastric acid, whereas lower serum concentrations may be found with phenobarbital, phenytoin, and acetaminophen (Kleigman et al, 2011). Drug absorption may be delayed or increased to a greater extent than anticipated because of the absence of intestinal flora, reduced enzyme function, delays in gastric emptying, deficient transport mechanisms across neonatal intestinal membranes, or slow GI transit. The stomach begins to empty more quickly once the infant is 6 to 8 months old. At that time, GI transit may become faster and more unpredictable. Low concentrations of bile acids and lipase may decrease the absorption of lipid-soluble drugs. The activity of pancreatic enzymes is decreased in neonates and infants up to 4 months of age (Koren & Cohen, 2006). These factors are particularly important to remember when one is contemplating the administration of a sustained-release agent. If the drug passes through the GI tract rapidly, absorption will be insufficient and a subtherapeutic dose will be delivered. Rectal suppositories generally should be avoided for drug administration, primarily because children may not retain the dosage form long enough to receive the entire dose.


Because so little research has been conducted on oral vs. intravenous administration, differences in the bioavailability of drugs through different routes of administration in premature infants are poorly understood. If a drug is poorly absorbed from the GI tract of an adult, absorption may be much more efficient in a premature child because of the delayed emptying. The one common finding of most studies is that drug absorption varies widely; the younger the child, the more erratic the absorption may be (Burns et al, 2013).


Third, the skin of premature and newborn infants has a greater ability to absorb some chemicals because of increased hydration and increased permeability, resulting from underdevelopment of the stratum corneum in the epidermal barrier. The transdermal route may be used therapeutically in selected infants to reduce the unpredictability of some oral and intramuscularly administered medications, such as theophylline. However, commercially available transdermal dosage forms are not intended for pediatric patients and would deliver doses much higher than those needed for infants and children. Rubbing the drug into the skin, incorporating the drug in an oily vehicle, and using an occlusive dressing, sometimes by wrapping the site in plastic wrap, may increase cutaneous absorption of topical products (Edmunds, 2013). Children have the potential for increased absorption through the skin because their skin is thinner and more sensitive—thus allowing for greater penetration—particularly if the skin is damaged or an occlusive dressing (even a diaper) is applied over the medication. Factors that increase transdermal drug absorption also increase the risk to the infant of toxic effects following topical use of drugs, as well as such items as hexachlorophene soaps, boric acid, powders, or rubbing alcohol (Gilman, 1990). Both clinicians and parents should remember that small children can ingest a topical drug by sucking or licking it off an accessible patch of skin.














Drug Distribution


Drug distribution as a process is determined by two factors: (1) the physicochemical properties of the drug itself (i.e., the molecular weight, etc.), which do not vary, and (2) the physiologic factors specific for the patient, including total body water, extracellular water, protein binding, and pathologic conditions that modify physiologic function, all of which vary widely in different patient populations (McCance & Huether, 2009). The distribution volumes of drugs vary in the child as the body composition changes through growth and development. The neonate has a higher proportion of its body weight in the form of water than does the adult, who has 50% to 60% of body weight in water. Small premature neonates may have 85% of their body weight as water, with 40% of that amount as extracellular water, whereas the normal full-term neonate usually has only about 70% body weight as water. Because many drugs are distributed throughout the extracellular water space, the volume or size of the extracellular water compartment may be important in determining the concentration of drug at the receptor sites. This is an especially important consideration because many neonates diurese heavily in the first 24 to 48 hours of life, and many important drugs are water soluble (Koren & Cohen, 2006; McCance & Huether, 2009). Water-soluble drugs, such as the aminoglycoside antibiotic gentamicin, will be distributed more widely in the body, resulting in lower serum levels. To compensate, a higher dosage is necessary.


Another variable that affects drug distribution in premature infants is a reduced percentage of body fat. Premature infants may have 1% of body weight in fat compared with 15% in normal full-term infants (Yaffe & Aranda, 2010). Organs that ordinarily would accumulate high concentrations of lipid-soluble drugs in adults and older children may not accumulate as much in infants. Early on, when the proportion of body fat is small, lipid-soluble drugs such as vitamins A and E do not distribute as well, provoking higher drug concentrations in the serum. In such cases, the dosage may have to be reduced to avoid toxicity. In older children, the alterations in body fat associated with obesity and extreme emaciation obviously affect fat storage of drugs just as they do in adults.


In addition to fat, selected drugs are stored to a smaller extent in other tissues. For example, the tetracyclines chelate with calcium and so have a high affinity for the rapidly growing teeth and bones of infants and young children (Kleigman et al, 2011).


Drugs are not distributed uniformly throughout the body. For example, drug distribution to the central nervous system is small, and movement through the brain’s rich blood supply is unique. Drugs must move from the bloodstream across the blood-brain barrier. Because certain drugs, such as highly lipid-soluble drugs (e.g., tetracycline, diazepam), readily penetrate the central nervous system, there is no absolute barrier. However, the blood-brain barrier is encountered when drugs that are moving from the blood across the capillary endothelium are restricted by the close approximation of the glial cells with the capillary endothelium. Also, drug access to the cerebrospinal fluid is limited by the epithelium of the choroid plexus (Kleigman et al, 2011). In premature infants, incomplete glial development enhances permeability of the blood-brain barrier and permits drugs and bilirubin to enter the central nervous system more readily. Poorly lipid-soluble drugs such as gentamicin and penicillin may then cross the blood-brain barrier when administered in large doses, when administered via rapid intravenous infusion, or when administered to neonates with renal failure. The permeability of the blood-brain barrier in infants and children of all ages is increased in meningitis, brain tumors, and cranial trauma. In these conditions, drugs that do not ordinarily enter the central nervous system may do so without difficulty (Yaffe & Aranda, 2010).


Some drugs are reversibly bound to plasma proteins (usually albumin), fat, bone, or other tissues. Diazepam, digoxin, furosemide, and warfarin are examples of drugs that are highly bound to plasma albumin. When bound, these tissue-bound drugs are not free to gain access to receptor sites and thus are pharmacologically inactive. Some tissue-bound drugs are released when plasma concentrations fall; thus, these tissues are said to act as drug storage depots (Katzung, Masters, & Trevor, 2009; McCance & Huether, 2009).


Plasma protein binding in neonates is comparatively low because of decreased plasma protein concentration, lower binding capacity of protein, decreased affinity of proteins for drug binding, and competition for certain binding sites by endogenous compounds. Because of this, the concentration of free drug in plasma is increased and exerts powerful pharmacologic effects that can result in greater drug effect or toxicity. Acidosis, cold stress, and hypoglycemia in the neonate may produce free fatty acids that act to displace drugs from plasma albumin-binding sites (Brunton, Chabner, & Knollman, 2010). However, because drugs bound to plasma proteins cannot be eliminated by the kidneys, an increase in free drug concentration may also increase its clearance (Katzung, Masters, & Trevor, 2009).


In the neonate, bilirubin, maternal hormones, and other endogenous substances also occupy available plasma protein-binding sites. Sulfonamides, furosemide, large doses of vitamin K, and sodium benzoate given to the mother during labor or delivery, or passed to the baby through breastfeeding, may compete with serum bilirubin for binding to albumin. If these drugs are given to a neonate with jaundice, they can displace bilirubin from albumin. Because of the greater permeability of the neonatal blood-brain barrier, substantial amounts of bilirubin then could enter the brain and cause kernicterus. Additionally, as the serum bilirubin rises for physiologic reasons or because of a blood group incompatibility, bilirubin displacement of a drug from albumin can substantially raise the free drug concentration. This might occur without altering the total drug concentration and would result in a greater therapeutic effect or toxicity at normal concentrations (Koren & Cohen, 2006).


The decreased capacity for plasma protein binding of drugs can increase their apparent volumes of distribution. The clinical implications of this action are that to obtain a therapeutic serum concentration of many drugs, premature infants will require a larger loading dose than that required for older children and adults (Brunton, Chabner, & Knollman, 2010).


Finally, certain drugs distributed in the breast milk of breastfeeding mothers may pose problems for infants. The American Academy of Pediatrics (AAP) last updated its warning statement in 2002 to list drugs that should be avoided by the mother during pregnancy and breastfeeding if at all possible and the effects of drugs on infants. Drugs that are absolutely contraindicated during breastfeeding include bromocriptine, cimetidine, clemastine, cyclophosphamide, ergotamine, gold salts, methimazole, phenindione, and thiouracil (AAP, 2002).














Drug Metabolism


The biotransformation of drugs into usable substances in the body involves chemical reactions that convert a drug to an inactive or a less active compound. These metabolic reactions usually produce metabolites that are less lipid soluble and more readily eliminated than are highly lipid-soluble compounds. Not all metabolites are pharmacologically inactive. Active metabolites are excreted unchanged or undergo additional metabolic reactions. Poorly absorbed lipid-soluble drugs, such as the penicillins, are not metabolized but are excreted unchanged (Brunton, Chabner, & Knollman, 2010).


In general, drug metabolism in infants is substantially slower than that in older children and adults. The newborn’s kidneys are immature, and because most drug metabolism takes place in the liver, the fact that the P450-dependent mixed-function oxidases and the conjugating enzymes of infants are only 50% to 70% of adult values is an important consideration in the treatment of children (Katzung, Masters, & Trevor, 2009). Different enzymes are present in varying amounts, but the capacity to increase production of all enzymes continues until the third or fourth year of life. For example, the glucuronidation pathway is undeveloped in infants, but the sulfation pathway is relatively well developed and may compensate for deficits in the other pathway in the presence of some drugs (DiPiro et al, 2011; Rane, 2010).


Given neonates’ decreased ability to metabolize drugs, they may be at increased risk for adverse effects because of slow clearance rates and prolonged half-lives, particularly in drugs given over long periods. One of the earliest cases in which serious adverse effects were observed in neonates following administration of a drug that had not been adequately studied in pediatric patients was the development of “gray baby syndrome” after treatment with the antibiotic chloramphenicol. After 23 deaths in neonates, it was determined that the immature livers of these infants were unable to clear chloramphenicol from the body, allowing toxic doses of the drug to accumulate (DiPiro et al, 2011). These facts make it essential for the clinician to consider the maturation of the infant when evaluating whether to administer drugs metabolized in the liver. Conversely, some drugs that a mother might take would induce the fetal hepatic enzymes to mature early. This would result in faster metabolism of certain drugs, with less therapeutic effect and lower plasma drug concentrations. One of the drugs that might cause this action is phenobarbital (Koren & Cohen, 2006). By the first birthday, the liver’s metabolic capabilities are not only mature but more vigorous than those of an adult, probably because the child’s liver has a greater volume per kilogram of body weight. Although this phenomenon is probably most apparent between the ages of 2 and 6 years, it continues until approximately 10 to 12 years of age so that certain drugs may need to be given in higher dosages or more often. An example of this is theophylline. A child between 1 and 9 years of age with asthma might require markedly higher doses of theophylline on a weight basis compared with an adult (Brunton, Chabner, & Knollman, 2010). Dosing errors because of this have led to decreased use of this drug.


Although most drug metabolic reactions occur in the liver, the GI tract, kidney, and plasma may also biotransform some drugs. The extent of use of these alternate forms of metabolism is usually identified in pharmacokinetic tables, and these forms account for only a small percentage of drug metabolism.














Excretion


As with metabolism, the growth and maturity of the child’s organs have a significant effect on the elimination of drugs. Difficulty in excreting drugs that results from incomplete development of the fetal renal excretion system, including reduction in glomerular filtration, tubular secretion, and tubular reabsorption, is gradually resolved with increased gestational age but may still be markedly decreased at birth and may only slowly develop to capacity over the first year of life (Kleigman et al, 2011).


For the first few days of life, the glomerular filtration rate (GFR) of a neonate may be at only 30% to 40% of the adult rate. This rate may be even lower in premature babies. As the child grows and matures, the clearance rate improves, even during the first week of life. By the end of the third week of life, GFR is usually 50% to 60% of the adult value and may reach the adult value by 6 months (Brunton, Chabner, & Knollman, 2010).


This developmental process has implications for drug clearance, particularly for common drugs such as penicillin, aminoglycosides, and digoxin, for which rates may fall to 17% to 34% of the adult clearance rate. If a child is ill enough to require these drugs, its GFR may not improve as predicted during the first weeks and months of life. This will necessitate adjustments in dosage and dosing schedules. The child will require more vigilant monitoring, and appropriate dosages should be calculated based on plasma drug concentrations determined at intervals throughout the course of therapy (Koren & Cohen, 2006).


Changes in urinary pH may also affect the rate at which a drug is excreted. Ammonium chloride, ascorbic acid, and other drugs that acidify the urine increase the rate at which pseudoephedrine, meperidine, quinidine, and other weak bases are excreted. Sodium bicarbonate and other drugs that alkalinize the urine increase the rate at which phenobarbital, aspirin, nitrofurantoin, and other weak acids are excreted. Although increasing the rate at which a drug is excreted shortens its effect, decreasing urinary excretion increases the drug’s duration of action (Yaffe & Aranda, 2010).




















Effect of Disease on Drug Processes in Children


Drugs generally produce their effects by combining with an enzyme, cell membrane, or other cellular component. The cellular component, or receptor, with which the drug combines has a chemical or structural affinity for a highly specific drug. Investigators have reported that receptors are present and functional in young children, and the degree of receptor response appears to correlate with birth weight (Yaffe & Aranda, 2010). However, requirements for larger doses of medications such as digoxin for infants and children have been attributed to a greater affinity of the child’s developing myocardial digoxin receptors for digitalis derivatives (Brunton, Chabner, & Knollman, 2010). Other examples include the increased sensitivity of neonates to curare and atropine and their heightened resistance to succinylcholine, both of which result from immature development of receptors for these drugs.


The liver and kidney play major roles in the metabolism and excretion of drugs. Thus, diseases of either of these organs often affect drug action. Drug metabolism is a complex function of the liver that varies because of modifications in hepatic blood flow, extraction capacity of the drug from the blood, and serum drug binding. Both type and severity of liver disease may alter all of these factors. Shifts to different metabolic pathways within a diseased liver may sometimes compensate for damage to one part; therefore, it is sometimes difficult to predict how drug metabolism will be altered in illness.


Drugs can be divided into two categories on the basis of hepatic extraction characteristics. The first category consists of drugs with a high hepatic extraction ratio (>0.7), whose clearance will be affected by blood flow. Drugs such as lidocaine, morphine, and propranolol have high extraction ratios, and if given to patients with cirrhosis and congestive heart failure, the clearance of such drugs is decreased. The second category includes drugs with a lower extraction ratio (<0.2) and a low affinity for plasma proteins. The action of these drugs would be influenced more by hepatocellular function and less by changes in hepatic blood flow or plasma protein binding. Examples of these drugs include acetaminophen and theophylline. Most of the information about the effects of liver damage on drug metabolism comes from studies on adults; how this information relates to children is unclear. What has been determined is that careful monitoring is needed to avoid toxic reactions in children with liver damage (Brunton, Chabner, & Knollman, 2010).


In cases of renal failure, again, the major information on drug clearance comes from studies on adults. Renal clearance of drugs is directly proportional to the GFR as measured by endogenous creatinine clearance tests. The increased numbers of fatty acids associated with renal impairment may also displace drugs from protein-binding sites. The decrease in plasma albumin that accompanies the nephrotic syndrome reduces the number of available binding sites; consequently, extensively bound drugs would achieve higher plasma concentrations (Brunton, Chabner, & Knollman, 2010). Attention to the pharmacokinetic data on drugs eliminated by the kidney is required in children, particularly for those drugs with narrow therapeutic margins and for drugs that produce few observable, measurable clinical responses.


Other disease conditions may also affect drugs. Cystic fibrosis appears to be associated with a requirement for increased doses of drugs. Patients with hypoxemia, critically ill patients with severe head trauma, and those with a variety of GI diseases all may require dosage adjustments for a variety of medications (Kleigman et al, 2011). Again, the adjustments required often have been based on clinical anecdotes and have not been confirmed by valid research studies.














Choosing a Drug Regimen


One of the problems in giving medication to children is getting them to take it. The age of a child may mean that a significant number of drug formulations are not suitable for children. Younger children may have difficulty swallowing pills, may spit out chewable tablets, and may dislike effervescent tablets. Because of these common responses, health care providers may alter existing formulations for children to use—for example, grinding up pills, emptying capsules, or diluting medication with fruit juice that may actually interact and prevent drug absorption. These extemporaneous formulations may actually be unsafe for the child.


Using the appropriate vehicle to give the medicine may be as important as the formulation itself. Oral liquid preparations for children are usually administered from droppers and teaspoons. Tableware teaspoons vary in capacity from 4 to 7 mL and so could produce dosing errors. The best way to overcome this is to use a measuring instrument provided with the medication or a dispensing instrument purchased from a reputable pharmacy.


The thinking about whether medications should taste good and be palatable for children has changed in the last two decades. Mr. Yuk used to be prominently displayed on medication containers and reminded children that it was medicine and not something good to drink. Now the scale has tipped, and products for children often come in a variety of fruit or candy flavors that children like, but that removes their desire not to drink too much. There is some exploration of using transdermal patches to deliver medication, but these are often easily removed by the child unless they are on the child’s back. Few accurate comparisons of drug delivery using these different types of formulations for children are available. The goal of pediatric drug therapy is to obtain the desired therapeutic response without adverse effects. Although most drugs are not labeled for pediatric use, few are absolutely contraindicated. When children become critically ill, medications that might be considered risky for use may be required. The danger may come when health care prescribers estimate pediatric doses based on the adult doses. Case studies of these treatment decisions provide important information for clinicians. Some of the drugs that should be avoided in children include the following:




• Tetracycline—stains the permanent teeth when administered to children younger than 9 years


• Codeine and dextromethorphan—poor antitussives for infants who are vulnerable to respiratory depression. CYP 2D6 converts codeine to morphine, and this enzyme is not developed in very young babies.


• Aspirin—associated with Reye’s syndrome


• Valproic acid—higher incidence of liver toxicity in children younger than 2 years

















Adverse Drug Reactions in Children


The potential for drug–drug interactions and adverse effects is increased in very ill children and infants. Children may be exposed to drugs likely to cause adverse reactions in three major ways: (1) transplacentally, when the drug is administered to the mother during pregnancy and delivery; (2) through direct administration of the drug to the child; and (3) by ingestion of the drug in breast milk after the drug has been administered to a nursing mother (AAP, 2002). These three periods are the only stages in life during which one is exposed to and affected by drugs administered to another person: the mother (Katzung, Masters, & Trevor, 2009).


The incidence of adverse reactions in pediatric patients is unknown. Because of the fragility of young children and the complexity of their illnesses, their pharmacotherapy is frequently complicated by misadventure and adverse drug reactions that are unavoidable or difficult to assess. However, studies generally have found the rate of adverse reactions to be equal to that in adults. This rate may be as high as 5.8% of drugs administered to children, although the rate is higher if the child is hospitalized rather than ambulatory (Hansten & Horn, 2007). Because of their differences in morphology and in disease processes and treatments, young children experience a different range of adverse drug reactions. These reactions may not necessarily be predictable from the adult experience. Adverse drug reactions may have profound immediate, delayed, and long-term implications for the neurologic and somatic development of children (Katzung, Masters, & Trevor, 2009).


Drugs that affect the fetus transplacentally are discussed in detail in Chapter 6 on pregnant and breastfeeding women. The effects of adverse reactions from drugs administered during labor and delivery usually are easily noted and short-lived. Central nervous system depression in the newborn may result from analgesics or anesthetics. Excessive uterine stimulants are associated with anoxic encephalopathy, whereas excessive intravenous fluids may cause convulsions or electrolyte disturbances (Brunton, Chabner, & Knollman, 2010). Any drugs given to a premature infant or neonate while the liver is immature may potentially cause adverse reactions. The persistence of maternal hormones and drugs in the newborn’s bloodstream increases the risk of such interactions. (See the section on metabolism in Chapter 3 on pharmacokinetics.)


With younger children, it may be difficult to distinguish whether the child is having an adverse reaction, is experiencing symptoms of the underlying illness (Katzung, Masters, & Trevor, 2009), or is having a paradoxical reaction to a drug (such as hyperactive behavior with antihistamines or chloral hydrate and sleepiness with stimulants like Ritalin). Over-the-counter preparations (particularly antihistamines and adrenergic drugs found in various cough syrups, cold remedies, decongestants, and nose drops) also may provoke adverse reactions in pediatric patients. A broad spectrum of reactions may be seen, varying from minor hypersensitivity reactions to more serious problems with alterations in growth or damage to anatomic or physiologic systems, along with numerous other problems (Hansten & Horn, 2007). A list of adverse effects associated with commonly prescribed drugs is found in Table 5-1.




TABLE 5-1


Drugs Associated with Specific Adverse Effects in Infants and Children








	Drug

	Adverse Effect










	Iodides, corticosteroids

	Acne






	Penicillins, heparin, aspirin, parenteral iron, dextran preparations

	Anaphylaxis






	Aspirin, bethanechol, Mucomyst inhalation, epinephrine inhalation

	Asthma






	Barbiturates, minocycline, phenytoin, amikacin, streptomycin

	Ataxia






	Chloramphenicol, anticonvulsants, penicillins, hydralazine, sulfonamides, anticancer drugs

	Blood dyscrasias






	Penicillins (especially ampicillin), allopurinol, anticonvulsants, nitrofurantoin, sulfonamides, phenobarbital, anticancer drugs

	Cutaneous eruptions






	Furosemide, aspirin and other salicylates, vibramycin, gentamicin (auditory and vestibular)

	Damage to the eighth cranial nerve






	Odium and potassium penicillin salts, diuretics, salicylates, ammonium chloride, sodium bicarbonate, potassium chloride

	Electrolyte disturbances






	Tetracycline, hexachlorophene, phenothiazine

	Exaggerated sunburn






	Topical corticosteroids, ethambutol, thorazine, chloroquine

	Eye damage






	Antihistamines, atropine, other anticholinergic agents

	Hallucinations






	Atropine, bulk-forming laxatives, diphenoxylate

	Ileus, intestinal obstruction






	Isoniazid, rifampin, erythromycin estolate, acetaminophen, sulfonamides, methyldopa, chlorpromazine

	Liver damage






	Penicillamine, trimethadione, probenecid

	Nephrotic syndrome






	Isoniazid, vincristine, hydralazine, ethambutol

	Peripheral neuritis






	Penicillins, lead, salicylates, outdated tetracyclines, cephaloridine, anticonvulsants, gentamicin, streptomycin, amikacin, neomycin, kanamycin

	Renal damage






	Antihistamines, nasal decongestants, bronchodilators, central nervous system stimulants

	Restlessness, agitation, insomnia, excessive crying






	Anabolic steroids, adrenocorticosteroids, psychotropic drugs, central nervous stimulants, vitamins given in excess

	Suppression of growth






	Tetracyclines in children under 8 years

	Temporary suppression of bone growth, dental staining






	Carbenicillin, clindamycin, clofibrate, gold preparations, griseofulvin, iron

	Unpleasant taste, altered taste sensation
























Calculations of Pediatric Dosages


Simple approximated reduction in the adult dose is not a safe or effective way of calculating pediatric doses of many medications because of differences in pharmacokinetics in infants and children. The package insert provided by the manufacturer is the best source for pediatric dose recommendations. These recommendations are usually stated in milligrams per kilogram or per pound so the clinician is required to calculate the actual dose to be given. Special formulations for children may be confusing. For example, acetaminophen drops for infants are three times as concentrated as the oral liquid for children. This type of confusion caused inadvertent overdosing of cough and cold products for children under the age of 2 years and eventually led to their withdrawal from the market.


The Joint Commission’s National Patient Safety Goals and Medication Management Standards Sentinel Event Alert in early 2008 concluded that all procedures using ages or pounds for calculating drug dosages for children should be changed in order to reduce the risk of medication errors in children. All children of the same age are not the same size, so formulas that use age in their calculation should no longer be used.


Thus, two new recommendations regarding pediatric dosages have broad implications for change. First, The Joint Commission now recommends that all pediatric patients should be weighed in kilograms and that the use of kilograms should become the standardized weight used for prescriptions, medical records, and communication. Pediatric patients are not to be given drugs classified as high risk until the patient has been weighed, unless it is a true emergency. Second, in addition to using pediatric-specific medication formulations and concentrations when possible, prescribers are asked to write out how they arrived at the proper dosage, as dose per weight, so the calculation can be double checked by a pharmacist, a nurse who is giving the drug, or both.


The pediatric dosage rule based on kilograms (Clark’s Rule) should dictate future drug dosage orders. The child’s weight is divided by 2.2 to convert it to kg; the average adult’s weight of 150 lb is also converted to kg and is about 70 kg. The calculation is a ratio and proportion process where the adult weight compared to the adult dosage is proportional to the child’s weight compared to the child’s dosage or


Adult weight kg:Adult dosage::Child's weight:×(Child's dosage)




[image: image]





This rule is shown as:


Weight of child in kg/Weight of adult in kg×Adult's dose=Child's dose




[image: image]





Calculations of dosage based on weight are conservative and tend to underestimate the required dose. A technique that more closely approximates the recommended dosage is based on body surface area (BSA). If manufacturers recommend that BSA should be used for calculating the medication dosage, a nomogram for calculating a child’s BSA (Figure 5-1) may be included in the package. The reliability of the BSA method rests on the accuracy with which the BSA is calculated. Critics of the method maintain that the errors inherent in determining BSA make this method less reliable than dosage based on accurate weights.




[image: image]


FIGURE 5-1 Body surface area (BSA) is indicated where the straight line that connects height (on the left) and weight (on the right) intersects the BSA column or, if the patient is larger than average size, by weight alone (enclosed area). (Modified from data by Boyd E, West CD. In Kliegman RM et al: Nelson textbook of pediatrics: expert consult premium edition, ed 19, St Louis, 2011, Saunders).








When the prescribed drug has a wide therapeutic index and is dosed on a per-kilogram basis, weight can be estimated within 10% of the patient’s actual weight without greatly influencing the final dosage. Once a patient weighs 40 to 50 kg (88 to 110 lb), it is time to switch to an adult dose. It is mandatory for the clinician to look at weight-based dosage calculations repeatedly. If the calculated dosage exceeds the usual adult dosage, recheck your numbers. Remember, sometimes a child’s dosage will exceed an adult’s because of his faster metabolic rate.


Another common source of error in children’s dosage is failure to divide the total daily per-kilogram dose by the number of doses to be given in a day, thereby mistaking it for an individual dose that needs to be repeated.








Pediatric Formulation Variables


The form in which a drug is manufactured and the way in which the parent gives the drug to the child determine the actual dose to be administered. Most oral drugs in soluble solutions are readily absorbed from the GI tract. Solid oral dosage forms (i.e., tablets, capsules, and powders) cannot cross the GI membrane until they have been dissolved in the GI fluids. If dissolution is extremely slow, a portion of the drug will be lost in the feces (Katzung, Masters, & Trevor, 2009). A slow dissolution rate increases drug exposure to gastric acid, thereby increasing the risk of degradation. Some drugs, such as erythromycin estolate, are esters that cannot be absorbed until they have been converted by intestinal enzymes. Infants with immature intestinal enzyme function may be unable to convert these drugs; thus, they may be lost in the feces (Brunton, Chabner, & Knollman, 2010).


Many drug preparations for children are provided in the form of elixirs or suspensions. Elixirs are alcoholic solutions in which the drug molecules are dissolved and evenly distributed. No shaking is required, and unless some of the vehicle has evaporated, the first dose from the bottle and the last dose should contain equivalent amounts of drug (McCance & Heuther, 2009).


Suspensions contain nondissolved particles of drug that must be distributed throughout the vehicle by shaking. If shaking is not thorough each time a dose is given, the first doses from the bottle may contain less drug than the last doses, with the result that less than the expected plasma concentration of the drug may be achieved early in the course of therapy. This will result in decreased drug effectiveness. Conversely, toxicity may occur late in the course of therapy, when unexpectedly high doses are given. This uneven distribution is a potential cause of inefficacy or toxicity in children who are taking phenytoin suspensions (Edmunds, 2013).


Health care personnel or parents who crush or mix medication with other products may increase drug palatability but make changes that affect the pharmacokinetic properties of the drug. It is particularly common for parents to mix medication with infant cereal, applesauce, or even formula. (This is a problem because there can be no guarantee that the child will eat or swallow all of the food.) Thus, it is essential that the prescriber know the form in which the drug will be dispensed and that he provide proper instructions to the pharmacist and to the patient or parent (McCance & Huether, 2009). Timed-release oral drugs are specially formulated to promote slow absorption over a period of several hours, when a prolonged duration of action is desirable. Some Dilantin capsules and antihistamine combination products are available as timed-release products for children. Evidence suggests that these products are often erratically absorbed and may be susceptible to changes in gastric pH and GI motility (McCance & Huether, 2009).


Difficulties in intramuscular absorption caused by decreased muscle mass and poor blood flow have already been discussed; however, it should also be mentioned that drugs in aqueous vehicles are rapidly absorbed from the muscle. Other drugs in poorly soluble vehicles that are incompletely absorbed include digoxin, diazepam, and phenytoin. In fact, not only are some of these drugs painful when administered intramuscularly, but often they precipitate at the injection site and are gradually redissolved or are removed by phagocytosis. Other poorly absorbed drugs include ampicillin, cephradine, and dicloxacillin (Yaffe & Aranda, 2010).


Administration of medication through buccal and sublingual routes avoids drug destruction by GI fluids and the liver. However, the effectiveness of this form of delivery depends on whether the child is old enough to keep the drug in contact with the absorbing membrane and whether he can refrain from swallowing or chewing the tablet until it is completely dissolved. Because most drugs administered by these routes produce an unpleasant taste and mild irritation (Edmunds, 2013), even older children may not be able to cooperate with this route of administration.


Pediatric suppositories and rectal solutions are common forms of drug administration, particularly for neonates. However, absorption in older children is very slow and highly unreliable and may produce substantial bowel irritation. Although it is difficult to control the amount of medication that is actually absorbed, this route avoids destruction of the medication by GI products and the liver. The presence of feces in the bowel limits absorption, presumably by limiting drug access to the absorbing membrane. Drug absorption is terminated if the child defecates (Edmunds, 2013). Additional research on rectal administration suggests that aminophylline retention enemas permit better dosage control than is achieved when the same drug is administered as a rectal suppository and that inflammation of the colon increases the amount of hydrocortisone absorbed as a retention enema (McCance & Huether, 2009).


The pulmonary epithelium and the respiratory tract mucosa allow rapid passage of volatile liquids, gases, aerosol preparations, and isoproterenol. Although pulmonary dosage is irritating to the mucosa and difficult to regulate, the rich blood supply, extensive absorbing surface area, and high permeability of the respiratory tract aid in the absorption of large amounts of medication. If the child is able to hold his breath after aerosol nebulization, effective dosage may be achieved. Otherwise, medication may be lost when it goes into the mouth and is swallowed and excreted (Edmunds, 2013).


Many drugs used in pediatric patients are not available except in injectable form. Drugs such as atropine, digoxin, epinephrine, morphine, phenobarbital, and phenytoin must be diluted, and a dosage must be used that is smaller than that intended for adult patients. Dilution of some products may alter the bioavailability or compatibility of drugs. If multiple drugs are administered through the same site, additional problems of drug interactions may be seen. Children may develop toxicity from some ingredients used in drug preservatives or stabilizers (Edmunds, 2013). Errors that occur in the calculation of the parenteral dosage, the dilution of the product, or even the administration of very small dosages may produce potentially dangerous consequences.


Ophthalmic absorption of medication is promoted by measures that increase the amount of drug that the eye can retain and that increase the length of time the drug is in contact with the absorbing membrane. Thus, ointments that cover the eye with an oily film provide higher dosages than ophthalmic drops (Edmunds, 2003). Little children are usually very intolerant of eye drops, and efforts to get a little child to hold his head back during instillation, to close his eyes, or to refrain from blinking are rarely successful. Ocular inflammation or injury decreases the blood–aqueous humor barrier, thereby increasing absorption of many ophthalmic drugs (Brunton, Chabner, & Knollman, 2010). Ophthalmic absorption is so great that in premature babies the extent of absorption could potentially lead to systemic toxicity.


Nasal solutions often are well absorbed across the nasal and sinus mucosae. However, infants and young children are likely to swallow these preparations, even when the child’s head is held in the lateral head low position.




















Status of Drug Dosing and Policy Regarding Children


An area of considerable attention, research, and change is that involving research on drug dosing for children. In 1995, the AAP reported that for only a small proportion of all drugs and biologic products marketed in the United States were clinical trials performed in pediatric patients, and most marketed drugs were not labeled for use in pediatric patients or for use in specific pediatric age groups. An FDA survey similarly concluded that for most products indicated for diseases occurring in both adults and children, little information about pediatric use was provided in the labeling (Cuzzolin et al, 2006; Noah, 2009). For vaccines and antibiotics, pediatric use information is generally adequate, but many drugs used in the treatment of both common childhood illnesses and more serious conditions carry little information about use in pediatric patients. Data on the pharmacokinetics, pharmacodynamics, efficacy, and safety of drugs in infants and children are even more difficult to find. For example, an FDA report demonstrates that less than half the drugs approved for treatment of HIV infection or accompanying opportunistic infections carry any pediatric safety or effectiveness information (Cuzzolin et al, 2006). For drugs that do have pediatric information, the data are often incomplete and are limited to certain pediatric age groups. Pediatric labeling is also particularly inadequate for such drug classes as antidepressants, antihypertensives, antirheumatic drugs, medications to treat GI problems, steroids, prescription pain medications, and drugs to treat ulcerative colitis (Burns et al, 2013).


Many of the drugs and biologic products most widely used in pediatric patients carry disclaimers stating that safety and effectiveness in pediatric patients have not been established (Burns et al, 2013). Clearly, the term children as used in much of the pharmaceutical literature refers to a group with widely differing members. Thus, safety and effectiveness information about some of these group members may not be valid for other group members, and attempts to generalize from one category to another may result in drug errors. The unique differences in neonatal, as opposed to adolescent, drug response are obvious, but subtle changes in the response to drugs occur throughout the total growth and developmental cycle.


An evaluation of available pharmacologic recommendations for children reveals that for some pediatric age groups, information is particularly sparse. For example, for most drug classes, almost no information is available on use in patients younger than 2 years of age. The FDA compiled a list of the 10 drugs that were most widely prescribed for pediatric patients on an outpatient basis. These drugs included albuterol inhalation solution, Phenergan, ampicillin injections, Auralgan otic solution, Lotrisone cream, Prozac, Intal, Zoloft, Ritalin, and Alupent syrup. In each case, the drug label lacked any use information for the age group for which the drug was prescribed, or the information was inadequate. These 10 drugs were prescribed more than 5 million times in 1 year for pediatric patients in age groups for which the label carried a disclaimer or lacked adequate use information (Cuzzolin et al, 2006).


The absence of pediatric labeling information may sometimes require the health care provider who is caring for children to choose between prescribing drugs without well-founded dosing and safety information and using other, potentially less effective therapies. Inadequate pediatric labeling thus exposes children to the risk of unexpected adverse reactions or treatment that is less than optimal. Even after a drug has been used in pediatric patients for some time, and clinical experience with the drug is substantial, directions for safe and effective use in pediatric patients are not provided on the label (Bond, Woodward, & Ho, 2012; Ghaleb et al, 2010).


Children were formerly viewed as a population entirely distinct from adults, in whom the safety and effectiveness of a drug had to be established entirely independently. The reality of drug use in children has made a difference. It has become increasingly accepted that children may be considered a demographic subpopulation with many similarities to the adult population. In some cases, drugs and biologic products behave similarly in demographic subgroups, including age and gender subgroups, even though some variations in pharmacokinetics may be seen.


Clearly, some difficulties are associated with testing of drugs in the pediatric population. These include, among others, ethical issues surrounding difficulty in recruiting study patients, obtaining informed consent for tests not directly of benefit to the child, use of placebo controls in a vulnerable population, and possible discomfort and risk to the child. Because of these problems, researchers who wish to conduct studies that include children have had difficulty receiving approval from many institutional review committees (McCance & Heuther, 2009). Failure to conduct pediatric testing may therefore deprive pediatric patients, in some cases, of significant therapeutic advances. Therapeutic orphans is the term that was coined to refer to drugs that lack sponsorship for use in children.


Although use of a particular drug in children is no longer considered a new indication (with the exception of specific pediatric indications), additional information on pediatric patients is needed if appropriate dosing recommendations are to be provided. The correct pediatric dose cannot necessarily be extrapolated from adult dosing information using an equivalence based on weight milligrams per kilogram (mg/kg) or on body surface area (mg/square meter [m2]), although these are the current methods used to calculate drug dosage. Because potentially significant differences in pharmacokinetics may alter a drug’s effect in pediatric patients, dosing is much less precise.


The effects of growth and development of various organs, maturation of the immune system, alterations in metabolism throughout infancy and childhood, changes in body proportions, and other developmental changes may result in significant differences in the doses needed by pediatric patients and adults (Katzung, Masters, & Trevor, 2009). For example, studies have shown that fentanyl, a potent opioid widely used in the anesthetic management of infants and small children but not labeled for use in pediatric patients younger than 2 years of age, exhibits differences in clearance between the neonatal period and 2 or more months of age, resulting from improving hepatic blood flow and hepatic microsomal maturation (DiPiro et al, 2011). Comparable doses in adults and neonates (calculated on a mcg/kg basis) produce a twofold to threefold higher plasma concentration in neonates. Again, development of the gray baby syndrome after chloramphenicol was administered to infants with immature livers was directly related to decreased metabolism of this drug by the glucuronyl transferase that could convert it to the inactive glucuronide metabolite. Pharmacokinetic differences of this type demonstrate the importance of studying the pharmacokinetics of a drug in pediatric patients and in different ages before children are widely exposed to it.


Inadequate dosing information may cause pediatric patients to be exposed to dangerously high doses or to ineffective treatment. This dramatically increases the probability of adverse reactions. Historical cases in which inadequately studied drugs have resulted in serious adverse effects in pediatric patients include teeth staining from tetracycline, kernicterus from sulfa drugs, withdrawal symptoms following prolonged administration of fentanyl in infants and small children, seizures and cardiac arrest caused by bupivacaine toxicity, development of colonic stricture in pediatric patients with cystic fibrosis after exposure to high-dose pancreatic enzymes, and hazardous interactions between erythromycin and midazolam (Nathan et al, 2003).


Other factors also may interfere with the appropriate drug dosing of children. Many drugs widely prescribed for infants and children are not available in a suitable dosage form for children. Examples include phenobarbital, acetazolamide, and rifampin. When these products are altered to be given to children through dilution or reformulation, questions must be raised about their stability and compatibility. The problems associated with intravenous infusion of medications are compounded by the need for low fluid volumes and by limited access to intravenous sites (Burns et al, 2013). Failure to develop a pediatric formulation may deny pediatric patients access to important therapeutic advances or may require pediatric patients to take the drug in homemade or poorly bioavailable formulations (Cuzzolin et al, 2006).


The absence of pediatric testing may thus result in less than optimal treatment for many pediatric patients (Kleigman et al, 2011). Although significant progress has been made in the area of pediatric pharmacokinetics over the past several decades, few studies have correlated pharmacokinetics with pharmacodynamics.


In late 1994, the FDA amended its regulations governing the content and format of labeling for human prescription drug products. The final rule revised the “Pediatric Use” subsection of the professional labeling requirements for prescription drugs to provide for the inclusion of more complete information about use of a drug in the pediatric population (ages birth to 16 years). The final rule, which applies to prescription drug products, including biologics, recognized several methods of establishing substantial evidence to support pediatric labeling claims. This includes, in certain cases, relying on studies carried out in adults. This final rule also requires that if no substantial evidence supports any pediatric use or use in a particular pediatric population, the labeling shall state this. Drug company sponsors were required to reexamine existing data on their products to determine whether the “Pediatric Use” subsection of the labeling for drugs already being marketed can be modified based on already adequate and well-controlled studies in adults. In such cases, the FDA will have concluded that the course of the disease and the positive and negative effects of the drug are sufficiently similar in the pediatric and adult populations to allow extrapolation from adult efficacy data to pediatric patients. Other information supporting pediatric use must ordinarily include data on the pharmacokinetics of the drug in the pediatric population for determination of appropriate dosage. In some cases, companies will be required to submit a supplemental application to comply with new drug labeling requirements to show that the drug can be used safely and effectively in pediatric patients.


The specific labeling required by the FDA under the “Pediatric Use” subsection of the labeling says as follows:


The safety and effectiveness of (drug name) have been established in the age groups to (note any limitations [e.g., no data for pediatric patients under 2, or only applicable to certain indications approved in adults]). Use of (drug name) in these age groups is supported by evidence from adequate and well-controlled studies of (drug name) in adults with additional data (insert wording that accurately describes the data submitted to support a finding of substantial evidence of effectiveness in the pediatric population).


(u.s. fda, 1994)


If appropriate, under the “Clinical Pharmacology,” “Contradictions,” “Warnings,” “Precautions,” and “Dosage and Administration” sections, additional and specific information might be provided as a “Pediatric Use” subsection.


After looking at all drugs for which at least 50,000 prescriptions/year are used in pediatric patients, the FDA compiled a list of drugs for which additional pediatric information could produce health benefits in the pediatric population. Drugs with “meaningful therapeutic benefit” over existing treatments and those that are widely used in pediatric populations are now required to undergo specific pediatric studies, which should be completed by the drug manufacturing company before they may be marketed (FDA, 1994). The new rules for testing were designed to provide more pediatric use information in the labeling of drugs. This will help practitioners to obtain reliable information on which they can base decisions to prescribe a drug for use in pediatric patients. It is not intended to limit the manner in which a practitioner may prescribe an approved drug.


In 1997, the Pediatric Exclusivity Program approved by Congress authorized the FDA to grant 6-month extensions of marketing rights when pharmaceutical companies complete FDA-requested pediatric trials. The indications studied included asthma, tumors, attention-deficit/hyperactivity disorder, hypertension, depression/generalized anxiety disorder, diabetes mellitus, gastroesophageal reflux disease, bacterial infection, and bone mineralization. One third of the drugs tested had different effects in children than in adults. Of 59 drugs, 12 were found to be ineffective in children, 5 required dosing changes, and trials in 9 resulted in new safety information for children. Since the program began, 300 drug studies in children have resulted in 122 drug labeling changes for pediatric use. Of note is the “black box” warning that was added to certain antidepressants and a drug for hepatitis because pediatric studies indicated increased risk for suicidal thoughts or behavior (Li et al, 2007).


Overall, tremendous progress has been made over the past decade in the area of collecting information about drug prescribing in children. FDA regulations have continued to upgrade the extent of labeling of drugs with pediatric information, and substantial progress has been made. Legislation requiring even greater details on the professional labeling of medication was passed in 2009, but compliance has been slow and no new labels have been released to date.














Special Compliance Problems in Children


Compliance may be more difficult to achieve in pediatric patients than in other individuals because it involves not only the parents’ conscientious efforts to follow directions but also such practical matters as measuring errors, spilling, and spitting out. For example, because the measured volume of “teaspoons” ranges from 2.5 to 7.8 ml (Brunton, Chabner, & Knollman, 2010), parents should obtain a calibrated medicine spoon or syringe from the pharmacy for dosing small children. These devices improve the accuracy of dose measurements and simplify administration of drugs to children.


When one is evaluating compliance, it is often helpful to ask if an attempt was made to give another dose of medicine after the child spilled part of what was offered. Parents may not always be able to say with confidence how much of a dose the child actually received. Parents must be told whether to wake the baby for his every-6-hour dose day or night. These matters should be discussed and made clear, and no assumptions should be made about what the parents may or may not do. Compliance problems frequently occur when antibiotics are prescribed to treat otitis media or urinary tract infection and the child feels well after a few days of therapy. Parents may also feel that the child is well and may stop giving the medicine, even though it was prescribed for 10 or 14 days. This common situation should be anticipated so that parents can be told why it is important to continue the medicine for the prescribed period even if the child seems to be “cured.”


Practical and convenient dosage forms and dosing schedules should be chosen to the extent possible. The easier it is to administer and take the medicine and the easier the dosing schedule is to follow, the more likely it is that compliance will be achieved.


Consistent with their ability to comprehend and cooperate, children should be given some responsibility for their own health care and for taking medications. This should be discussed in appropriate terms with both the child and the parents. This is particularly true with chronic problems such as asthma, diabetes, and arthritis. Possible adverse effects and drug interactions with over-the-counter medicines or food also should be discussed. Whenever a drug does not achieve its therapeutic effect, the possibility of noncompliance should be considered. Ample evidence suggests that when noncompliance with the prescribed regimen is a big factor in a child’s not getting well, parents’ or children’s reports about their compliance may be grossly inaccurate. Random measurement of serum concentrations and pill count may help to disclose noncompliance (McCance & Huether, 2009). Computerized pill containers that record each lid opening have been shown to be very effective in measuring compliance.


Although not really considered a compliance issue by many, research reveals a commonly overlooked cause of adverse drug reactions in children. More and more kids are showing up in the emergency room after accidental poisoning from prescription drugs. The findings show that powerful painkillers and sedatives, including sleep aids and muscle relaxants, are behind much of that rise in ER visits and that the poisonings usually occur when children get into medications themselves, and not when parents give them too much by mistake (Bond, Woodward, & Ho, 2012).














Summary


Working with children is a rewarding experience. However, the clinician’s responsibility for accuracy and careful monitoring and record keeping is even greater with children than with other patient populations. Their physical and developmental immaturity often presents a vulnerability and risk that allow little margin for error.





















Chapter 6


Special Populations


Pregnant and Nursing Women
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Providing drug therapy to pregnant or lactating women poses a unique challenge for health care practitioners. Because these patients represent a state of duality, the clinician who prescribes a drug for them must always consider the impact of that treatment on the developing fetus or infant. Hence the benefit of any drug to a pregnant patient must be carefully weighed against the potential teratogenic risk to the fetus. In the lactating mother, the choices between premature weaning (before the age of 1 year), temporarily interrupting breastfeeding, or breastfeeding while taking medication must be carefully weighed against the benefits of breastfeeding and the deleterious effects of early weaning. Because controlled clinical trials cannot be conducted in pregnant women, literature support of current practice is based on historical data, case reports, and animal research trials. Much of the literature in this area is based on case reports and drug research, but it may not be evidence based in nature (AAFP, 2002; AAP, 2001; McPhee, Papadakis, & Rabow, 2012).


During pregnancy, the clinician must be aware of the changing physiologic characteristics of the patient throughout gestation, as well as those of the growing fetus. Additionally, although multiple factors may affect the teratogenicity of a drug, one of the most important is the timing of the drug exposure. Three stages of development are generally considered when the teratogenic potential of a drug is assessed (Briggs, 2011; Koren, 2006): the 2 weeks after conception and before implantation (the preimplantation phase), the embryonic period (weeks 3 through 8), and the fetal period (weeks 9 through delivery). In the past, clinicians have overestimated the ability of the placenta to protect the fetus, and in fact, the term placental barrier is a misnomer in that the placenta allows the crossing of most drugs and dietary substances.


For the breastfed infant, the provider must understand the dynamics between the mechanisms of the drug’s entry into mother’s milk and what happens once the infant ingests it, taking into account the infant’s age, health status, and ability to metabolize and excrete the medication. Primarily, medication transfers into human milk through a concentration gradient that allows passive diffusion of free (non–protein-bound) and nonionized medication. Different choices and greater caution may be needed in infants younger than 1 week old, premature infants, and compromised infants with health problems because they may have a lessened ability to tolerate, metabolize, or excrete medications. Finally, more medication transfer occurs during the early postpartum period because of large gaps between the mammary alveolar cells, but less transfer occurs during the weaning process because of a decrease in the milk supply caused by nursing sessions that are shorter or fewer (Koren, 2006).


Overall, what the mother consumes is also consumed by the fetus or infant, with the exception of large organic ions such as heparin and insulin. In fact, virtually all (99%) drugs cross the placenta, and most medications penetrate human milk to some degree (Hale, 2012; Shephard & Lemire, 2007). Ideally, the pregnant or lactating woman should take as few drugs as possible, although exposure is usually more significant for the developing fetus than for the breastfeeding infant. Usually breastfeeding infants have less exposure because the concentrations of most medications in human milk are extraordinarily low, and with few exceptions, the dose delivered to the nursing infant is subclinical (Hale, 2012). Frequently, however, some form of drug therapy is necessary to treat the physiologic and hormonal changes that occur during pregnancy and postpartum, symptoms produced by the expanding uterus or functioning breast, and/or concomitant illnesses such as asthma, upper respiratory infection, epilepsy, or diabetes mellitus. Clinicians in the primary care setting should anticipate such complaints and should be prepared to treat patients appropriately.


Unfortunately, despite the obvious need for drug therapy and the prevailing apprehension about using drugs in these special populations, clinicians may not be aware of information that is available to help them make astute clinical decisions. Because of the medicolegal implications of treating pregnant women and infants, pregnant women have been excluded from most clinical drug trials. Hence, evidence is insufficient regarding the safety and efficacy of many drug therapies during pregnancy. Notably, very few drugs have been granted FDA approval for use during pregnancy, and drugs that can be used during lactation are just being categorized. Thus, drugs for pregnant or lactating patients must be selected based on safety data derived from animal research and clinical data generated from case reports, retrospective case-control trials, and personal experience. What’s more, during lactation the care given to mothers may be confounded by breastfeeding misinformation. Consequently, to provide the most astute and contemporary care, those who treat the breastfed infant or the pregnant mother may have to consult the most accurate and up-to-date resources available. This includes using both telephone consultations and Internet resources for assistance in choosing the most appropriate medication (Box 6-1).





BOX 6-1   Sources of Information on Potential Teratogens


Computerized Databases







American Academy of Pediatrics. Available at www.aap.org


The Organization of Teratology Information Services (OTIS). Available at www.otispregnancy.org


Repro-Tox, Columbia Women’s Hospital, Washington, DC, 202-293-5138


Teratology Information System (TERIS), Department of Pediatrics, University of Washington, Seattle, Washington


TOXLINE, National Library of Medicine, Bethesda, Maryland








Lactation







Breastfeeding and drugs information, University of California San Diego, 900-226-7536


Hale T: Medications in mothers’ milk, ed 14, Oklahoma City, OK, 2012, Hale Publications.


Tom Hale’s lactation registry:


http://neonatal.ama.ttuhsc.edu/lact/


www.ibreastfeeding.com


Lawrence R: Breastfeeding: a guide for the medical professional, ed 7, St Louis, 2012, Mosby.


Newman J, Pitman T: Dr. Jack Newman’s guide to breastfeeding, Toronto, 2009, HarperCollins Publishing Canada.


















Drugs in Pregnant Women



Incidence





Although the ideal condition may be the avoidance of any medications or chemicals during pregnancy, the FDA website reports that 90% of pregnant women have or develop medical problems that require them to take more than one prescription drug during pregnancy (Shephard & Lemire, 2007). According to its website, the average patient uses five to nine different drugs during pregnancy; 4% of pregnant women take more than 10 drugs during pregnancy; and 65% of women admit to self-administration of drugs during pregnancy. Additional research has demonstrated that the extent of fetal exposure to drugs may be vastly underestimated; patient medical charts reveal less than one fourth of the drugs actually consumed by the patient (Briggs, 2011; Koren, 2006; Gabbe et al, 2012).














Principles of Teratology: Incidence and Types of Malformations


The desire for a healthy baby is universal. Mothers cannot help but worry about the health of their unborn child. Regardless of the mother’s concerns, many factors not under her control may influence the outcome of the pregnancy. Information about the thalidomide tragedy in the early 1960s, fueled by regulatory agencies, lawyers, and the public, has stimulated an intense search for the origin, prevention, and treatment of congenital malformations (Briggs, 2011). However, although vigilance in this area has been heightened, most knowledge about the effect of different drugs on the fetus comes from the experience and observation of clinicians—not from scientific research.


Congenital malformations occur in many different forms, and their incidence varies widely. The incidence of major malformations in the general population is usually quoted as 2% to 3%, or 20 to 30 per 1000 live births. This translates into 200,000 birth defects annually (Schardein & Macina, 2006). Major malformations are those that are incompatible with survival (e.g., anencephaly) or that require major surgery for correction (e.g., cleft palate, congenital heart disease). If minor malformations are included (e.g., ear tags, extra digits), the rate of occurrence may be as high as 10% (Briggs, 2011). Congenital malformations account for about 14% of all infant deaths. Problems that arise during fetal development or within 1 month after birth account for two thirds of all infant mortality in this country (Gabbe et al, 2012; Schardein & Macina, 2006).


Although much attention has been paid to the causes of obvious physical deformities, growing research suggests that concern should extend to events beyond the narrow limit of congenital anatomic malformations. Evidence suggests that future intellectual, social, and functional development of the unborn child also may be adversely affected. In particular, toxic manifestations of intrauterine exposure to drugs may be subtle, unexpected, and delayed.


Common lore blames drug exposure of the pregnant mother for any type of fetal damage that occurs. However, less than 5% of congenital malformations are probably related to drugs (Briggs, 2011). Only 19 drugs or groups of drugs have been identified as probable teratogenic agents in humans (Table 6-1). This contrasts with the almost 1000 teratogens that have been identified for laboratory animals (Schardein & Macina, 2006). This public misperception probably grew from media attention that surrounded the extreme fetal deformities that occurred as part of the thalidomide tragedy of the 1960s.






Table 6-1


Drugs Considered to Be Teratogenic in Humans








	Drug

	Major Defects










	ACE inhibitors

	Fetal renal dysplasia, fetal limb contractures, craniofacial deformities, hypoplastic lung development, fetal skull ossification defects






	Antithyroid compounds, iodine

	Hypothyroidism, goiter, scalp defects






	Antibiotics

	 






	Aminoglycoside

	Ototoxicity, eighth nerve






	Tetracycline

	Staining of teeth, hypoplasia enamel, inhibition of bone growth






	Cephalosporins (cefaclor, cephalexin, cephradine)

	Possible minor abnormalities






	Anticancer agents

	Polymorphic






	methotrexate

	Multiple congenital anomalies, cranial and malformation of extremities






	Androgenic hormones

	Masculinization, clitoromegaly, labial fusion






	isotretinoin, etretinate

	Structural anomalies 25%; mental retardation 25%; craniofacial, cardiac, thymic, CNS abnormalities; ear, mouth, and eye abnormalities; great vessel transposition of heart, ventricular septal defect






	thalidomide

	Severe limb, ear abnormalities






	Antiepileptics

	Double risk malformations: cleft lip, palate, cardiac






	phenytoin

	Fetal hydantoin syndrome: craniofacial, appendicular, cardiac, and skeletal, motor, and mental deficiency






	lamotrigine

	Congenital anomalies and seizure disorders






	primidone

	Microcephaly, cardiac, facial, mental deficiency






	tegretol

	Dysmorphic






	valproic acid

	Neural tube defect, spina bifida, facial defects






	carbamazepine

	Craniofacial, digital, neural tube defects






	Coumarin anticoagulants

	Nose, skeleton, CNS, ophthalmologic abnormalities, mental retardation






	Alcohol

	Fetal alcohol syndrome: facial, microcephaly, mental retardation, CNS dysfunction






	Methadone

	Facial, cardiac, urogenital, mental, and speech impairment






	diethylstilbestrol (DES)

	Uterine adenosis, cancer in females, accessory gonadal lesions in males






	penicillamine

	Skin hyperelasticity






	Vitamin A analogs

	Craniofacial, cardiac, CNS, thymic, mental retardation






	Cocaine

	Cardiovascular, CNS, neurologic defects









From Schardein JL, Macina OT: Human developmental toxicants: aspects of toxicology and chemistry, New York, 2006, CRC; Gabbe SG et al: Obstetrics—normal and problem pregnancies, ed 5, New York, 2012, Churchill Livingstone, Inc.











Thalidomide


Thalidomide is a central nervous system depressant that was used as a sedative-hypnotic agent and to reduce the nausea and vomiting of pregnancy. As many as 10,000 children were reportedly deformed as the result of use of this drug in as many as 30 countries, although the confirmed number is closer to 8000. The thalidomide episode focused the attention of both the scientific community and the lay community on the question of safe drug use in pregnant women. This drug was said to increase the rate of dysmelia by 80%, up to a rate of about 3:1000 to 5:1000 births. The reported malformations resulted when thalidomide was taken on days 21 to 36 after conception (days 34 to 50 postmenses). The risk that a woman will have a malformed child following thalidomide ingestion has been estimated to range from 2% to 25%, and retrospective analysis suggests that the mortality rate is 45%. Today, much controversy surrounds thalidomide research in women affected by human immunodeficiency virus and rheumatoid arthritis (Gabbe et al, 2012; Schardein & Macina, 2006; Shephard & Lemire, 2007).














Determinants of Teratogenicity


The most important determinant of the teratogenicity of an agent is the timing of the drug exposure (Figure 6-1). Exposure to drugs during the preimplantation phase results in an all-or-none effect: The affected cells either die or are described as undifferentiated, or totipotential, meaning that if one cell is damaged, another can assume its function (Briggs, 2011; Schardein & Macina, 2006). During this period, no malformations can be induced because there is no cell differentiation to allow any selective toxic reaction. Exposure to a teratogen may be lethal to the ovum, or the ovum may regenerate completely after exposure to a sublethal dose. Thus, exposure during this time may kill the conceptus, and the patient may not realize that she is pregnant; however, if the pregnancy continues, the risk of congenital anomalies is not increased (Briggs, 2011).




[image: image]


FIGURE 6-1 Critical periods in human development. Periods most susceptible to teratogenesis are indicated in black; less sensitive stages are shown in white. (From Edmunds M: Introduction to clinical pharmacology,ed 7. St. Louis, 2012, Mosby.)








The most critical period in which drug exposure should be avoided is the embryonic period (weeks 3 through 8), during which major organogenesis occurs and the risk of inducing major malformations is greatest. The damage induced by a drug administered during this period will depend on what organ systems were forming during the time of exposure. Because many organ systems form in parallel, multiple congenital defects may result from one drug exposure. The classic teratogenic period in humans lasts from 31 days after the last menstrual period through 10 weeks from the last menstrual period (Briggs, 2011), which corresponds to the period of organogenesis (14 to 56 days).


After embryogenesis occurs, the organ structures continue to grow and mature physiologically during the fetal period (weeks 9 through term). During the fetal period (57 days to term), major malformations are not likely to occur, yet organ systems formed during the embryonic period may be damaged by exposure during the second or third trimester (Shephard & Lemire, 2007; Weiner & Buhimschi, 2003), and anomalies are more likely to involve functional aspects such as mental development and reproduction or fetal growth. Thus, exposure to a teratogen during this period may result in intrauterine growth retardation, and, because the central nervous system continues to develop throughout gestation, exposure may cause mental retardation or subtle, delayed behavioral effects.


The placenta plays an important role in determining the teratogenic potential of a drug, primarily by allowing drugs to reach the fetus but perhaps also by allowing for the biotransformation of drugs before they reach the fetal circulation. The surface area of the placenta increases during gestation, while placental thickness decreases. Both of these structural changes favor the transfer of chemicals to the fetus (Briggs, 2011). In fact, as was stated earlier, nearly all drugs readily cross the placenta, reaching fetal concentrations of 50% to 100% of those in the maternal circulation. Primarily, the physiologic processes that govern the passage of drugs across the placenta are the same as those that apply to the passage of drugs across any lipid membrane. Once the drug has crossed the placenta, it is in the fetal circulation. Several other physicochemical properties affect the rate and/or extent of placental transfer, including lipid solubility, protein binding, and pH of the mother and fetus (Briggs, 2011). Currently, little is known about the contribution of the placenta to the metabolism of drugs that pass through it. However, metabolic inactivation of drugs by the placenta appears to be of less clinical concern than is the potential for the placenta to metabolize less active compounds to toxic metabolites (Koren, 2006).


Several other factors that illustrate the principles of teratology include the following (Briggs, 2011; Gabbe et al, 2012; Schardein & Macina, 2006):




• Maternal-fetal genotype—Maternal absorption, metabolism, and distribution; placental transfer; and fetal metabolism characteristics unique to each maternal-fetal pair as a result of genetic heterogeneity influence fetal susceptibility to a potential teratogen. This is easy to understand when clinicians observe that for the same teratogen, some individuals will prove especially susceptible, whereas others will be unusually resistant.


• Dose-response relationships—The amount of medication taken often correlates with the observed response. Aberrant development may range from no effect at low doses to organ-specific malformations at intermediate doses to embryo-fetal toxicity at high doses. The extent of damage is also influenced by the stage of development and the route of administration.


• Specificity of agent—The extent of adverse environmental influences on developing tissues depends heavily on the agent involved. Some agents have greater teratogenic potential than others, resulting in part from factors such as drug dosage, maternal metabolism, and placental transfer.


• Drug interactions—Two teratogens administered separately may have a very different effect when given together. Induction or inhibition of enzyme systems and competition for binding sites caused by the two drugs may influence the levels of unbound and active teratogens.





Finally, the response of the fetus to an administered medication tends to differ from that of the mother. This may result from increased blood-brain permeability and the immaturity of liver enzymes in the fetus.














Determining the Teratogenic Potential of Drugs


In general, animal models predict poorly whether a drug or chemical is a human teratogen, and it is extraordinarily difficult to directly extrapolate findings in animals to pregnant women (Gabbe et al, 2012). As clinicians gain experience with a drug, case reports may provide the first evidence that an agent is teratogenic in humans. Although human investigations are necessary to demonstrate that an agent is teratogenic, such studies are not informative until the agent has already damaged many children (Gabbe et al, 2012). For the best sources of information on potential teratogens, to report or investigate an exposure, or to obtain a list of current pregnancy exposure registries, see Box 6-1.














Counseling Pregnant Patients About Drug Use


The safe use of a drug in a single pregnancy or even in a large number of pregnancies does not ensure that the drug is safe in all pregnancies (Briggs, 2011). Very few drugs can be declared “safe in pregnancy.” The present state of knowledge does not allow prediction with any degree of certainty as to when a particular drug will prove teratogenic to a particular fetus. References can describe only relative risks for a specific population—not specific risks for specific patients (Briggs, 2011). To help quantify the measure of risk that a drug presents to the fetus, the FDA developed a classification scheme to aid in the selection of drug therapy for pregnant women, and all drugs must be labeled with an FDA pregnancy category rating (Table 6-2). These standard ranking of drugs for risk in pregnant and nursing women have been criticized as being confusing and oversimplistic and sometimes leading to errors. Beginning in 2008 the FDA drafted proposed rules change that would require drug manufacturer companies to comply with new product labeling guidelines. These guidelines would include data from pregnancy registries created to monitor response to drugs, as well as a concise narrative describing both risks and strategies to reduce unintentional exposures. The pregnancy labeling will replace the brief risk category labeling used now and include a clinical management statement, a summary risk assessment, and a discussion of data, with available human data presented before animal data (www.FDA.gov/, 2012).




TABLE 6-2


Pregnancy Category Ratings








	Category

	Description










	A

	Adequate, well-controlled studies in pregnant women have not shown an increased risk of fetal abnormalities. The possibility of fetal harm appears remote.






	B

	Animal studies have revealed no evidence of harm to the fetus; however, no adequate and well-controlled studies in pregnant women have been conducted.
Or Animal studies have shown an adverse effect, but adequate and well-controlled studies in pregnant women have failed to demonstrate a risk to the fetus.






	C

	Animal studies have shown an adverse effect, and no adequate and well-controlled studies in pregnant women have been conducted.
Or No animal studies have been conducted, and no adequate and well-controlled studies in pregnant women have been conducted. Give drugs only if the potential benefit justifies the potential risk to the fetus.






	D

	Studies, adequate well-controlled or observational, in pregnant women have demonstrated a risk to the fetus. However, the benefits of therapy may outweigh the potential risks. Give only if the drug is needed for a life-threatening situation or a serious disease for which safer drugs cannot be used or are ineffective.






	X

	Studies, adequate well-controlled or observational, in animals or pregnant women have demonstrated positive evidence of fetal abnormalities. Use of the product is contraindicated in women who are or may become pregnant.









From Meadows M: Pregnancy and the drug dilemma, FDA Consumer Magazine, 2001 (Available at www.fda.gov/fdac/features/2001/301_preg.html#categories).





Additionally, several textbooks and computer online services are available to assist clinicians in determining the teratogenic potential of a drug. Several sources of information can be used to help the clinician determine whether an agent has known teratogenic potential. However, for most drugs, the information needed to make such a determination is insufficient. Ultimately, the decision about whether to prescribe a drug to a pregnant woman should be made only after a thorough discussion has taken place between the patient and her health care provider. The benefits of the drug to the mother must be weighed against the risk potential to the developing fetus.


The ideal time to counsel women regarding drug use during pregnancy is before conception because the critical time for problems to occur is before the woman knows she is pregnant. More and more women seek information from their health care providers before conception, hoping to prevent possible adverse effects. Clinicians should stress medication use for preventative purposes, as medically indicated, and only for those medications thought to be safe for continued use during pregnancy.


When a clinician discovers that a pregnant woman has been exposed to a dangerous drug, it is important to provide the patient with as much information as possible. First, determine whether the fetus was exposed during organogenesis; if so, refer the patient for a detailed ultrasonogram and to a perinatologist. If the exposure occurred outside organogenesis, then ordering an ultrasonogram to reassure the mother is an option. With drugs that have a high potential for fetal damage, the patient should be encouraged to make a thoughtful decision regarding whether to continue the pregnancy (Friedman & Polifka, 2007; Gabbe et al, 2012) (Box 6-2).





BOX 6-2   Counseling Pregnant Patients Who Have Ingested Medications or Chemicals


Information to Obtain from the Patient







Name(s) of the drug(s) or chemical(s) involved


Exact exposure date(s)


Exact date of the first day of the last menstrual period, to determine what organs were being formed during exposure(s)


Exact amount(s) to which the patient was exposed








Information to Give to the Patient







From 2% to 3% of all pregnancies result in major malformations. This is the expected natural incidence.


Drugs or chemicals may cause 4% to 5% of major malformations. Caffeine, nicotine, and alcohol in substantial quantities may be harmful, and their use should be stopped.


From 20% to 25% of all pregnancies are spontaneously terminated by completely undetermined factors.


Abortions are rarely indicated following exposure to drugs, chemicals, or environmental pollutants.

































Common Conditions Requiring Treatment During Pregnancy



Physiologic Changes





The physiology of pregnancy differs substantially from what is thought of as normal, and profound changes occur throughout gestation. As the uterus grows from the beginning of gestation to the end of pregnancy, it progressively occupies more room in the abdomen, pressing the digestive organs and diaphragm up toward the lungs.


Despite the many physiologic changes that occur during pregnancy that could theoretically affect absorption, bioavailability of the drug during pregnancy does not appear to be altered. Maternal blood volume increases by 30% to 40% (500 to 1800 ml) to support the requirements of the developing fetus. This may lead to decreased plasma concentrations of some drugs. Decreased albumin and α1-acid glycoprotein concentrations during pregnancy will result in decreased protein binding for highly bound drugs. For drugs metabolized by the liver, this can result in misinterpretation of total plasma concentrations of low–extraction ratio drugs and overdosing of high–extraction ratio drugs administered by nonoral routes. Renal clearance and the activity of the CYP isozymes—CYP 3A4, 2D6, and 2C9, and uridine 5’-diphosphate glucuronosyl transferase—are increased during pregnancy. In contrast, CYP 1A2 and 2C19 activity is decreased (Anderson, 2006).


Renal function improves during gestation because renal plasma flow increases by 30% and the glomerular filtration rate (GFR) increases by as much as 50%. Because of this improved renal filtration, serum urea, creatinine, and uric acid levels usually are decreased in pregnancy. Cardiac output increases by as much as 32% because of an increased heart rate (up 10 to 15 bpm) and increased stroke volume (Hale, 2012).


Not all changes in the system are positive to the mother. During pregnancy, a hypercoagulable state develops, with increased levels of fibrinogen and of factors VII, VIII, IX, and X. And, because bowel tone and gastrointestinal peristalsis decrease, constipation may become a problem for pregnant women. Pregnant women also have a high incidence of heartburn because of decreased gastrointestinal motility, increased estrogen and progesterone that decreases lower esophageal sphincter tone, and the increased pressure of the growing uterus on the abdomen (Hale, 2012).








Nausea and Vomiting


Nausea and vomiting, common symptoms during pregnancy, often are regarded as an unpleasant but normal part of pregnancy during the first and early second trimesters. Nausea and vomiting of pregnancy (NVP) occur in approximately 75% to 80% of pregnant women. NVP is self-limiting, typically starting 2 to 3 weeks after a missed menstrual period and continuing from the 8th to the 12th week of pregnancy. It is usually worse in the morning before the mother gets out of bed. The exact etiology and pathogenesis of NVP are poorly understood and are most likely multifactorial. Some theories for the etiology of NVP involve psychologic predisposition, evolutionary adaptation, hormonal stimuli, increased levels of human chorionic gonadotropin (hCG), and/or increased levels of progesterone associated with decreased gastric emptying, and Helicobacter pylori infection. Treatment ranges from dietary and lifestyle changes to vitamins, antiemetics, and hospitalization for intravenous therapy. Treatment generally begins with nonpharmacologic interventions; if symptoms do not improve, drug therapy is added. Although NVP has been associated with a positive pregnancy outcome, the symptoms can significantly affect a woman’s life, both personally and professionally. Given the substantial health care costs, as well as the indirect costs, and the potential decrease in quality of life due to NVP, providers must acknowledge the impact of NVP and provide appropriate treatment (Badell et al, 2006).


Although NVP most frequently is self-limited, approximately 1% to 3% of pregnant women may experience severe nausea and vomiting, defined as hyperemesis gravidarum. This condition, which affects 3.5 of 1000 infants, is debilitating and can result in significant weight loss, electrolyte imbalance, ketosis, dehydration, and malnutrition. Overall, treatment of NVP should depend on the severity of symptoms, the impact of symptoms on a woman’s quality of life, and the safety of the fetus. Treatments range from dietary and lifestyle changes to vitamin supplementation, antiemetic therapy, and hospitalization. Treatment generally begins with nonpharmacologic interventions; drug therapy is added if nausea or vomiting does not improve. Such patients often require hospitalization for the administration of intravenous fluids and electrolytes, antiemetics, and sedation. Additionally, treatment with corticosteroids has been found to be effective (Gabbe et al, 2012).


Formal evaluation is limited regarding the agents used to treat NVP. Currently, no drug has been approved by the FDA for treating NVP, and no standard treatment protocol exists. Considering the available pharmacologic and nonpharmacologic approaches to NVP, health care providers should understand that adequate treatment often involves a balance between nonpharmacologic and pharmacologic options.


Benedictine (10 mg doxylamine/10 mg pyridoxine) was used for NVP in an estimated 10% to 25% of pregnant women in the United States from 1958 to 1983. In the 1960s, numerous birth defects (e.g., limb deformities, cleft palate, pyloric stenosis) associated with the use of Benedictine were reported worldwide (Schardein & Macina, 2006). However, the product has been studied since then, and those results have been refuted. Doxylamine and pyridoxine now carry a category B and A rating, respectively. Although the company voluntarily removed the branded product from the market in 1983, the active ingredients are available in other countries on a nonprescription basis (e.g., Unisom nighttime sleep aid, vitamin B6), or the product can be prescribed and compounded.


Management of mild to moderate NVP begins with nonpharmacologic steps before medication use is prescribed. Usual products recommended for the treatment of nausea and vomiting include multivitamins and pyridoxine (vitamin B6), a water-soluble B-complex vitamin and a necessary coenzyme in the metabolism of lipids, carbohydrates, and amino acids. Pyridoxine can be taken alone or with doxylamine for the treatment of NVP. If given alone, the dosage should be oral pyridoxine 25 mg every 8 hours or 75 mg/day.


A few antihistamines have been studied for the treatment of NVP. Meclizine, dimenhydrinate, and diphenhydramine have been used alone to treat NVP. In general, antihistamines directly inhibit the action of histamine at the histamine1 (H1) receptor and indirectly affect the vestibular system, thereby decreasing stimulation of the vomiting center. In addition, muscarinic receptor inhibition may play a role in antihistamine antiemetic activity. No correlation exists between the sedative or local anesthetic effect of an antihistamine and its efficacy as an antiemetic.


No specific dosing guidelines for pregnant women have been made available to health care providers; hence, standard adult dosages are recommended—that is, diphenhydramine 25 to 50 mg orally every 4 to 6 hours, or 10 to 50 mg intravenously or intramuscularly every 4 to 6 hours as needed; meclizine 25 mg every 4 to 6 hours as needed; and dimenhydrinate orally or rectally 50 to 100 mg every 4 to 6 hours as needed.


A number of dopamine antagonists can be used for the treatment of NVP. During nausea and vomiting, dopamine receptors in the stomach mediate inhibition of gastric motility and may provide a site of action for antiemetic dopamine receptor antagonists. Dopamine, specifically at the dopamine2 (D2) receptors, is also implicated in emetic signaling through the chemoreceptor trigger zone. The three main classes of dopamine receptor antagonists are phenothiazines, butyrophenones, and benzamides. Low doses of phenothiazines antagonize the interaction of dopamine with D2 receptors to exert an antiemetic effect. Phenothiazines used in the treatment of NVP include prochlorperazine and promethazine. Metoclopramide, a benzamide, is a strong central and peripheral D2 antagonist. It exerts modest antiemetic effects by enhancing lower esophageal sphincter tone and decreasing transit time through the upper gastrointestinal tract (Badell et al, 2006).


No specific dosing guidelines for these agents are available for pregnant women. Possible regimens are those established for adult patient populations, including promethazine 12.5 to 25 mg every 4 to 6 hours orally or rectally as needed, prochlorperazine 5 to 10 mg orally or 10 to 25 mg rectally every 6 hours as needed, or metoclopramide 5 to 10 mg orally or intravenously every 6 hours as needed.


Because of the effectiveness of serotonin antagonists in patients with chemotherapy-induced nausea and vomiting, physicians have begun to prescribe ondansetron 8 mg orally every 12 hours as needed for NVP. Serotonin antagonists exert their effects at the 5-hydroxytryptamine3 (5-HT3) receptors both centrally and peripherally. This diffuse block works at the small bowel, vagus nerve, and chemoreceptor trigger zone, providing decreased stimulation of the medullary vomiting center.


Corticosteroids have been evaluated for the treatment of severe NVP and hyperemesis gravidarum. Although a precise dosage has not been established for corticosteroids in the treatment of hyperemesis gravidarum, a possible regimen is oral or intravenous methylprednisolone 48 mg/day given in three divided doses for 2 to 3 days. If no response is seen within 3 days, the treatment should be stopped. If symptoms have not improved within 72 hours of the start of corticosteroid treatment, response beyond that time is not likely. Otherwise, the dosage may be tapered appropriately over 1 to 2 weeks. For women with recurrent vomiting, the tapered dosage may be stopped and the lowest effective dosage continued for up to 6 weeks. Corticosteroids should not be administered beyond this period for treatment of NVP because of maternal side effects (Badell et al, 2006). Table 6-3 contains a list of common antiemetics and other drugs used during pregnancy.




TABLE 6-3


Recommended Drugs for Common Problems During Pregnancy








	Clinical Condition

	Recommended Drugs










	Nausea and vomiting

	Antihistamines






	 

	dimenhydrinate (Dramamine) B
diphenhydramine (Benadryl) B in third trimester
meclizine (Antivert, Bonine) B
Phenothiazines
promethazine (Phenergan) C
prochlorperazine (Compazine) C
doxylamine C
metoclopramide (Reglan) B
phosphorated carbohydrate solution (Emetrol G)
pyridoxine (vitamin B6) A






	Infections

	Penicillins B






	 

	Cephalosporins B
(avoid cefaclor, cephalexin, cephradine)






	Cardiovascular

	Alpha-adrenergic receptor agonists






	 

	methyldopa (Aldomet)—B: Usually safe but benefits must outweigh the risks. Usually drug of choice.
labetalol (Normodyne, Trandate)—C: Safety for use during pregnancy has not been established.
pindolol (Visken)—B: Usually safe but benefits must outweigh the risks.
metoprolol (Lopressor, Toprol XL)—C: Safety for use during pregnancy has not been established.
Calcium channel blockers
nifedipine (Adalat, Procardia)—C: Safety for use during pregnancy has not been established.
Centrally acting alpha-adrenergic agonists
clonidine (Catapres)—C: Safety for use during pregnancy has not been established.
Diuretics
hydrochlorothiazide (Esidrix, HydroDIURIL [B])—D (expert analysis): Safety for use during pregnancy has not been established.
furosemide (Lasix)—C: Safety for use during pregnancy has not been established.
Vasodilators—decrease peripheral resistance by inducing vasodilation
nitroprusside (Nitropress)—C: Safety for use during pregnancy has not been established.
hydralazine (Apresoline)—C: Usually safe but benefits must outweigh the risks.






	Anticonvulsant (for eclampsia)

	Anticonvulsants—administered to prevent seizures in severe preeclampsia or eclampsia






	 

	phenytoin (Dilantin)—D: Unsafe but benefits may outweigh risks.
magnesium sulfate (Bilagog)—A: Safe in pregnancy.






	Acne

	Topical benzoyl peroxide—C






	 

	Topical clindamycin—B






	Constipation

	Bulk-forming laxatives (e.g., Metamucil, Citrucel, Perdiem)—C: Colace (docusate)—C: May be used later in pregnancy with less risk.






	Heartburn/gastroesophageal reflux disease

	MgAl combination antacids prn (Milk of Magnesia)






	Lice

	H2 antagonists ranitidine, cimetidine—B






	Head lice

	permethrin 1% cream rinse (Nix)—B






	Pubic lice

	permethrin 1% cream rinse (Nix) or pyrethrins with piperonyl butoxide—B






	Scabies

	permethrin 5% cream (Elimite)—B









From Gabbe SG et al: Obstetrics—normal and problem pregnancies, ed 5, New York, 2012, Churchill Livingstone, Inc.

















General Information on Infections in Pregnant Women


The need for antimicrobial therapy in the pregnant woman requires confrontation of the potential risks of antibacterial agents for the developing fetus and the mother. The literature in this field is sometimes contradictory. Extensive clinical experience shows that penicillins, cephalosporins, and erythromycin (except erythromycin estolate) can be considered safe for the developing fetus and for the pregnant woman. Nitrofurantoin is a valid antibacterial option in pregnancy, except near or at term. Isoniazid, ethambutol, and rifampin should be used for the treatment of tuberculosis in pregnancy, but attention must be paid to the potential toxicity of isoniazid for the mother. For several other antimicrobial agents (e.g., aminoglycosides, fluoroquinolones, newer macrolides, metronidazole, rifampicin, vancomycin), a potential teratogenic or toxic risk has been documented in animal or human studies; however, their use during pregnancy is justified when no safer alternative is available. A few antibacterials should be absolutely avoided in pregnancy: tetracyclines, cotrimoxazole, and chloramphenicol according to a teratogenic risk or a toxic risk for the fetus or the mother, and clindamycin according to its high risk-benefit ratio. The safety data on many other antibacterials, including carbapenems, ketolides, and streptogramins, during pregnancy are very limited or lacking. More data on the risks of antibacterial agents are needed to discern optimal therapy for bacterial infection during pregnancy (Gabbe et al, 2012; Nahum et al, 2006).


Significant pharmacokinetic changes occurred during pregnancy for the penicillins—the fluoroquinolones and gentamicin—indicating that dosage adjustments may be necessary for these drugs. With the exception of chloramphenicol, all of these antibiotics are considered compatible with breastfeeding (Nahum et al, 2006). See Table 6-3 for an evaluation of different medications that may be used.





















Specific Infections of Concern



Urinary Tract Infections





Bacterial infections of the urinary tract constitute the most common medical complication of pregnancy (Shephard & Lemire, 2007). Pregnancy itself does not cause a major increase in the acquisition of bacteria, but it sets the stage for the urinary colonization established before pregnancy to lead to symptomatic infection and subsequent invasion of the kidney.


Factors that increase the incidence of urinary tract infection in all women compound the normal physiologic changes in the pregnant woman and increase the potential for infection. Some of these factors include history of previous urinary tract infection, structural abnormalities in the urinary tract, and long periods of inactivity or sitting.


For women at risk for recurrent urinary tract infection, prevention and treatment begin with nonpharmacologic therapy: forcing fluids, wearing cotton underpants, avoiding bubble baths and pantyhose, and taking frequent breaks from sedentary activities to walk around. Choice of an antibiotic agent in pregnancy must be influenced by the potential for the agent to injure the mother and/or her developing fetus. The agents considered safe and thus the most widely used in pregnancy are the penicillins and the cephalosporins. The sulfonamides may displace bilirubin from albumin-binding sites and consequently have been associated with hyperbilirubinemia when administered near term. Nitrofurantoin is contraindicated near term because of the risk of hemolytic anemia. The sulfonamides and nitrofurantoin, however, have been used safely in pregnancy when precautions are taken to discontinue before 36 weeks.








Sexually Transmitted Diseases


Intrauterine or perinatally transmitted STDs can have severely debilitating effects on pregnant women, their partners, and their fetuses. All pregnant women and their sex partners should be asked about STDs, counseled about the possibility of perinatal infection, and ensured access to treatment, if needed.


The Centers for Disease Control and Prevention (CDC) policy is that all pregnant women in the United States should be tested for HIV infection as early in the pregnancy as possible. A serologic test for syphilis should be performed on all pregnant women at the first prenatal visit. In populations in which use of prenatal care is not optimal, rapid plasma reagin (RPR) card test screening (and treatment, if that test is reactive) should be performed at the time a pregnancy is confirmed. Women who are at high risk for syphilis, live in areas of high syphilis morbidity, are previously untested, or have positive serology in the first trimester should be screened again early in the third trimester (28 weeks of gestation) and at delivery. All pregnant women should be routinely tested for hepatitis B surface antigen (HBsAg) during an early prenatal visit (e.g., first trimester) in each pregnancy, even if they have been previously vaccinated or tested. All pregnant women should be routinely tested for Chlamydia trachomatis. All pregnant women at risk for gonorrhea or living in an area in which the prevalence of Neisseria gonorrhoeae is high should be tested at the first prenatal visit for N. gonorrhoeae. All pregnant women at high risk for hepatitis C infection should be tested for hepatitis C antibodies at the first prenatal visit. Evaluation for bacterial vaginosis (BV) might be conducted during the first prenatal visit for asymptomatic patients who are at high risk for preterm labor (e.g., those who have a history of a previous preterm delivery) (Wokowski & Berman, 2006). Based on the results of these tests, the mother and perhaps the infant will require treatment.


Because of substantial geographic variation in drug strains and drug-resistant organisms, recommended antibiotics may vary and may change for STDs. STDs in pregnancy may require special care. The clinician should consult the latest recommendations from the CDC on treating each type of STD in a pregnant woman (Barkley, 2007; Wokowski & Berman, 2006).














Asthma


Retrospective studies suggest that in about one third of women with asthma, asthma becomes worse during pregnancy; in one third, it becomes better, and in one third, it remains unchanged (Namazy & Schatz, 2005). In women whose asthma becomes worse during pregnancy, peak severity occurs at 29 to 36 weeks of gestation. Asthma becomes less severe during the last 4 weeks of pregnancy. Wheezing during labor and delivery is uncommon, occurring in only 10% of women and usually responding to inhaled bronchodilator therapy. The change in the severity of asthma during pregnancy is sometimes dramatic and tends to be consistent in subsequent pregnancies.


Poorly controlled asthma has been shown to have an adverse effect on the fetus, resulting in perinatal mortality, increased prematurity, intrauterine growth retardation, low birth weight (LBW), and neonatal hypoxia. Risks to the mother of uncontrolled asthma during pregnancy include preeclampsia, gestational hypertension, hyperemesis gravidarum, vaginal hemorrhage, and preterm labor. However, when asthma is well controlled, an increased risk of poor outcome is not apparent (McPhee et al, 2012; NIH, 1993).


In published studies, no significant relationships were found between adverse perinatal outcomes and the use of inhaled β-agonists, inhaled corticosteroids, theophylline, or cromolyn-nedocromil. An observed increased risk of preterm and LBW infants was associated with oral corticosteroid use. To date, no asthma medications have been proved to be teratogenic, and it is clear that the greater risk to the fetus is uncontrolled asthma (Namazy & Schatz, 2005). Thus, the pregnant patient who is asthmatic may continue to take the same asthma medications that she was taking before she became pregnant. Although the fetus may exhibit physiologic response to the medications, in most cases, the effect on the developing fetus is negligible. The primary care practitioner should examine the risk categories of various medications to maximize the risk-benefit ratio.


Women with severe or uncontrolled asthma are at higher risk for pregnancy complications and adverse fetal outcomes than are women with well-controlled asthma. Recent evidence-based guidelines have concluded that it is safer for pregnant women with asthma to be treated pharmacologically than for them to continue to have asthma symptoms and exacerbations. According to the Asthma and Pregnancy Working Group (APWG) of the National Asthma Education and Prevention Program, optimal treatment of asthma during pregnancy includes the treatment of comorbid allergic rhinitis (AR), which can trigger or aggravate asthma symptoms. In general, treatment of both asthma and AR during pregnancy should follow the same stepwise approach that is used in the general population (Yawn & Knudtsen, 2007). In general, second-generation antihistamines are more potent, have a longer duration of action, and produce minimal sedation. The American College of Obstetricians and Gynecologists and the American College of Allergy, Asthma and Immunology (ACOG-ACAAI) have recommended consideration of cetirizine and loratadine, preferably after the first trimester, for pregnant women who need maximal topical therapy and cannot tolerate chlorpheniramine or tripelennamine (ACOG-ACAAI, 2000). ACOG-ACAAI based this statement on reassuring animal data for these second-generation antihistamines, which carry a Pregnancy B rating, and the fact that they are associated with fewer anticholinergic and sedative effects. The Yawn and Knudtsen (2007) article contains detailed charts that list the tetragonic potential for common asthma and allergy drugs.














Epilepsy


In pregnant women with epilepsy who are being treated with antiepileptic drugs (AEDs), careful clinical management is vital because seizure frequency can change during pregnancy. During pregnancy, seizure activity increases in 40% of women, decreases in 10%, and does not change in 50%. Both seizure activity and AED treatment can have consequences for the developing fetus. Although the management of epilepsy during pregnancy is beyond the expertise of the primary care provider, some risk-benefit details are available, along with other information that the clinician may want to be aware of and/or use to provide anticipatory guidance to women of childbearing age.


First, anticonvulsant use during pregnancy has resulted in several “syndromes” and is associated with an increased incidence of malformation, at two times the normal rate (Schardein & Macina, 2006). Therefore, 8 to 12 months before conception, referral to a neurologist is warranted to discuss a 6-month or longer drug-free trial vs. monotherapy at the lowest effective dose to minimize teratogenicity. Once pregnant (planned or unplanned), the benefit-risk ratio favors continued use of the woman’s current anticonvulsant(s). Changing her medication at this point is contraindicated because it is usually too late to prevent teratogenicity, and seizure control is imperative. During pregnancy, an increase in medication may be needed; therefore, drug levels should be monitored frequently both during pregnancy and for 2 to 3 months postpartum, when the need may decrease. Failure to adequately control seizures may lead to status epilepticus, which is associated with 33% maternal and 50% fetal mortality rates (Pennell, 2006).


As was noted previously, renal blood flow and glomerular filtration increase during pregnancy as a function of increased cardiac output; in addition, plasma volume, extravascular fluid, and adipose tissue increase to create a larger volume of distribution. The level of serum albumin decreases, which reduces drug binding, increases the free fraction, and increases drug clearance. These pharmacokinetic alterations can affect AED concentrations and are most important for AEDs that are highly protein bound, hepatically metabolized, or renally cleared. Both total and free levels of highly protein-bound AEDs, including phenytoin and valproate, should be monitored.
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‘Agonist: Chemical fits receptor site well;
chemical response is usually good.

Antagonist: Drug attaches at drug receptor
site but then remains chemically inactive: no
chemical drug response is produced.

Partial agonist: Drug attaches at drug
receptor site but only a slight chemical action
is produced.
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Absorption Distribution Biotransformation | Elimination
Gut——Plasma | Plasma—> Tissue | Liver Kidney
Bioavailability Volume of distribution | Enzyme inhibition/ | Clearance
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First-pass effect Steady state
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Kinetics.
Factors: Phase: Phase 1:
Drug characteristics | 1. Blood flow Oxidation
Blood flow from site of Cytochrome P450
Cell membrane administration
2. Deliveryofdrug | Phase2:
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ANTBIOTICS
amikacin (Amikin) ] 1525 ‘Obiain pesk and rough levels: dravy ek 1530 i afer navenous (V) dose ar 1 b afer
intramuscular (IM) dose; rough 5 min before next dose.
ertamicin 0
(Garamycin)
‘etimicin 510
(Netromycin)
tobramycin (Nebein)_| 410
ANTICONVULSANTS
carbamazepine 12
(Tegretol)
chosuimide 10100
phenobarbicl 1040
phenytoin (Dilantin) | 1020
primidone (Mysoline) | 512
valproic xid 50100
(Depokene,
Depukote)
ANTDEPRESSANTS
it JostameqL Steady sake 3 weeks; daw before nextdose
CARDIOVASCULAR
digoxin(Lanoin) [ 092 g/l Steady stae 1 week; draw before nextdose, a least6 he afer lastdose
idocaine (Yylocaine) | 155 Iy state 6-12 b draw any time during infsion
procainarmide 410 Iy stte 1224 b, draw before et dose
(Pronesty)
quinidine (variows) | 36 ady sate 15 days; draw before extdose
RESPRATORY
theophyline (various) | 1020 Steady stae in 12 days in aduls; up o 1 week in neorates; IV: draw any time; oral: draw before
nextdose
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[Medication Category

‘Common Medication
Examples

Interactions and Instructions to Patients

Corticosteroids: wsed to
provide reliefto inflamed
areas; lessen swelling,
redness, itching, and
allergic reactions.

methylpredsisolons (Medko) prediisone (Dellasonc);
prechisolone (Pediaped; Prelone) corsone acetie
(Coret)

Cadeine narcotic: ised
suppress cough and
relieve pein; ofien with
ASA or acetaminophen

aspirin with codeine, Tylenal
with caceine

Do not drink alcohol with this medication becatse it ncreases.
the seduive effect Take with meals, small snacks, or milk
because this medication may cause stomach upset

RESPIRATORY DRUGS

Anthistamines: wsed
relieve or prevent
symproms of calds, hay
fever, and other types of
allergy; act to limitor
block histamine

bromphenizamine (Dimetane,
Bromphen);
chlorphenitamine (Chlor-
Trmeton, Teldrin);
diphenhydramine
(Berady|, Banopher);
clemastine (Tavist;
fexoenadine (Allegra)
loratadine (Claitn);
cetirzine (Zyriec);
astemizole (Hismanal)

‘Avoid aking with alcabolic beverages because.
antihistamines combined with alcohol may cause
drowsiness and slowed reactiors. Take prescription
antihistamines on an empry stomach to increase their
effectiveness.

Bronchodilitors: ised
treat the symptors of
bronchial asthma, chroric
bronchits, and
emphysemy these
medicines wlieve
wheezing, shortness of
et and dyspnea; they
wark by opening the air
passages of the lungs.

theophyline (Slo-bid, Theo-
Du, Theo-Dur 24,
Uniphy ) albuterol
(Ventolin, Proventl,
Combivent) epinephrine
(Primatere Mist

‘Avoid eating or drnking large amounts of food or beverages
that contain cafeine because both bronchodiltors and
catfeine stimulte the CNS. High-at meals may increase
the amount of theaphyllne inthe body, and high-
carbohydrate meals may decrease it The effectof food on
theophyline products varies.

“Take with food or milk fo decrease Gl disres,
Avoid alcobol because both acohol and
coricasteroids can cause stomach
intaon. Alio avoid faods high i sadium
(sal. Check labels on food pockages for
Sodium Take with food o prevent stomach
upset.
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CYTOCHROME 1A2 SOENZYMES
Substrates Inbibitors Inducers
miiptyline | cimetdine phenobarbitl
cafieine Ciprofioxacin phenytoin
Clomipramine | clarthromycin ifanpin
Clozapine enoxacin fonavic
yclobenzapeine | erythromycin
desipramine | fuvosamine (potens)

diazepam grapeinituice
holoperidol | isoniazid
ipramine ketoconazole
(Rywarbrin | levofloxacin
acrine norloxacin
theophyline | omeprazole
Zlewon parosetine
CYTOCHROME 2C SOENZYME
Substrates Inhibitors Inducers
ammitcptyline | amiodurone 209 carbamazepine
clomipramine | chloramphenicol 209 | phenobarbital
diazepm2C9 | cimetdine 209 phenyoin
ipramine fuconzole ifanpin
losartan2C9__ | fuosetine
omepazole | fuvastatin
phenyloin2C9_| fvoramine 209, potent]
(5)wartarin 209 | soniazid
tolbuamide | ketoconazole (weak)
topiramate 209_| omeprazole 209, 2C19

sertrline

topiramate 219

aflukast 209
‘CYTOCHROME 2D6 SOENZYMES
Substrates Inhibitors Inducers
amitiptyline moprotiine cabamazepine | amioduwone
bisoprolol eperidine phenobarbitl cimetidine
chlorpromazine | methadone phenyoin clomipramine
clomipramine | methamphetamine | rfanpin desipramine
clozapine metoprolol tonavic fuonetine
codeine exietine Aupherazine
cycloberzapeine | morphine hloperidol
desipramine nortriptyline mibefradi]
dexenfuramine | oxycodone parosetine
dextromethorphan | parosetine propefenone
donepezil perphenazine qinidine
dosepin propefenone onavic
fenfurammine propranolol Sertzline
fecainide dsperidone hiordazine
fuoretine hiordazine
Aupherazine imolol
Hloperidol ramadol
hydrocadone | trwadone.
ipramine Verlafvine,
CYTOCHROME 3A4 SOENZYMES
Substrates Inbibitors Inducers
alfentanil \etoconazoke | amiodarone cabamazepine
alpeazolam larsoprazale | cannebinoids dexamethasone
onitipey e (minor) clarithwomycin | ethosuimide
onlodiine. lidocaine. crytromycin | phenoburbil
stemizole losartan fuconazole phenytoin
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[Medication Category

‘Common Medication
Examples

Interactions and Instructions to Patients

‘Anticoagullnis: prolang,
cloting of the blood

wartain (Coumodin)

Moderation in corstmption of foods high n vitmin K &
recommended because vitamin K prodices bloodloting
subsances. Such oods include beefliver green leaiy
vegetables suchasspinach,cabbage, califlower, and
Brussels sprous; potatoes; vegetble oi andegg yolk.
High doses ofvilamin E (400 IUor more) may prolons,
cloting tie

‘Antihy perlpidermics: HMG-
CoA reductase inhibitors
or“stains” lower

atorvastatn (Lipior);
Auvastain (Lescol);
lovastain (Mevacor);

Mevacar should be taken with the evening meal o enbance
absorption. Avoid large amounts of kcohol becase these
may increase risk of iver damage.

cholesterol pravastatn (Pravachol);
simyastain (Zocor)
‘CENTRAL NERVOLS SYSTEM DRUGS
Anlgesics/antipyretics | acetaminophen (Tylenol, | Take o an empty stomach for more rapd relief because food

Tempea)

may slow the body's absorption of the drug. Concurrent
use withalcobol can increase the risk of iver damage o
Glbleeding.

Antianiety drugs

orasepam (Aivan); dinzepam
(Valim); alpeazolom
Oanay

Use with caffeine may case exciabiiy, nervousness, and
hyperactvity and may lessen the antianiety effect. Use
with alcohol may impeir menial and motor fuctiors.

Antidepressants porosetine (Pl setline | Avoid concument we with akeohol These medications can be
(Zolof; foretine taken with or without od.
(Prozac)

Anlgesics/mrcotics Codeine wih cetaminophen. | Do not consume lcohol becase of akive CNS

(Tylenol No.2,3, 4
morphine (Roxanol, MS
Contin); oxycodone with
acetaminophen (Percocet,
Roxicet; meperidine
(Demerol) hydrocodone

depression. Use caution when motor skils are required.

with acetaminopben
(Vicodin, Lorcet)
lithium carborste: regultes. | Variots names Follow the dietary and flid intake instructions of health care
changes in chermical provider to avoid very serious foxic reactions.
levels inthe brain
MAOLS: acta antidepressart | pherelzine (Narc); A very dangerous, potentially faal interacton can occur with

tranyley promine (Parmate)

foods that coniain tyramine, a chermical in alcobolic
beverages, partcularly wine, and in many foods such as
bard cheeses, chocolate, beef or chicken livers, sour
cream yogurt, isins, bananas, avocados, soy sauce,
yeastextract, meat tenderizers, sausages, and anchovies
Patient may develop severe headache, nosebleed, chest
pain, photosensitivity, or severe hypertension with
hypertersive crisi.

Sedative-hy protics

Variots names

Do not s alcobol withany sleep medications. Oversedation

GASTROINTESTINAL DRUGS

Antacids, aniulcer
medications, histamine
blockers: work o redice

cimetidine (Tagamet);
famotidine (Pepid);
anitidine (Zantac);

Follow specific dets given by health care provider, Avoid
large amo s of caffeine; iy products such as milk or
creammay increase acid secrefion f calcium carbonste is

acidinthe stomach nizatidie (Axid) wsed as o calciumsupplement:

Loatives: s ifestng, | Varous rames Excessive tse of natives can cause loss of essental vitains
soften stool,adki bulkor andminerals and may requie replrishmentof poassum
fid o stool

MUSCULOSKELETAL DRUGS.

‘Asprin: sed to reduce puin,
fever, and inflammation’

aspirin (Bayer, Ecatrn)

Becaise aspirin can catse stomach ration, avoid alcohol.
To avoid stomach upset, ke with food. Do not ake with
fritjuice. Buflered or enteric coted aspirin may akso
reduce Gl bleeding

NSADs: tsed o relieve
pain and rechuce
inflamenaton and fever

buprofen (Advi, Motsin);
naprosen (Anaprox,
Aleve, Naprosyn);
ketoprofen (Oruds);
nabumetone (Relaken)

‘These drugs should be taken with food or milk because they
caniiiate the stomach. Avoid taking with the types of
foods or alcobolic beverages thattend fo inae the
stomach,

Indomethacirs tsed fo
reduce pain, swelling,
joint pain, and feverin
certintypes of arhritis
and gout

Indocin

“This drug should be taken with food because ftcan e the
stomach, Avoid tking with the types of foods o
alcobolic beverages thattend fo i the stomach

Pirondcan wed o reduee
pain, swelling, stifess,
joint pain, and feverin

Feldere

certintypes of arthritis

“This medication should be taken with  ight snack becaise it
can case stomach inftaion. Avoid alcohol becaise itcan
add o the possibility of stomach upset.
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[Medication Category

‘Common Medication
Examples

Interactions and Instructions to Patients

ANTINFECTIVES

Pericilins: wed o treata
wide variety of nfections|

amoxicillin (Trmo, Amoxi);
ampiclln (Principen,
Omnipen); penicillin V
(Veetids)

‘Amosicillin and bacampicillin may be taken with food;
however, absorption of other types of pericillns is
reduced when taken with food. Avoid acidic itjuices,
citns fits, and acidic beverages such a cola dinks. The
aniibiotics are acid lbile (reduce absorption). Take drugg 1
hebefore meals (AC) or 2 heafer meals (PC),

Ceptalosporins

cefaclor (Ceclor, Ceclor CD);
cefadroil (Duricef);
cefixime (Suprav);
cefprozil (Cetil;
cephalexin (Keflex, Kefab)

‘Take on an empty stomuch 1he AC or2 he PC meals. Canbe
taken with food if severe Gl upset

Tetracyclines: used o treata
wide variety of nfections|

tetracycline HCI
(AchromycinV,
Sumycin); doxyeycline
(Vibramycin);
minocycline (Minocin)

“These drugs should notbe taken within 2 hr of eating cairy
products such as milk,ice cream yogut or cheese, orof
taking calciumor iron supplemens. Caleium forms.
complex with the drg, resuling in reduced absorption of
the antbiotic. Take 1 hr AC or 2 b PC.

Erythromycinar
moacrolides: used in
treating skin and ear
infections

erythromycin (EMycin, Ery-
‘Tab, ERYC); erythromycin
and sulfisoxazole
(Pediazole); azithromycin
(Zbroma);
clarithromy cin (Biain)

Erythromycins vary in their reactons with oo Avoid
meals, acicic ritjuices, citus s, and aidic beverages
suchas cola crinks. The antbiotics are acid labile (reduce
absorption). Take drug 1 hr AC 0r2 hr PC.

Sulforamides: wsed to treat
stomach and urinary tract
infections

sufamethoazole and
rimethoprim (Bactrin,
Septra)

Avoid alcahol becase the combination may cause nausea
‘Take on an empy stomach if possibe

ANTIFUNGALS

ketoconazole (Nizoral)
itraconazole (Sporanox);
gseofulvin (Grifuvin V)

‘Avoid taking these medications with cairy products or
antacids. Avoid drinking alcohol or sing medications o
food that contain alcabol for atleast 2 day aftr taking
ketocanazole. This may produce a dsulfamiy pe
reaction.

Metheramine: wsed in
treating uinary tract
infections

methenamine (Mandelamine,
Urex)

‘Cranberies, plums, pruncs, and their juices help the action of
this chug, Avoid citns fus and citns jices. Eatfoods.
with protein, but avoid dary prodicts

Nitromidzole: wsed to treat

metronidazole (Flagy)

Do not drink alcobol while using this dng; it will cuse.

intestinal nd genial stomach pain, nausea, vomiting, headache, fushing, oF
inkectons caused by recbess ofthe fce. It may produce a disulfcamtype
bacteriaand porasies reacton.

Quinolores ciprofiowcin (Cipro); “Toke on anempey stomach 1 he AC 0r 2 he PC mecls. Can'be
levoflowcin (Levaquin), | taken with ood i severe Gl upset. Avoid calcium:
offoxacin (Foxin) containing products and vitamins and minecls thatcoriain

iron and antacis because these sigrificanty decrease drug
concenirators. Taking with cafine procicts may
increase cafeine lovels and produce exciabilty and

‘CARDIOVASCULAR DRUGS

Divretics: elimingte water, | frosernice (L Ditretcs vary in ther ineracions withrrints. Loss of

sodium and choride ramerene- potasium, calcium an magpesiumoceurs with some
hydrochiorothiazide diuretics. May require potasium supplemert. With sore
(HCTZ) (Dyaide, loop diretics, potassiumloss i lss significant:

Maxside); ramterene
(Dyrenium); bumetaride
(Bumey); metolazone
(Zarorolyr; HCTZ
(Esidrix, HydroDILRIL)

Nitates: relax veirs and/ar
arteries to reduxce work
ofthe heart

nitrogly cerin (Nitro, Niro-
Du, TransdermNitro);
sosorbide dinitrate
(o, Sorbiteate)

Use of sodium (sal) should be restricted for medication (o be
effective. Use with lcohol may drastically lower blood
pressure. Check labels on food packages for sadium.

‘Antby perersives: rlax
blaod vessels, ncrease
the supply of blood and
oxygenta the beartand
lessenits workload: may
roguisk hartheat

blockers:atenolol (Tenomin); metoprolol (Lopressor)
propeanolol (nderal) nadolol (Corgard); ACE inibitors:
captopel (Capoten); enalapel(Vasotec); lisinopel (Penivl,
Zestil quinapeil (Accupei; moesipel (Lnivase)

Use of sodium (salt should be restricted for
medications to be efective. Check labels
onfood packages for sodium. Alcohol and
propranolol combination may dramutically
lower blood pressure. ACE inbibitors: food
can decrease absorption. ACE inbibitors
may increase the amount of potassium.
Avoid eating large amouns of foodk bigh
in potassium.
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