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Pain affects all domains of life, and clinicians have few effective tools at their
        disposal to help these patients. Opioids remain the strongest group of analgesic drugs
        available. Millions of patients are safely and effectively maintained on relatively
        high-dose opioids for chronic, severe pain and require these medications to function.
        However, opioids, like many medications, have serious risks and should not be treated like a
        cure-all. This dichotomy has resulted in many patients for whom opioid analgesics are
        appropriate increasingly experiencing barriers to pain relief. At greatest risk of
        unrelieved pain from stigma and bias are children, the elderly, racial and ethnic
        minorities, active duty or military veterans, and those with cancer, HIV, or sickle cell
        disease. Pain undertreatment in African American patients is especially widespread. As a
        result, prescribers, dispensers, and administrators would benefit from considering both the
        tenets of appropriate opioid prescribing and the impact of culture on experiences of pain
        and effective pain management. 
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Course Overview



Pain affects all domains of life, and clinicians have few effective tools at their
        disposal to help these patients. Opioids remain the strongest group of analgesic drugs
        available. Millions of patients are safely and effectively maintained on relatively
        high-dose opioids for chronic, severe pain and require these medications to function.
        However, opioids, like many medications, have serious risks and should not be treated like a
        cure-all. This dichotomy has resulted in many patients for whom opioid analgesics are
        appropriate increasingly experiencing barriers to pain relief. At greatest risk of
        unrelieved pain from stigma and bias are children, the elderly, racial and ethnic
        minorities, active duty or military veterans, and those with cancer, HIV, or sickle cell
        disease. Pain undertreatment in African American patients is especially widespread. As a
        result, prescribers, dispensers, and administrators would benefit from considering both the
        tenets of appropriate opioid prescribing and the impact of culture on experiences of pain
        and effective pain management. 

Audience



This course is designed for physicians, nurses, and allied health professionals who may intervene to improve the treatment of pain in diverse patient populations.

Course Objective



The purpose of this course is to increase clinicians' knowledge and awareness of the appropriate prescription of opioids and the impact of culture on issues of pain and pain management in order to improve the provision of care and patients' quality of life.

Learning Objectives



Upon completion of this course, you should be able to:
	Discuss characteristics of appropriate and inappropriate opioid prescribing and contributory factors to both.
	Outline the appropriate periodic review and monitoring of patients prescribed opioid analgesics.
	Describe necessary components of patient/caregiver education for prescribed opioid analgesics, including guidance on the safe use and disposal of medications.
	Analyze how culture, race and ethnicity influence how pain is defined, expressed, and experienced.



Faculty



Mark Rose, BS, MA, LP, is a licensed psychologist in the State of Minnesota with a private consulting practice and a medical research analyst with a biomedical communications firm. Earlier healthcare technology assessment work led to medical device and pharmaceutical sector experience in new product development involving cancer ablative devices and pain therapeutics. Along with substantial experience in addiction research, Mr. Rose has contributed to the authorship of numerous papers on CNS, oncology, and other medical disorders. He is the lead author of papers published in peer-reviewed addiction, psychiatry, and pain medicine journals and has written books on prescription opioids and alcoholism published by the Hazelden Foundation. He also serves as an Expert Advisor and Expert Witness to law firms that represent disability claimants or criminal defendants on cases related to chronic pain, psychiatric/substance use disorders, and acute pharmacologic/toxicologic effects. Mr. Rose is on the Board of Directors of the Minneapolis-based International Institute of Anti-Aging Medicine and is a member of several professional organizations.
Alice Yick Flanagan, PhD, MSW, received her Master’s in Social Work from Columbia University, School of Social Work. She has clinical experience in mental health in correctional settings, psychiatric hospitals, and community health centers. In 1997, she received her PhD from UCLA, School of Public Policy and Social Research. Dr. Yick Flanagan completed a year-long post-doctoral fellowship at Hunter College, School of Social Work in 1999. In that year she taught the course Research Methods and Violence Against Women to Masters degree students, as well as conducting qualitative research studies on death and dying in Chinese American families.



Previously acting as a faculty member at Capella University and Northcentral University, Dr. Yick Flanagan is currently a contributing faculty member at Walden University, School of Social Work, and a dissertation chair at Grand Canyon University, College of Doctoral Studies, working with Industrial Organizational Psychology doctoral students. She also serves as a consultant/subject matter expert for the New York City Board of Education and publishing companies for online curriculum development, developing practice MCAT questions in the area of psychology and sociology. Her research focus is on the area of culture and mental health in ethnic minority communities.

Faculty Disclosure



Contributing faculty, Mark Rose, BS, MA, LP,
                                has disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.
Contributing faculty, Alice Yick Flanagan, PhD, MSW,
                                has disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.

Division Planners



Ronald Runciman, MD
Jane C. Norman, RN, MSN, CNE, PhD

Division Planners Disclosure



The division planners have disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.

Director of Development and Academic Affairs



Sarah Campbell

Director Disclosure Statement




        The Director of Development and Academic Affairs has disclosed no
        relevant financial relationship with any product manufacturer or
        service provider mentioned.
    

About the Sponsor



The purpose of NetCE is to provide challenging curricula to assist
        healthcare professionals to raise their levels of expertise while fulfilling their
        continuing education requirements, thereby improving the quality of healthcare.
Our contributing faculty members have taken care to ensure that the
        information and recommendations are accurate and compatible with the standards
        generally accepted at the time of publication. The publisher disclaims any
        liability, loss or damage incurred as a consequence, directly or indirectly, of
        the use and application of any of the contents. Participants are cautioned about
        the potential risk of using limited knowledge when integrating new techniques into
        practice.

Disclosure Statement



It is the policy of NetCE not to accept commercial support. Furthermore, commercial
        interests are prohibited from distributing or providing access to this activity to
        learners.

Implicit Bias in Health Care




      The role of implicit biases on healthcare outcomes has become a concern,
      as there is some evidence that implicit biases contribute to health
      disparities, professionals' attitudes toward and interactions with
      patients, quality of care, diagnoses, and treatment decisions. This may
      produce differences in help-seeking, diagnoses, and ultimately treatments
      and interventions. Implicit biases may also unwittingly produce
      professional behaviors, attitudes, and interactions that reduce patients'
      trust and comfort with their provider, leading to earlier termination of
      visits and/or reduced adherence and follow-up. Disadvantaged groups are
      marginalized in the healthcare system and vulnerable on multiple levels;
      health professionals' implicit biases can further exacerbate these
      existing disadvantages.
    

      Interventions or strategies designed to reduce implicit bias may be
      categorized as change-based or control-based. Change-based interventions
      focus on reducing or changing cognitive associations underlying implicit
      biases. These interventions might include challenging stereotypes.
      Conversely, control-based interventions involve reducing the effects of
      the implicit bias on the individual's behaviors. These strategies include
      increasing awareness of biased thoughts and responses. The two types of
      interventions are not mutually exclusive and may be used synergistically.
    


1. INTRODUCTION



Pain affects all domains of life, and clinicians have few effective tools at their disposal to help these patients [1]. Opioids remain the strongest group of analgesic drugs available [2]. Millions of patients are safely and effectively maintained on relatively high-dose opioids for chronic, severe pain and require these medications to function. Public pressure and the mischaracterization of patients as "drug addicts" has increasingly deterred prescribers from treating patients with chronic pain successfully managed with opioids for years or decades rather than improving safety practices [3,4]. However, opioids, like many medications, have serious risks and should not be treated like a cure-all [5]. This dichotomy has resulted in many patients for whom opioid analgesics are appropriate increasingly experiencing barriers to pain relief.
At greatest risk of unrelieved pain from stigma and bias are children, the elderly, racial and ethnic minorities, active duty or military veterans, and those with cancer, HIV, or sickle cell disease. Pain undertreatment in African American patients is especially widespread, from prevalent misperceptions that this group has higher pain tolerance and is more likely to abuse their opioid prescription [6]. As a result, prescribers, dispensers, and administrators would benefit from considering both the tenets of appropriate opioid prescribing and the impact of culture on experiences of pain and effective pain management.

2. OPIOID MANAGEMENT OF CHRONIC PAIN





Evidence Based Practice Recommendation

Despite limited evidence for reliability and accuracy, screening for
        opioid use is recommended by the American Society of Interventional Pain Physicians, as it
        will identify opioid abusers and reduce opioid abuse.
https://painphysicianjournal.com/2012/july/2012;%2015;S67-S116.pdf

             Last Accessed: July 27, 2020
Level of Evidence: Limited (Evidence is
        insufficient to assess effects on health outcomes because of limited number or power of
        studies, large and unexplained inconsistency between higher-quality trials, important flaws
        in trial design or conduct, gaps in the chain of evidence, or lack of information on
        important health outcomes.)


All patients with pain have a level of risk that can only be
      roughly estimated initially and modified over time as more information is obtained. There are
      ten essential steps of opioid prescribing for chronic pain to help mitigate any potential
      problems [7]: 
	Diagnosis with an appropriate differential
	Psychologic assessment, including risk of substance use disorders
	Informed consent
	Treatment agreement
	Pre- and post-treatment assessments of pain level and function
	Appropriate trial of opioid therapy with or without adjunctive medication
	Reassessment of patient levels of pain and functioning
	Regular assessment with the 5 A's (i.e., analgesia, activity, adverse effects,
            aberrant behaviors, and affect)
	Periodically review pain diagnosis and comorbid conditions, including substance use
            disorders
	Documentation


In addition to federal regulations, most states have established laws and rules governing
      the prescribing and dispensing of opioid analgesics. It is each prescriber's responsibility to
      have knowledge of and adhere to the laws and rules of the state in which he or she
      prescribes.


New York Laws and Rules



An excerpt from the New York Code, Rules, and Regulations relating to the regulation of
        controlled substances is available by clicking here.


INFORMED CONSENT AND TREATMENT AGREEMENTS



The initial opioid prescription is preceded by a written informed consent or "treatment
        agreement" [8]. This agreement should
        address potential side effects, tolerance and/or physical dependence, drug interactions,
        motor skill impairment, limited evidence of long-term benefit, misuse, dependence,
        addiction, and overdose. Informed consent documents should include information regarding the
        risk/benefit profile for the drug(s) being prescribed. The prescribing policies should be
        clearly delineated, including the number/frequency of refills, early refills, and procedures
        for lost or stolen medications.
The treatment agreement also outlines joint prescriber and patient responsibilities. The
        patient agrees to using medications safely, refraining from "doctor shopping," and
        consenting to routine urine drug tests (UDTs). The prescriber's responsibility is to address
        unforeseen problems and prescribe scheduled refills. Reasons for opioid therapy change or
        discontinuation should be listed. Agreements can also include sections related to follow-up
        visits, monitoring, and safe storage and disposal of unused drugs.
It is important to remember that treatment agreements are only one aspect of developing
        a safe opioid use plan. The evidence to support the use of such agreements to decrease the
        misuse of opioids is relatively weak, with little or no proof of improvements in adherence
        or patient care [9].

INITIATING A TRIAL OF OPIOID THERAPY



Opioid therapy should be presented as a trial for a
        pre-defined period (e.g., ≤30 days). As noted, the goals of treatment should be reasonable
        improvements in pain, function, depression, anxiety, and avoidance of unnecessary or
        excessive medication use [8]. The treatment
        plan should describe therapy selection, measures of progress, and other diagnostic
        evaluations, consultations, referrals, and therapies.
In opioid-naïve patients, start at the lowest possible dose and titrate to effect.
        Dosages for opioid-tolerant patients should always be individualized and titrated by
        efficacy and tolerability. The need for frequent progress and benefit/risk assessments
        during the trial should be included in patient education. Patients should also have full
        knowledge of the warning signs and symptoms of respiratory depression.
Prescribers should be knowledgeable of federal and state opioid prescribing regulations.
        Issues of equianalgesic dosing, close patient monitoring during all dose changes, and
        cross-tolerance with opioid conversion should be considered. If necessary, treatment may be
        augmented, with preference for nonopioid and immediate-release opioids over
        extended-release/long-acting (ER/LA) opioid formulations. Taper opioid dose when no longer
        needed [10].

PERIODIC REVIEW AND MONITORING



When implementing a chronic pain treatment plan that
        involves the use of opioids, the patient should be frequently reassessed for changes in pain
        origin, health, and function [8]. This can
        include input from family members and/or the state prescription drug monitoring program.
        Prescription drug monitoring programs are one of the most effective measures for reducing
        opioid analgesic diversion and abuse, but their efficacy is undermined by inconsistent use
          [9]. During the initiation phase and
        during any changes to the dosage or agent used, patient contact should be increased.
        Decisions regarding the continuation, modification, or termination of opioid therapy for
        pain should be based on evaluation of the patient's progress and the absence of substantial
        risks or adverse events [8]. At every visit,
        chronic opioid response may be monitored according to the 5 A's [11]: 
	Analgesia
	Activities of daily living
	Adverse effects
	Aberrant drug-related behaviors
	Affect (i.e., patient mood)


Assessment During Ongoing Opioid Therapy



Signs and symptoms that, if present, may suggest a problematic response to the opioid
          and interference with the goal of functional improvement include [11]:
	Excessive sleeping or days and nights turned around
	Diminished appetite
	Inability to concentrate or short attention span
	Mood volatility, especially irritability
	Lack of involvement with others
	Impaired functioning due to drug effects
	Use of the opioid to regress instead of re-engaging in life
	Lack of attention to hygiene and appearance
	Escalation of pain and/or pain medication dose
	Increasing number of medications prescribed to treat the side effects of
              opioids


Patients who display any of these signs or symptoms should be assessed for potential
          opioid misuse or use disorder/addiction. Persons in active addiction should be referred to
          an addiction and/or pain specialist.
The decision to continue, change, or terminate opioid therapy is based on progress
          toward treatment objectives and absence of adverse effects and risks of overdose or
          diversion [8]. Satisfactory therapy is
          indicated by improvements in pain, function, and quality of life. Brief assessment tools
          to assess pain and function may be useful, as may UDTs. Treatment plans may include
          periodic pill counts to confirm adherence and minimize diversion.
Information obtained by patient history, physical examination, and interview, from
          family members, a spouse, or state prescription drug monitoring database, and from the use
          of screening and assessment tools can help the clinician to stratify the patient according
          to level of risk for developing problematic opioid behavioral responses. A urine drug test
          should be performed prior to initiating opioid treatment.
Low-risk patients receive the standard level of monitoring, vigilance, and care.
          Moderate-risk patients should be considered for an additional level of monitoring and
          provider contact, and high-risk patients are likely to require intensive and structured
          monitoring and follow-up contact, additional consultation with psychiatric and addiction
          medicine specialists, and limited supplies of short-acting opioid formulations.
If substance abuse is active, in remission, or in the patient's history, one should
          consult an addiction specialist before starting opioids. In the setting of active
          substance abuse, opioids should not be prescribed until the patient is engaged in a
          treatment/recovery program or other arrangement are made, such as addiction professional
          co-management and additional monitoring. When considering an opioid analgesic
          (particularly those that are extended-release or long-acting), one must always weigh the
          benefits against the risks of overdose, abuse, addiction, physical dependence and
          tolerance, adverse drug interactions, and accidental exposure by children.


PATIENT AND CAREGIVER EDUCATION



Safe Use of Opioids



Patients and caregivers should be counseled regarding the safe use and disposal of
          opioids. As part of its mandatory Risk Evaluation and Mitigation Strategy (REMS) for ER/LA
          opioids, the U.S. Food and Drug Administration (FDA) has developed a patient counseling
          document with information on the patient's specific medications, instructions for
          emergency situations and incomplete pain control, and warnings not to share medications or
          take them unless prescribed [10]. A copy
          of this form may be accessed online at https://www.fda.gov/media/86281/download.
When prescribing opioids, clinicians should provide
          patients with the following information and instructions [10]: 
	Product-specific information
	Taking the opioid as prescribed
	Importance of dosing regimen adherence, managing missed doses, and prescriber
                contact if pain is not controlled
	Warning and rationale to never break or chew/crush tablets or cut or tear
                patches prior to use
	Warning and rationale to avoid other central nervous system depressants, such as
                sedative-hypnotics, anxiolytics, alcohol, or illicit drugs
	Warning not to abruptly halt or reduce the opioid without physician oversight of
                safe tapering when discontinuing
	The potential of serious side effects or death
	Risk factors, signs, and symptoms of overdose and opioid-induced respiratory
                depression, gastrointestinal obstruction, and allergic reactions
	The risks of falls, using heavy machinery, and driving
	Warning and rationale to never share an opioid analgesic
	Rationale for secure opioid storage
	Warning to protect opioids from theft
	Instructions for disposal of unneeded opioids, based on product-specific
                disposal information



Disposal of Opioids



There are no universal recommendations for the proper
          disposal of unused opioids, and patients are rarely advised of what to do with unused or
          expired medications. According to the Office of National Drug Control Policy, most
          medications that are no longer necessary or have expired should be removed from their
          containers, mixed with undesirable substances (e.g., cat litter, used coffee grounds), and
          put into an impermeable, nondescript container (e.g., disposable container with a lid or a
          sealed bag) before throwing in the trash [12]. The FDA recommends that most opioid medications, including
          oxycodone/acetaminophen (Percocet), oxycodone (OxyContin tablets), and transdermal
          fentanyl (Duragesic Transdermal System), be flushed down the toilet instead of thrown in
          the trash [12]. Disposal by flushing down
          the toilet provides immediate and definitive elimination of safety hazards from
          intentional use or accidental exposure involving opioid products. All transdermal patch
          opioid products should be flushed down the toilet after folding in half by adhesive side
          against adhesive side [13]. Patients
          should be advised to flush prescription drugs down the toilet only if the label or
          accompanying patient information specifically instructs doing so. Flushing unused
          medications has been the subject of controversy, with some state governments and boards
          recommending against the practice due to pollution concerns and effects on waterways and
          wildlife [14].
The American Medical Association recommends the following three steps to promote the
          safe storage and disposal of opioids [15]:
	Educate patients about the safe use of opioids, including not sharing
              prescriptions with others.
	Remind patients that medications should be stored out reach of children and in a
              safe place—preferably locked—to prevent other family members and visitors from taking
              them.
	Talk to patients about the most appropriate way to dispose of expired, unwanted,
              and unused medications. The preferred option is that unwanted or unused pills, liquids
              or other medications should be disposed of in a local "take-back" or mail-back program
              or medication drop box at a police station, pharmacy, or authorized collection site.
              Contact your state law enforcement agency or visit https://takebackday.dea.gov to
              determine if a program is available in your area.




CONSULTATION AND REFERRAL



It is important to seek consultation or patient referral when input or care from a pain,
        psychiatry, addiction, or mental health specialist is necessary. Clinicians who prescribe
        opioids should become familiar with opioid addiction treatment options (including licensed
        opioid treatment programs for methadone and office-based opioid treatment for buprenorphine)
        if referral is needed [8].
Ideally, providers should be able to refer patients with active substance abuse who
        require pain treatment to an addiction professional or specialized program. In reality,
        these specialized resources are scarce or non-existent in many areas [8]. Therefore, each provider will need to
        decide whether the risks of continuing opioid treatment while a patient is using illicit
        drugs outweigh the benefits to the patient in terms of pain control and improved function
          [16].

MEDICAL RECORDS



Documentation is a necessary aspect of all patient care, but it is of particular
        importance when opioid prescribing is involved. All clinicians should maintain accurate,
        complete, and up-to-date medical records, including all written or telephoned prescription
        orders for opioid analgesics and other controlled substances, all written instructions to
        the patient for medication use, and the name, telephone number, and address of the patient's
        pharmacy [8]. Good medical records
        demonstrate that a service was provided to the patient and that the service was medically
        necessary. Regardless of the treatment outcome, thorough medical records protect the
        prescriber.

DISCONTINUING OPIOID THERAPY



The decision to continue or end opioid prescribing should
        be based on a joint discussion of the anticipated benefits and risks. An opioid should be
        discontinued with resolution of the pain condition, intolerable side effects, inadequate
        analgesia, lack of improvement in quality of life despite dose titration, deteriorating
        function, or significant aberrant medication use [8].
Clinicians should provide physically dependent patients with a safely structured
        tapering protocol. Withdrawal is managed by the prescribing physician or referral to an
        addiction specialist. Patients should be reassured that opioid discontinuation is not the
        end of treatment; continuation of pain management will be undertaken with other modalities
        through direct care or referral.


3. THE IMPACT OF CULTURE ON PAIN AND PAIN MANAGEMENT



Patients' experiences of pain may be frustrating if they defy biomedical explanation, and the treatment of pain tends to be stigmatized [17]. When culture, race, and ethnicity are taken into consideration, the treatment of pain becomes even more complex. Practitioners should address how patients construct the meaning and experiences of pain rather than simply dealing with a set of medical procedures and routines [17].
Practitioners working with patients experiencing pain should be aware of the patient's cultural value and belief systems and how they impact their pain experience and also how their own cultural background and professional culture/system affects how they view pain. Furthermore, culture can influence access to and utilization of pain management services and medications and provider communication [22]. For the most part, practitioners are trained and socialized from a biomedical tradition [23]. Practitioners should reflect on their own experiences and the values and beliefs they attribute to pain [24]. Take a moment to consider the following self-reflective questions [24].
Pain Experiences in Childhood
	When you were a child, how did those who cared for you react when you were in pain?
	How did they expect you to behave when you had a minor injury?
	How did they encourage you to cope when you had severe pain?
	How did they encourage you to behave during an injection or procedure?
	When those who cared for you as a child were in pain, how did they react?
	What words did they use to describe the pain?
	How did they cope with their pain?
	Do you tend to follow their example?


Pain Experiences in Adulthood
	What painful experiences have you had as an adult (e.g., childbirth, fracture)?
	How did you express (or not express) your pain?
	Did the pain cause you fear? What were you afraid of?
	How did you cope with the pain?
	How did you want others to react while you were in pain?


Pain Experiences by Patients
	Have you ever felt uncomfortable with the way a patient was reacting (or not reacting) to pain?
	What did the patient do that concerned you?
	Why did you feel that way?
	Do you make value judgments about patients in pain who: 	Behave more stoically or expressively than you would in a similar
              situation?
	Ask for pain medication frequently or not often enough?
	Choose treatments you do not believe are effective or with which you are
              unfamiliar?
	Belong to a cultural group (e.g., ethnic, linguistic, religious, socioeconomic)
              different from your own?



	Do you tend to feel certain reactions to, descriptions of, or treatments for pain are "right" or "wrong?" What about these reactions makes them seem right or wrong?


FACTORS THAT CONTRIBUTE TO RACIAL AND ETHNIC DISPARITIES IN PAIN
        MANAGEMENT



It is clear that health disparities exist among racial and ethnic minority groups, and this is true for pain management services and medications. A large-scale national study in the United States found racial differences in the prescription of analgesics for patients with migraine, low back pain, and bone fractures [25]. Specifically, African Americans were less likely to be prescribed analgesics for their pain compared with their white counterparts. Racial minority patients are also more likely to experience longer wait times for medication compared with white patients [20].
Analysis of a national dataset found that African Americans were less likely to be prescribed opioids for back pain and abdominal pain compared with non-Hispanic white Americans [26]. The authors speculate that racial biases may influence prescribing behaviors. An examination of Medicaid patients who received epidural analgesia during vaginal childbirth also found statistically significant racial/ethnic differences [27]. In this study, 59.6% of the white patients received epidural analgesia, compared with 49.5% of African Americans, 48.2% of Asians, and 35.2% of Hispanics. Even after the researchers controlled for age, urban/rural residence, and the availability of anesthesiologists, race and ethnicity still predicted epidural analgesia prescribing trends [27].
In a meta-analysis of ethnicity and pain management
        researchers found that professionals under-rated ethnic minority patients' levels of pain
        and were less likely to indicate their pain scores on their charts compared with their white
        counterparts [28]. In addition, African
        American and Hispanic patients were less likely to have been given analgesics than white
        patients.
Studies have not definitively isolated the factors that contribute to these disparities. One of the challenges in understanding health disparities, and particularly pain management disparities, is the fact that racial and ethnic minority groups are heterogeneous [29,30]. Recent immigrants from Japan, for example, are going to be very different from native-born Japanese who have resided in the United States for generations [29]. However, researchers have often combined these groups, as challenges in recruitment yield small sample sizes that make it difficult for statistical analyses to be meaningful. The literature has identified a variety of reasons for these disparities stemming from several factors [31].
Barriers Related to Western Biomedical Culture



Western biomedical culture emphasizes a clear dichotomy between the mind and the body as well as what is observable (objective) and what is not (subjective) [32]. Pain is not easily measured, making its assessment and treatment a challenge in Western medicine [32]. In addition, many healthcare professionals may not be adequately trained to incorporate spirituality in the management and treatment of pain for patients who desire to incorporate a more holistic approach [33]. The Western American medical paradigm also leans toward cure rather than care [32]. Patients who present with symptoms that lead to a diagnosis for which there is a clear pathway of interventions and treatment are "favored." Because of the subjective nature of pain, healthcare professionals must often make clinical decisions in the face of a lack of absolute, clear physical evidence [34].

Societal and Institutional Barriers



Societal and institutional barriers include racism,
          discrimination, poverty, lack of health insurance, and deleterious environmental factors
          in communities [35]. For example, groups
          that have historically (or currently) been victims of institutional racism and
          discrimination are more likely to delay seeking help for pain [28]. Some studies indicate that African
          American men may experience higher levels of pain intensity in part due to their
          experiences with different forms of racial discrimination [20]. Even today, racial and ethnic minority
          patients are more likely to be placed in a negative valenced relationship [34]. In the context of pain management,
          healthcare providers are more likely to discount the pain due to the negative valenced
          relationship triggered by racism and discrimination [34].
It has been shown that physicians tend to have less involved communication and less participatory interactions with racial minority patients and low-income patients [32]. In addition, the stereotype that certain racial minority groups come from chaotic and disorganized families and environments increases the likelihood of healthcare professionals labeling them as "difficult." Just as healthcare professionals may have preconceived notions about patients, patients may have pre-existing assumptions about the provider. For example, one study of Native American patients found that the participants tended to feel that healthcare professionals were not interested in hearing about their pain experience and did not have confidence that they would be helped [36]. Thus, a cycle of myths and stereotypes continues.
One oft-cited study found that three-quarters of pharmacies located in areas of New York City with a high proportion of racial and ethnic minority residents did not stock adequate supplies of opioid analgesics [37]. Some pharmacists attributed the low supply to lower demand, but others cited factors related to racism and discrimination. In addition, pharmacies in areas with high concentrations of racial minorities are more concerned with burglaries, additional regulations, and penalties imposed by state and federal drug-enforcement agencies than pharmacies in predominantly white neighborhoods [37].

Healthcare Professional-Related Barriers



Healthcare professional barriers may include professionals'
          beliefs about appropriate pain management; lack of training and knowledge about the
          intersection of pain and culture, race, and ethnicity; lack of culturally sensitive
          assessment for pain; and expectations about racial and ethnic minority pain patients based
          on stereotypes [38]. Consequently,
          practitioners may underestimate and minimize racial minority patients' pain experiences.
          In a qualitative study, Native American individuals described their complaints of pain
          being dismissed, receiving inadequate care, and neglected aftercare [39].
Studies have also shown that the language and race/ethnicity of the healthcare professional influences pain management. For example, the ratings of pain tend to be comparable when the patient and healthcare provider speak the same language. When there is a native language, pain ratings tend to diverge. When literacy and language barriers are eliminated, assessment and treatment improves and racial and ethnic minority patients with pain fare better [40]. In addition, healthcare professionals' level of empathy appears to increase when the patient and healthcare professional share the same skin color or are of the same ethnic group [41,42].

Patient-Related Barriers



Patient barriers to effective pain management include fear and anxiety about substance misuse and addiction, cultural values such as fatalism (i.e., pain is inevitable), and ideas about being a good patient [31]. Cultural values about pain coping, definitions, expression, and experience may also be patient-related barriers. For example, those with a fatalistic perspective of pain are often stoic. A qualitative study of Somali women found that the participants felt wailing or crying about one's pain was a sign of weakness [43]. Similarly, Hispanics and African Americans are more likely to embrace the importance of being stoic and are less likely to ask for pain medication [28]. Studies also show that Hispanic and African American patients with cancer tend to under-report their pain for fear of being labeled as complainers or of distracting the physicians treating their illness [44]. Some patients will not ask questions for fear that would be viewed as challenging an authority figure [45]. Some ethnic/racial minority patients disclose that they avoid pain medications because they overestimate the risk dependence [45,46,47].


ALTERNATIVE REMEDIES



Practitioners should explore both traditional biomedical pain management interventions and non-traditional alternative remedies (as appropriate) when working with racial and ethnic minority patients. Complementary self-management approaches for pain can be generally classified as mind/body approaches or natural products [48]. Mind/body approaches include meditation, yoga, acupuncture, and breathing techniques. Natural products include herbs, vitamins, and topical ointments [48]. Some patients may be more receptive to traditional healing methods (e.g., herbal remedies, traditional healers) [36]. In focus groups, Native American participants reported using a range of alternative therapies for pain, including acupuncture, massage, chiropractic treatment, and guided imagery [39].
Alternative remedies for pain can be classified into five
        different areas, and many can be used as adjuncts to conventional therapies [49,50]:
    
	Alternative medications: Nonpharmacologic substances, such as those associated with
              homeopathic medicine, traditional Chinese medicine, and Ayurvedic medicine
	Mind-body interventions: Interventions that focus on using the mind to influence bodily symptoms, including biofeedback, meditation, music therapy, and guided imagery. Mind-body interventions help reduce pain and improve other comorbid conditions, such as depression.
	Biologically based interventions: Consumption of biologic products (e.g., herbs, vitamins, foods)
	Manipulation strategies: Adjustment of focused areas of the body (e.g., chiropractic measures, massage, acupuncture)
	Energy therapies: Balancing energy fields (e.g., electromagnetic therapy, reiki, qigong)


Some cultural groups subscribe to the hot/cold theory of disease, which argues that illnesses are the result of bodily imbalances and that foods and alternative medications are inherently "hot" or "cold." Pain is considered a "cold" disease, and some patients who adhere to traditional healing will take this into account when selecting and adhering to treatment approaches [51].

END-OF-LIFE CONSIDERATIONS



Palliative care is the noncurative care provided to patients to relieve symptoms and
        improve quality of life [52]. The goal of
        palliative care is to not only meet patients' physical needs but also address their
        psychologic, social, religious/spiritual, and cultural needs [53]. Even across cultures, there appear to be
        common denominators for effective palliative care. In an analysis of studies on palliative
        care in various ethnic/racial minority groups, researchers found common cultural themes that
        cut across all groups in the area of palliative care [54]. These included: 
	Pain management
	Support to achieve closure (i.e., resolve social and emotional concerns that are
              hindering well-being)
	Spiritual and religious care
	Support to family and friends
	Focus on the quality of life


One concept that has been helpful in pain management at the end of life is
        the idea of total pain. Total pain considers the contributions of physical noxious stimuli,
        affect/emotional discomfort, interpersonal conflicts, and nonacceptance of one's own dying
          [55]. A patient's cultural perspective can
        influence any of these factors and/or how they are conveyed. The most important
        consideration at the end of life is that the patient's wishes are followed, and this almost
        always includes a desire for a pain-free death, regardless of background and culture.
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        evidence-based approaches to the diagnosis, treatment, and follow-up for fibromyalgia.
        Fibromyalgia is found in a substantial proportion of individuals with an autoimmune disease
        and can be difficult to diagnose and treat. The discussion of diagnosis emphasizes
        differentiating characteristics and the need to evaluate patients for signs of other
        diseases that are frequently found concurrently. Throughout, evidence-based approaches are
        described, when available, and patient education is highlighted, as self-management is an
        essential component in the treatment of this chronic disorder.
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Implicit Bias in Health Care




      The role of implicit biases on healthcare outcomes has become a concern,
      as there is some evidence that implicit biases contribute to health
      disparities, professionals' attitudes toward and interactions with
      patients, quality of care, diagnoses, and treatment decisions. This may
      produce differences in help-seeking, diagnoses, and ultimately treatments
      and interventions. Implicit biases may also unwittingly produce
      professional behaviors, attitudes, and interactions that reduce patients'
      trust and comfort with their provider, leading to earlier termination of
      visits and/or reduced adherence and follow-up. Disadvantaged groups are
      marginalized in the healthcare system and vulnerable on multiple levels;
      health professionals' implicit biases can further exacerbate these
      existing disadvantages.
    

      Interventions or strategies designed to reduce implicit bias may be
      categorized as change-based or control-based. Change-based interventions
      focus on reducing or changing cognitive associations underlying implicit
      biases. These interventions might include challenging stereotypes.
      Conversely, control-based interventions involve reducing the effects of
      the implicit bias on the individual's behaviors. These strategies include
      increasing awareness of biased thoughts and responses. The two types of
      interventions are not mutually exclusive and may be used synergistically.
    


1. INTRODUCTION



Fibromyalgia is a complex rheumatic disorder characterized by chronic widespread musculoskeletal pain and focal tenderness (tender points), often accompanied by fatigue, other somatic complaints, and disturbances of affect and cognition [1]. The definition of the syndrome has been expanded to include the presence of fatigue, stiffness, and nonrestorative sleep; however, individuals with fibromyalgia usually have a broad range of additional symptoms and comorbidities [1,2,3]. The onset of fibromyalgia is insidious, symptoms wax and wane in intensity, and the course is variable [3,4].
Acceptance of fibromyalgia as a discrete clinical entity (not associated with an apparent organic disease) has been slow [3,5,6,7,8]. In fact, at one time, there was a 40% bias of a person with fibromyalgia being labeled "neurotic" [3]. Despite increasing support for the validity of the syndrome, consensus is lacking about its cause, diagnosis, and optimal treatment [6,8,9].
Fibromyalgia has a substantial negative effect on physical, psychologic, and social well-being, and the syndrome is associated with a significant burden in terms of both disability and healthcare costs. Fibromyalgia has been found to have a greater negative impact on quality of life than many other diseases, including osteoarthritis, chronic obstructive pulmonary disease, and permanent ostomies [9]. Activities of daily living and work within the home are often substantially limited. In a large survey of women 31 to 78 years of age, more than 25% had difficulty taking care of personal needs and bathing and more than 60% had difficulty doing light housework, going up/down one flight of stairs, walking one-half mile, or lifting/carrying 10 pounds [10]. The average survey respondent was assessed as having less functional ability than a typical woman in her 80s [10]. Approximately 20% to 50% of individuals with fibromyalgia are able to work few or no days; 36% are absent from work two or more days each month; 31% have lost employment; and 26% to 55% receive disability or Social Security payments [5].
The economic burden is also high. According to studies of large U.S. claims databases, the healthcare costs of fibromyalgia are two to three times higher (compared with controls) as a result of more visits to the physician's office or emergency department and a higher number of prescription medications [11,12]. Healthcare utilization and costs are high in the year preceding as well as following the initial diagnosis of fibromyalgia [12].

2. EPIDEMIOLOGY



According to prevalence and population estimates, fibromyalgia affects approximately 5 million people in the United States [13]. Determining the true prevalence is difficult because of the problems associated with defining its diagnosis according to the available criteria [5,13]. The prevalence is estimated to be 2% to 8% of the population and increases with age [14,15].
As with autoimmune diseases, the prevalence of fibromyalgia is higher among women than men, although data are conflicting. A female-to-male ratio of 6:1 to 9:1 has been reported in some studies [5,12,16]. However, estimates that use newer, symptom-based diagnostic criteria show a female-to-male ratio of 2:1 [14,15].
The prevalence of fibromyalgia is 5% to 6% among patients seen
      in family or general medicine practice settings and among 15% to 20% of patients seen by
      rheumatologists [8]. As such, the syndrome is
      among the 100 most common diagnoses made in the family medicine setting, as well as one of the
      most common diagnoses in office-based rheumatology practice [8,17]. Fibromyalgia is
      usually diagnosed between the ages of 20 and 55 years, but the prevalence increases with age,
      peaking at 70 to 79 years of age (at approximately 7% for women and 1% for men) [5].
The prevalence of fibromyalgia according to race/ethnicity in older studies has been inconclusive, as studies have either included a predominantly white population or have not specified the race/ethnicity of the subjects [13]. In general, the prevalence is similar among racial and ethnic groups [18]. There is no evidence of a higher prevalence of fibromyalgia in industrialized countries and cultures. Among a cohort of 266 individuals with systemic lupus, black race had a negative association with fibromyalgia, and the prevalence has been low among Hispanic and Mexican individuals as well [19,20].

3. PATHOGENESIS



Several etiologies for fibromyalgia have been postulated and explored; the syndrome has been thought to be an inflammatory condition, an autoimmune disease, an unexplained medical syndrome, or a psychiatric condition [3,7,8,21,22]. However, research has provided little or no evidence to support these bases, and the pathogenesis of the syndrome continues to be poorly understood [8,9,23].
Pioneering sleep studies in the 1970s demonstrated that people with fibromyalgia had abnormal sleep physiology, suggesting a central pathology [24]. Since then, substantial evidence has supported a mechanism of central sensitization, or the amplification of pain in the spinal cord through spontaneous nerve activity, expanded receptive fields, and augmented stimulus responses [4,5,6,9]. Studies have also shown that, compared with healthy individuals, people with fibromyalgia experience pain differently and have physiologically lower pain thresholds [6]. Research has also indicated significant dysregulation of the hypothalamic-pituitary-adrenal axis is found in fibromyalgia [9]. In addition, there may be abnormalities of descending inhibitory pathways, neurotransmitters, or neurohumoral responses; low levels of serotonin and norepinephrine metabolites have been found in the cerebrospinal fluid of individuals with fibromyalgia [5,6,9].
Genetics is thought to be a factor in the susceptibility of
      fibromyalgia. Family clustering has been reported, and the risk for fibromyalgia is eight
      times higher for first-degree relatives of individuals with the syndrome [25]. Abnormalities in the serotonin transporter
      gene and the catecholamine-O-methyltransferase gene have
      been identified [5,9,26]. These abnormalities affect the metabolism or transport of serotonin and
      norepinephrine, which decrease the sensitivity of pain-processing systems through the
      descending central nervous system pain pathways [5].

4. POTENTIAL ENVIRONMENTAL RISK FACTORS



As with autoimmune diseases, several environmental risk factors have been thought to act as triggers for the development of fibromyalgia. Because research on the etiology of fibromyalgia is lacking, individuals' perceptions of triggers have been the source of some of the available information [27]. Perhaps as a result, data on the frequency of environmental triggers are conflicting, with some studies showing that half of all cases have a distinct physical or emotional trigger and other studies indicating that three-quarters of cases or more had no triggering event [9,27,28].
Psychiatric conditions have long been associated with
      fibromyalgia, and research suggests that such conditions may precede fibromyalgia and act as a
      trigger for the disease [6,8]. In one study, when individuals were asked
      what they perceived to be a trigger for fibromyalgia, 73% attributed the development of the
      disease to emotional trauma or chronic stress; 24% noted emotional/physical abuse as an adult
      or child as a perceived trigger [27].
Injury/trauma and physical illness may also be triggers. Approximately one-third of individuals who attributed fibromyalgia to an environmental trigger noted physical injury (including those from a motor vehicle accident) as the perceived trigger [27]. Acute illness was perceived as a trigger in 27% of individuals in the same survey [27]. Viral infections have been associated with the development of fibromyalgia, and hepatitis C, Epstein-Barr virus, human immunodeficiency virus (HIV), parvovirus, and Lyme disease are thought to be viral triggers, but no causality has been established [6,9,28]. Other pain conditions, hyperprolactinemia, and autoimmune diseases have also been reported to be factors [9,28].

5. ASSOCIATION WITH AUTOIMMUNE DISEASES



Several autoimmune diseases have been found in conjunction with fibromyalgia. In a retrospective study of 2,595 cases of fibromyalgia in a nationwide claims database, the likelihood of systemic lupus or rheumatoid arthritis was two to seven times greater than that for controls [29]. Other studies have confirmed an association between fibromyalgia and systemic lupus and rheumatoid arthritis, with reported rates of up to 65% and 57%, respectively [23]. High rates of Sjögren syndrome (up to 50%), and thyroiditis (up to 31%) have also been reported among individuals with fibromyalgia [3,9,30]. A small study has suggested that Hashimoto disease and/or subclinical hypothyroidism may be a predisposition to fibromyalgia; signs and symptoms of fibromyalgia were found in nearly one-third of individuals [30].

6. CLINICAL MANIFESTATIONS



Chronic, widespread musculoskeletal pain (on both sides of the body for at least three months) is the defining feature of fibromyalgia [1]. This pain is often associated with muscle tenderness (to palpation) adjacent to areas of tendon insertion [3,31]. In addition, a constellation of other symptoms are common and vary across patients. Most patients complain of stiffness (especially in the morning), fatigue, sleep abnormalities, and difficulties of cognition, such as mental torpor, maintaining attention, and performing tasks that require rapid thought [1,2,3,27,31,32,33,34].
The likelihood of depression is high among individuals with fibromyalgia [34]. Major depression has been identified in 20% to 62% of individuals with the syndrome [27,28,31,34,35]. Factors associated with major depression have included younger age, female gender, being unmarried, number of chronic conditions, and limitations in activities [34].
Cognitive dysfunction (often referred to as "fibrofog") affects approximately 40% of individuals [5]. The primary effect is on memory (working, episodic, and semantic), especially when tasks are complex and the individual's attention is divided [36]. Although memory impairment is not as common as many other symptoms, patients have considered them to be among the most troublesome, which is not surprising given that the impairment is equivalent to about 20 years of aging [27,32,36]. Attentional control/function is also commonly impaired in individuals with fibromyalgia [36,37,38]. Studies have indicated that cognitive dysfunction cannot be attributed solely to symptoms such as depression, anxiety, and sleep problems, but it does seem to be related to the level of pain [36,37,38].

7. DIAGNOSTIC EVALUATION



Fibromyalgia cannot be diagnosed on the basis of laboratory tests, imaging studies, or pathologic results. As a result, the diagnosis relies on a carefully taken history and comprehensive physical examination. The American Pain Society guideline recommends that the physical examination include a complete joint examination, manual muscle strength testing, and a neurologic examination [4]. The ACR established diagnostic criteria for fibromyalgia in 1990, but the classification system, designed for use in clinical research rather than clinical practice, has many limitations [1,2,3,39].
The lack of objective testing has led to substantial delays in the diagnosis of fibromyalgia, with a diagnosis confirmed only after many visits to healthcare professionals, referrals, diagnostic tests, and several possible diagnoses [5]. Nearly half of individuals with the disease consulted three to six healthcare providers before the diagnosis was made, and 25% saw more than six providers before diagnosis [27]. Physicians also acknowledge diagnostic delay, noting that an accurate diagnosis of a chronic pain disorder (including fibromyalgia) often is not made until after two to three years and consultations with 8 to 13 healthcare professionals [5].
A self-administered questionnaire developed in 2010 may aid in detecting fibromyalgia. The tool, Fibromyalgia Rapid Screening Tool (FiRST), was developed by a group of rheumatologists and pain experts and consists of six questions that can be answered with a yes/no response [40]. A score of five "yes" responses gave the highest rate of correct identification of fibromyalgia patients (87.9%), with a sensitivity of 90.5% and a specificity of 85.7% [40]. FiRST is meant to be used as an initial screening tool, with established diagnostic criteria used to subsequently confirm the diagnosis [40].
The current challenge in diagnosing fibromyalgia stems from many factors, including a wide range and variation in symptoms, a complex differential diagnosis, and difficulty with the established diagnostic criteria.
RANGE AND VARIATION IN SYMPTOMS



There is a wide range of symptoms and comorbidities
        associated with fibromyalgia, and they occur in a variety of combinations and differ in
        terms of severity. After the three primary manifestations (fatigue, stiffness, and sleep
        abnormalities), the most common symptoms are headaches (usually migraine), dry mouth, low
        back pain, and paresthesias (Table 1) [1,3,27,31,32,33,34]. In an online survey conducted by the
        National Fibromyalgia Association (NFA), 19 symptoms, affecting virtually all body systems,
        were noted by at least 25% of the respondents [27]. Nearly all individuals with fibromyalgia are polysymptomatic [27].

Table 1: COMMON SYMPTOMS OF FIBROMYALGIA
	Symptom	Reported Prevalence
	Stiffness	76% to 91%
	Fatigue	24% to 90%
	Sleep abnormalities	76%
	Headaches	47% to 75%
	Dry mouth	18% to 71%
	Low back pain	67%
	Paresthesias	44% to 67%
	Restless legs syndrome	32% to 64%
	Depression	20% to 62%
	Irritable bowel syndrome	36% to 60%
	Anxiety	30% to 56%
	Raynaud phenomenon	9% to 53%
	Muscle spasms	46%
	Balance problems	45%
	Cognitive dysfunction (impaired memory and/or concentration)	40%
	Bloating	40%
	Sinus problems	37%
	Tooth disorders	32%
	Jaw pain	29%
	Bladder problems	26%


Source: [1,3,5,22,27,28,31,32,33,34,35]


Most individuals with fibromyalgia describe pain as arising
        from muscles and joints and also have tender skin [3]. Pain is typically axial in distribution, and pain/stiffness usually
        occurs in the morning and evening [3].
        Patients may note a feeling of swelling in the soft tissues, primarily around the joints,
        but there is no objective evidence of swelling [3,28]. The American Pain
        Society recommends using self-reports as the primary source for pain assessment, focusing on
        such details as [4]: 
	Type and quality of pain
	Source
	Location
	Duration
	Time course
	Pain affect
	Effects on quality of life


Several pain assessment tools may be useful in the setting of fibromyalgia (Table 2) [9,22,41].

Table 2: INSTRUMENTS FOR ASSESSMENT OF FIBROMYALGIA-RELATED SYMPTOMS
	Symptom	Assessment Tool
	Pain	
                Visual analog scale
Brief Pain Inventory
Short Form–McGill Pain Questionnaire
Daily pain diary


          
	Fatigue	
                Visual analog scale
Multidimensional Assessment of Fatigue Instrument
Multidimensional Fatigue Inventory
Fatigue Severity Scale


          
	Sleep	
                Visual analog scale
Medical Outcomes Study Sleep Scale
Pittsburgh Sleep Quality Index
Sleep Assessment Questionnaire


          
	Depression/anxiety	
                Beck Depression Inventory
Patient Health Questionnaire
Beck Anxiety Inventory
Hospital Anxiety and Depression Scale


          
	Quality of life/functional assessment	
                Fibromyalgia Impact Questionnaire
Short Form–36 Health Survey


          


Source: [9,22,41]


Healthcare professionals should also ask about factors that may exacerbate musculoskeletal symptoms, as these symptoms are modulated in approximately 60% to 79% of individuals [1]. Emotional distress has been the most commonly reported exacerbating factor (83%), followed by changes in the weather (80%), sleeping problems (79%), and strenuous activity (70%) [27]. Many other factors are perceived to worsen symptoms, including fatigue, physical inactivity, mental stress, soft-tissue injuries, travel in a car or plane, and work-related conflict [3,27].
Patient assessment must include evaluation of the severity of symptoms most often associated with fibromyalgia, as well as overall quality of life and functional assessment [4,9,22]. Most assessment tools used have been validated in other settings and are not fibromyalgia-specific. Healthcare professionals should ask patients about how their symptoms affect their ability to work, as physical limitations and cognitive dysfunction may result in an inability to maintain normal employment [3,4]. A daily pain diary may also be useful in documenting how pain influences activities of daily living and quality of life [9].
In relating their history, individuals will often focus on the symptoms that are of most concern or that are most troublesome. According to the NFA survey, the most troublesome symptoms were (in descending order): morning stiffness, fatigue, nonrestorative sleep, pain, forgetfulness, poor concentration, difficulty falling asleep, muscle spasms, anxiety, and depression [27]. In another study, 100 individuals with fibromyalgia ranked symptoms slightly differently, but the top five symptoms were similar: pain or physical discomfort, joint pain/aching, fatigue or lack of energy, poor sleep, and cognitive dysfunction [32].
Because of the predominance of fibromyalgia among women, there are few data on the clinical profile for men with the syndrome. The available research points to differences in the clinical presentation according to gender. Women tend to report more symptoms, to describe more symptoms as major problems, and to report greater life interference from pain [8,18,42]. Men have noted significantly lower health perceptions and more physical limitations [42]. With regard to specific symptoms, fatigue and sleep disorders are more common among women, with some studies showing a threefold higher rate [8]. "Pain all over" is also more frequently reported by women than men [8]. The most powerful discriminator between women and men with fibromyalgia is the number of tender points [8].
Comorbidities



Given the broad range of symptoms and conditions found in association with fibromyalgia, it is difficult to differentiate true comorbidities from manifestations of the syndrome itself [43]. For example, irritable bowel syndrome and restless legs syndrome are traditionally thought of as comorbidities but may be part of the overall clinical syndrome [1,8,43]. This is true for many autoimmune diseases but particularly for fibromyalgia, which has been described as overlapping with virtually every other unexplained syndrome [7]. In a study in which current and lifetime comorbidities associated with fibromyalgia, rheumatoid arthritis, and systemic lupus were evaluated, fibromyalgia was associated with significantly higher rates of depression and psychiatric conditions, gastrointestinal problems, and severe allergies (Table 3) [43].

Table 3: COMORBIDITIES ASSOCIATED WITH FIBROMYALGIA
	Comorbidity	Prevalence
	Lifetime	Current
	Any gastrointestinal problem	72%	34%
	Any psychiatric problem	68%	39%
	Depression	68%	39%
	Hypertension	49%	35%
	Any genitourinary problem	48%	5%
	Severe allergies	41%	21%
	Any endocrine problem	40%	28%
	Any lung problem	37%	19%


Source: [43]




COMPLEX DIFFERENTIAL DIAGNOSIS



The multitude of symptoms and comorbidities associated with fibromyalgia add to the complexity of making a differential diagnosis. Many other conditions can mimic widespread pain, and these conditions must be considered in the differential diagnosis (Table 4). Although objective testing cannot confirm a diagnosis of fibromyalgia, it can play an important role in ruling out other possible diagnoses. A CBC, ESR, muscle enzymes, liver function studies, and thyroid function tests can help identify other conditions [4]. However, given the high rate of conditions that occur concurrently with fibromyalgia, clinicians must remember that finding another diagnosis does not automatically rule out a diagnosis of fibromyalgia [3]. Differentiating fibromyalgia from other rheumatic diseases and conditions involving widespread pain is especially difficult. Individuals who have widespread pain and fibromyalgia are typically more symptomatic, dysfunctional, and depressed than people who have widespread pain without fibromyalgia [3].

Table 4: DIFFERENTIAL DIAGNOSIS OF FIBROMYALGIA
	Diagnoses to Consider	Shared Manifestations	Distinguishing Features
	Myofascial pain syndrome	Painful, tender areas in the muscles, commonly affecting the axial
                muscles	Pain arising from trigger points in individual muscles during
                examination
	Chronic fatigue syndrome	Chronic pain and fatigue	Low-grade fever, enlargement of lymph glands, continuous subclinical
                inflammatory process, and acute onset of illness
	Rheumatoid arthritis	Joint pain/stiffness	Involvement of hands and feet, positive rheumatoid factor (in 80% to 90% of
                cases), radiographic evidence of joint erosion
	Systemic lupus erythematosus	Involvement of multiple systems, joint pain	Malar rash, positive antinuclear antibody test
	Hypothyroidism	Profound fatigue, muscle weakness, mental slowing	Weight gain, hair loss, increased TSH level
	Polymyalgia rheumatica	Pain/stiffness in sacrohumeral and pelvic girdle	Increased ESR (in 80% to 90% of cases), age older than 65 years, treatment with
                glucocorticoids resolves symptoms
	Spondyloarthropathy	Pain in neck, mid-thoracic, anterior chest wall, or lumbar regions	Pain localized to specific spinal areas, radiographic evidence of sacroiliitis,
                or radiographic changes in vertebral bodies
	Polyarticular osteoarthritis	Pain in multiple joints	Radiographic evidence of joint degeneration
	Polymyositis or other myopathies	Muscle weakness	Proximal, symmetrical muscles affected, increased serum levels of muscle
                enzymes, abnormal findings on EMG testing and on evaluation of biopsy
                samples
	Neuropathic pain syndromes	Tingling, numbness	Burning, shooting pain
	EMG = electromyography; ESR = erythrocyte
                sedimentation rate; TSH = thyroid-stimulating hormone.


Source: [3,8,28]



DIFFICULTY WITH DIAGNOSTIC CRITERIA



The ACR designed the classification criteria for fibromyalgia for epidemiologic classification but noted that the criteria would also be useful for diagnosis [1]. However, the criteria are used by only about half of rheumatologists in routine practice and are seldom used in the primary care setting [3]. The classification system consists of two criteria: a history of widespread pain and pain in 11 of 18 tender point sites on digital palpation [1]. It has a sensitivity of 88%, a specificity of 81%, and an accuracy of 85%, but several important problems have been identified.
A primary problem with the criteria is the focus on the tender point evaluation, which has been difficult for clinicians, especially primary care providers, to perform correctly [2,3]. Perhaps equally as problematic is that widespread pain as the only criterion for diagnosis does not seem sufficient, given the broad range of symptoms associated with the syndrome [3]. A third major problem is the lack of a severity scale, which means that an individual with fibromyalgia may not satisfy the diagnostic criteria for the syndrome if symptoms or pain at tender points improve [3]. As a result of these drawbacks, the diagnosis of fibromyalgia often has been symptom-based, and researchers have sought ways to modify the criteria or use alternative approaches [2,3,39].
In one study to assess alternative approaches, survey criteria consisting of a Regional Pain Scale score of at least 8 and a fatigue score of at least 6 was found to be concordant with the ACR criteria in 72% of cases [39]. Clinical diagnosis (the clinician's impression irrespective of the ACR criteria) was concordant with the ACR criteria in 75% of cases. The authors concluded that all diagnostic methods have utility [39]. In another study, an effort to modify the criteria to include the three most common symptoms—morning stiffness, sleep disturbances, and fatigue—yielded a sensitivity of 81%, a specificity of 61%, and an accuracy of 72% [3].
To address the problems inherent in its classification system, the ACR published updated diagnostic criteria for fibromyalgia in 2016 [2]. The ACR used a symptom severity scale and the Regional Pain Scale (renamed the Widespread Pain Index) to construct a new case definition of fibromyalgia: a Widespread Pain Index (WPI) score of 7 or greater and a symptom severity score (SSS) of 5 or more OR a WPI score of 4–6 and a SSS of 9 or greater [2]. The WPI has been found to correlate well with findings of the tender point examination, eliminating the need for that examination [2]. The symptoms evaluated by the SSS are fatigue, cognitive dysfunction, and waking unrefreshed (Table 5) [2,44]. In addition, the new criteria minimizes misclassification of regional pain disorders and eliminates the confusing recommendation regarding diagnostic exclusion [44]. Another advantage is that the criteria can demonstrate change in the individual's health status and allows for fibromyalgia to be seen as part of a continuum [2].

Table 5: AMERICAN COLLEGE OF RHEUMATOLOGY DIAGNOSTIC CRITERIA FOR FIBROMYALGIA
	Criteria
	
            A patient satisfies diagnostic criteria for fibromyalgia if the following 3 conditions are met:
            
	WPI ≥7 and SSS score ≥5 or WPI 4–6 and SSS score ≥9.
	Generalized pain is present, defined as pain in at least 4 of 5 regions (left upper, right upper, left lower, right lower, axial)
	Symptoms have been generally present at a similar level for at least three months.



          
	Ascertainment
	WPI	
            Note the number areas in which the patient has had pain over the last week. In how many of the following areas has the patient had pain? Score will be between 0 and 19.

            	Shoulder girdle, left
	Shoulder girdle, right
	Upper arm, left
	Upper arm, right
	Lower arm, left
	Lower arm, right
	Hip (buttock, trochanter), left
	Hip (buttock, trochanter), right
	Upper leg, left
	Upper leg, right
	Lower leg, left
	Lower leg, right
	Jaw, left
	Jaw, right
	Chest
	Abdomen
	Upper back
	Lower back
	Neck



          
	SSS score	
            For the symptoms of fatigue, waking unrefreshed, and cognitive dysfunction, indicate the level of severity over the past week using the following scale:
0 = No problem
1 = Slight or mild problems, generally mild or intermittent
2 = Moderate, considerable problems, often present and/or at a moderate level
3 = Severe: pervasive, continuous, life-disturbing problems
Considering somatic symptomsa in general, indicate whether the patient has:
0 = No symptoms
1 = Few symptoms
2 = A moderate number of symptoms
3 = A great deal of symptoms
The final score will be between 0 and 12.


          
	aSomatic symptoms that might be considered: muscle pain, irritable bowel syndrome, fatigue/tiredness, thinking or remembering problem, muscle weakness, headache, pain/cramps in the abdomen, numbness/tingling, dizziness, insomnia, depression, constipation, pain in the upper abdomen, nausea, nervousness, chest pain, blurred vision, fever, diarrhea, dry mouth, itching, wheezing, Raynaud phenomenon, hives/welts, ringing in ears, vomiting, heartburn, oral ulcers, loss of/change in taste, seizures, dry eyes, shortness of breath, loss of appetite, rash, sun sensitivity, hearing difficulties, easy bruising, hair loss, frequent urination, painful urination, and bladder spasms.


Source: [44]




8. TREATMENT



As with all chronic illnesses, the goal of treatment in fibromyalgia is to reduce symptoms, improve function, and engage the patient's involvement in self-care [22]. Studies have shown that treatment is most effective when it includes the combination of patient education, nonpharmacotherapy approaches (including exercise), and selective pharmacotherapy for persistent symptoms or comorbidities [4,8,45,46,47,48].
Treatment guidelines for fibromyalgia have been established by the American Pain Society and EULAR, and subsequent systematic reviews and meta-analyses have provided further findings to support both pharmacologic and nonpharmacologic treatment [4,46,49]. Familiarity of guidelines and recommended treatments, especially among primary care providers, is low, and adherence is suboptimal [5,50]. For example, a substantial number of people with fibromyalgia take pain medications that lack evidence for effectiveness or that are less effective than alternative options [27,50].
In addition, the practice guidelines for fibromyalgia have many limitations, the most important of which is that their evidence base predates the FDA approval of three drugs for the treatment of the condition. The treatment guidelines may also lack clinical utility because of the crucial need to customize treatment of fibromyalgia according to the unique combination of symptoms in an individual patient. A pooled analysis showed that pain reduction alone does not make people with fibromyalgia feel better; instead, improvements in fatigue, physical functioning, mood, and impact on daily living are important factors in feeling better [51]. These factors must therefore be considered when developing a treatment plan, and optimum treatment will depend on the level of various symptom involvement for the patient [5,41]. Effective treatment of fibromyalgia may also necessitate guideline-based treatment for comorbidities (e.g., irritable bowel syndrome and restless legs syndrome) [41].
The approach most often used for initial management of fibromyalgia includes patient education and reassurance; an exercise program that combines stretching, aerobic conditioning, and strength training; and selective, low-dose monotherapy aimed at relieving symptoms that do not respond to nonpharmacologic measures.
NONPHARMACOLOGIC TREATMENT



Nonpharmacologic measures are important components of an effective fibromyalgia treatment plan. Strong evidence has been documented for exercise (aerobic and/or muscle-strength training), cognitive-behavioral therapy, and patient education, and the combination of the three components is recommended as the initial management approach [28,45,46,48].
Patient Education



The goal of patient education is to effect a change in the patient's perception of his or her role in managing and coping with symptoms [28]. Patients benefit from an explanation of the disease and reassurance regarding symptoms and prognosis; other topics for discussion are treatment options, sleep hygiene, the importance of conditioning and exercise, and the role of pharmacotherapy for comorbidities such as mood and sleep disorders. There is good evidence that patient education is an essential component of effective treatment [4,45,46,48]. Even a single multidisciplinary educational program was associated with significant improvements in pain, fatigue, morning tiredness, stiffness, anxiety, and depression [45]. Education in a variety of formats has been found to be useful, including lectures, written materials, group discussions, demonstrations, and web-based programs [45,52]. Healthcare professionals should encourage their patients to take advantage of many reliable online educational resources.
Language, cultural competency, and health literacy are significant issues,
          given the growing percentages of racial/ethnic populations. According to U.S. Census
          Bureau data from 2015, more than 40 million Americans are foreign-born, 62 million
          Americans (21% of the population) speak a language other than English at home, and more
          than 25 million (8.5% of the population) report that they speak English less than "very
          well" [84]. Clinicians should ask their
          patients what language they prefer for their medical care information, as some individuals
          prefer their native language even though they have said they can understand and discuss
          symptoms in English [85].
Most important, perhaps, is the fact that clinical consequences are more
          likely with ad hoc interpreters than with professional interpreters [86]. A systematic review of the literature
          showed that the use of professional interpreters facilitates a broader understanding and
          leads to better clinical care than the use of ad hoc interpreters, and many studies have
          demonstrated that the lack of an interpreter for patients with limited English proficiency
          compromises the quality of care. The use of professional interpreters improves
          communication (errors and comprehension), utilization, clinical outcomes, and patient
          satisfaction with care [87,88].

Exercise



Exercise not only helps to alleviate many fibromyalgia symptoms but also helps to reverse the effects of deconditioning and improve physical fitness [8,47,53,54,55,56]. In a study of 207 women who were actively treated with medication for confirmed fibromyalgia, progressive walking, simple strength-training exercises, and stretching activities led to several improvements, including higher scores for functional status, reduced fatigue, better mental health, reduced depression, and greater self-efficacy [53]. The benefits of exercise are enhanced when combined with targeted self-management education [28,53].
A meta-analysis showed that supervised aerobic exercise training has beneficial effects on physical capacity and symptoms related to fibromyalgia and that strength training may also have benefits on some fibromyalgia symptoms [54]. Another meta-analysis published in 2010 showed that aerobic exercise has a significant positive effect on a variety of disease-related symptoms, with reductions in pain, fatigue, depressed mood, and limitations of health-related quality of life, as well as improved physical fitness [56]. A 2013 Cochrane review found low-quality evidence that resistance training (moderate-to-high intensity) improves functioning, muscle strength, pain, and tenderness in women with fibromyalgia [57]. Other low-quality evidence suggests that aerobic exercise is superior to resistance training for improving pain, but resistance training is superior to flexibility exercise training in women with fibromyalgia for improvements in pain and multidimensional function. Moderate-to-high resistance training is safe for women with fibromyalgia [57].
Both the American Pain Society and EULAR recommend exercise programs as part of treatment for fibromyalgia [46,58]. The American Pain Society recommends beginning with low levels of exercise and working gradually to a goal of moderately intense aerobic exercise at least two to three times per week [58]. However, fewer than one-third of NFA survey respondents said they engaged in aerobic exercise; more respondents said they participated in "gentle walking" (64%) and stretching (62%), and fewer noted use of physical therapy (24%) or strength training (18%) [27]. Aquatic physical therapy has also been recommended for relief of fibromyalgia-related stiffness [59].
A 2018 report provides evidence that a mind-body treatment approach, specifically a tai-chi program, is of equal or greater benefit than standard care aerobic exercise alone [60]. In this blinded, prospective study, 226 adults with fibromyalgia (widespread pain index ≥7 and severity score ≥5) were randomly assigned either to supervised aerobic exercise (24 weeks, twice weekly) or to one of four classic Yang-style tai chi interventions (12 or 24 weeks, once or twice a week). Participants were followed for 52 weeks; the primary outcome was change in the fibromyalgia impact questionnaire scores at 24 weeks compared with baseline. The results showed that improvement in symptom scores was greater for subjects in each of the tai chi groups than for those receiving aerobic exercise. A clinically significant difference was only observed when comparing the highest-intensity tai chi program (twice weekly for 24 weeks) with aerobic exercise. Benefit with respect to secondary outcomes (assessment scores for anxiety, depression, coping strategies, functional limitations, sleep, and quality of life) also favored the tai chi interventions. At 52 weeks the combined tai chi groups continued to show more improvement in primary and most secondary outcomes than the aerobic exercise group.
EULAR notes that exercises should be tailored to the individual patient, and modifications should be made according to the severity of symptoms [46]. For example, a sedentary individual with moderate-to-severe fibromyalgia should begin with breathing, posture, and relaxation training, move to flexibility exercises, then to strength and balance exercise, and finally, to aerobic exercise [55].

Cognitive-Behavioral Therapy



The goal of cognitive-behavioral therapy is to move patients toward more adaptive beliefs about their ability to cope with symptoms, which in turn increases self-management [47]. Cognitive-behavioral therapy is designed to help individuals improve the way they think about fibromyalgia and cope with the overall effects of its symptoms [8]. It is most effective when it focuses on a specific outcome, especially one that is the subject of the patient's maladaptive thoughts and expectations [8,47].
A systematic review of 23 studies showed that of 30 psychologic treatments for fibromyalgia, cognitive-behavioral therapy was associated with the greatest effect sizes, especially for short-term reduction in pain [61]. In addition to short-term and long-term reductions in pain, cognitive-behavioral therapy has been associated with reductions in sleep disturbances and depression and improvements in functional status [8,46,47,58,61]. Benefit is typically achieved in 10 to 20 sessions [28]. Despite recommendations for cognitive-behavioral therapy, it may be underutilized. According to the NFA survey, only 8% of respondents had used this strategy [27].
Cognitive-behavioral therapy has been significantly beneficial in many individuals with psychiatric illnesses, such as depression and anxiety disorders, and so may be most useful for individuals with fibromyalgia who have these symptoms [47]. The individuals most likely to respond are probably those who have greater emotional distress, fewer coping skills, or less social support [28,47].

Other Approaches



Relaxation techniques are often part of cognitive-behavioral therapy for fibromyalgia, and their effectiveness is generally accepted, even though direct evidence is lacking [47]. Relaxation/meditation was practiced by 47% of the NFA survey respondents [27]. Mindfulness-based stress reduction therapy has also been evaluated; however, only weak evidence exists for benefit in fibromyalgia [62].
The EULAR guidelines include a recommendation (level IIb) for heated pool treatment, with or without exercise, on the basis of studies showing improvement in pain and function [46]. A subsequent meta-analysis of 10 randomized controlled trials demonstrated moderate evidence that hydrotherapy has short-term beneficial effects on pain and health-related quality of life [63].
The lack of fully effective treatments has led patients—and sometimes their healthcare providers—to explore other options to help manage symptoms. Some of these options have no or weak evidence of effectiveness, and the approaches most commonly used by patients are often not recommended practices. For example, the three interventions used most often by the NFA survey respondents were resting (86%); distraction, such as reading or watching television (80%); and heat modalities, such as warm water or hot packs (74%) [27]. The issue is not that these methods are not helpful, rather that the use rates for these approaches are much higher than for many evidence-based recommended strategies [27].
Among the other approaches patients often try are complementary and alternative medicine; between 40% and 90% of individuals with fibromyalgia have tried at least one such method [27,50,64]. However, evidence indicates that most of these methods are ineffective. There is limited evidence to support spinal manipulation [65]. Evidence is also lacking on the effectiveness of herbal, nutritional, and dietary supplements (including St. John's wort, ginseng, valerian, melatonin, and botanical oil) for the symptomatic treatment of fibromyalgia [47,65,66]. Despite this, approximately 43% to 68% of people with fibromyalgia use such supplements, although they give low ratings for their effectiveness [27,50]. Given the high rate of individuals with fibromyalgia who seek symptomatic relief from complementary and alternative methods, the American Pain Society guidelines recommend that clinicians ask their patients about their use of such practices and educate them about their effectiveness and possible negative interactions [4].
Methods with greater evidence of benefit include acupuncture and massage therapy. A 2013 Cochrane review found low-to-moderate level evidence that acupuncture (particularly electro-acupuncture) is effective for the treatment of fibromyalgia symptoms compared with no treatment or standard therapy [67]. Acupuncture in general may relieve pain and stiffness, and electro-acupuncture may improve overall well-being, fatigue, and sleep quality. A 2014 meta-analysis of nine randomized controlled trials found that massage therapy (for at least five weeks) has beneficial immediate effects on improving pain, anxiety, and depression in fibromyalgia patients [68]. However, no follow-up data are available to show long-term benefit. Long-term data are similarly unavailable for qigong, a somewhat popular Chinese medical exercise, but low-quality evidence exists for the short-term improvement of pain, quality of life, and sleep quality and very low-quality evidence exists for improvement of fatigue [69]. Increased psychologic well-being is often reported by qigong practitioners.


PHARMACOLOGIC TREATMENT



No single drug has been found to manage all fibromyalgia symptoms, and a combination approach is often used [27,41]. Antidepressants were the first medications used to treat fibromyalgia; drugs in this class include tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRIs), and serotonin-norepinephrine reuptake inhibitors (SNRIs) [26,41]. In general, antidepressants reduce pain through a direct effect rather than an indirect effect mediated by an effect on depression [41]. Other drugs that have been shown to be effective include anticonvulsant drugs, some analgesics/muscle relaxants, and nonbenzodiazepines (Table 6) [5,26,28,41,49,58,70].

Table 6: PHARMACOLOGIC TREATMENTS USED IN FIBROMYALGIA
	Drug	Dose	Common Adverse Events	Comments
	Antidepressants
	Amitriptyline	25–50 mg PO at bedtime	Nausea, vomiting, dry mouth, dizziness, drowsiness, headache	Recommended by American Pain Society and EULAR
	Duloxetine	60 mg PO daily	Nausea, dry mouth, constipation, drowsiness, decreased appetite	Approved by FDA for fibromyalgia in 2008
	Milnacipran	50–100 mg PO twice daily	Nausea, headache, constipation, dizziness, hot flush, dry mouth	Approved by FDA for fibromyalgia in 2009
	Anticonvulsants
	Pregabalin	300–450 mg PO daily	Diarrhea, dizziness, blurred vision, dry mouth, vomiting	Approved by FDA for fibromyalgia in 2010
	Gabapentin	1,200–2,400 mg PO daily	Viral infections (in children), dizziness, somnolence, ataxia	Limited data on effectiveness
	Analgesics/Muscle Relaxants
	Cyclobenzaprine	10–30 mg PO at bedtime	Drowsiness, xerostomia, dizziness	Recommended by American Pain Society
	NSAIDs	—	—	No evidence to support use, but may be of benefit in treating comorbidities
	Glucocorticoids	—	—	No evidence to support use, but may be of benefit in treating comorbidities
	Opioids
	Low-dose (tramadol)	200–300 mg PO daily	Hot flush, dizziness, headache, constipation, nausea	Recommended by American Pain Society and EULAR
	Potent	—	—	Not recommended; should be used only if all other approaches have been exhausted
	Sedative Hypnotics
	Zolpidem	5–10 mg PO at bedtime	Headache, somnolence, dizziness	Improves sleep; no effect on pain
	Benzodiazepines and sedatives	—	—	Evidence of effectiveness is lacking


Source: [5,26,28,41,49,58,70,71,72,73,74]


Antidepressants



Both the American Pain Society and EULAR found strong evidence (level I) for the use of a tricyclic antidepressant (amitriptyline) for the treatment of fibromyalgia [4,46]. The American Pain Society recommends using amitriptyline for the initial treatment of fibromyalgia, whereas EULAR notes that any of a number of antidepressants should be "considered" [4,46]. According to a 2009 meta-analysis, there is strong evidence for an association between treatment with antidepressant medications and reductions in pain, depression, fatigue, sleep disturbances, depressed mood, and a better health-related quality of life for people with fibromyalgia [75]. Treatment with an antidepressant does not completely eliminate pain, but tricyclic antidepressants have been found to be more effective for pain relief than either SSRIs or SNRIs [4,75]. Amitriptyline was the fifth leading "ever used" drug in the NFA survey (reported by 55% of respondents), with 42% of those using the drug saying it was helpful [27]. In addition, use of prescription antidepressants was the third-highest ranked intervention overall in the survey [27].
Two of the three drugs approved by the FDA are SNRIs: duloxetine and milnacipran [5]. Duloxetine was approved on the basis of two trials. In the first study, duloxetine led to a clinically significant treatment response (at least a 30% reduction in pain severity on the Brief Pain Inventory) in more than half of the study participants [76]. Two doses were evaluated: 60 mg once daily and 60 mg twice daily; both doses were associated with significantly higher response rates than that for the placebo group [76]. Duloxetine also significantly improved function and quality of life. Similar results were achieved with the same doses of the drug in the other study [77]. Neither study showed improvement in sleep; however, duloxetine did not interfere with sleep [41,49,76,77]. The drug was also well tolerated, and nausea was the most common side effect. Given the similarity in response with the two doses of duloxetine, the approval is based on the once-daily dose. A 2014 Cochrane review indicated that there is a lack of efficacy data, but that 60–120 mg daily doses were associated with a greater improvement in mental symptoms than in somatic physical pain [78].
Two studies of milnacipran demonstrated the effectiveness of the drug in achieving a composite endpoint of improvement in scores for pain (30% improvement on a visual analog scale), patient global assessment ("very much" or "much" improved), and physical component of the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) (six points) [79,80]. The studies also evaluated the effect of the drug on pain only (improvement in pain and patient global assessment but not SF-36). Two doses were used: 50 mg twice daily and 100 mg twice daily. In both studies, milnacipran was associated with significant improvements in pain, fatigue, patient global assessment, and physical function [79,80]. Further follow-up has shown the efficacy to be maintained for 12 months [41]. The drug was well tolerated; the most common side effects were mild-to-moderate nausea and headache, both of which resolved with continued use of the medication [79,80]. The FDA approved milnacipran at both doses.
A systematic review to compare the effectiveness of the
          three antidepressants demonstrated several differences [81]: 
	Amitriptyline was superior to both duloxetine and milnacipran in reducing pain,
                sleep disturbances, fatigue, and limitations of health-related quality of
                life.
	Duloxetine was superior to milnacipran in reducing pain, sleep disturbances, and
                limitations of health-related quality of life.
	Milnacipran was superior to duloxetine in reducing fatigue.
	No differences in tolerability were found among the three drugs.



Anticonvulsants





Evidence Based Practice Recommendation

According to the Scottish Intercollegiate Guidelines Network,
            pregabalin (titrated up to at least 300 mg daily) is recommended for the treatment of
            patients with fibromyalgia.
https://www.sign.ac.uk/assets/sign136.pdf

             Last Accessed: July 23, 2020
Level of Evidence: A (At least one
            high-quality meta-analysis, systematic review, or randomized controlled trial directly
            applicable to the target population)


The third FDA-approved drug for the treatment of
          fibromyalgia is pregabalin, an anticonvulsant agent. Several studies have shown pregabalin
          to significantly improve pain, patient global assessment, fatigue, and health-related
          quality of life, as well as sleep disturbances [41,72,82]. The effect of the drug has lasted for as
          long as six months [41]. The drug was well
          tolerated, with the common side effects being dizziness and sedation, which tended to
          resolve with time of treatment [41].
Anticonvulsants have been evaluated in several trials, and
          the American Pain Society found level II evidence for this class of drug, whereas the
          later EULAR guidelines note level I evidence for pregabalin specifically [4,46,49]. Another
          anticonvulsant drug, gabapentin, has also demonstrated efficacy with respect to pain,
          patient global assessment, function, and sleep [41,70,72]. Gabapentin has not been approved by the
          FDA to treat fibromyalgia, and the drug is not specifically noted in treatment guidelines
            [4,46]. Approximately one-third of the respondents in the NFA survey said
          they had "ever used" gabapentin, and 46% who had used it considered the drug helpful [27]. The side effect profile of gabapentin is
          similar to that of pregabalin, but the pharmacokinetic and pharmacodynamic profile is not
          as favorable [41]. An overview of
          systematic reviews of anticonvulsants showed that both drugs had a modest effect on pain
          reduction, and it was not possible to conclude if one drug was better than the other [72]. The long-term safety and efficacy of
          both drugs is also unknown, and many patients are expected to discontinue therapy due to a
          high incidence of adverse effects. The overview found no evidence of clinical benefit with
          any other anticonvulsant, including carbamazepine [72].

Analgesics



With a primary symptom of pain, fibromyalgia has often been treated with analgesics. According to the NFA survey, acetaminophen, ibuprofen, and naproxen were the top three ever-used medications (94%, 87%, and 66%, respectively) [27]. Slightly more than one-third to about one-half of the survey respondents said that these medications were helpful [27]. In another study, nearly 30% of 434 women with fibromyalgia reported taking NSAIDs [50]. However, with no inflammatory mechanism, fibromyalgia is not expected to respond to NSAIDs, and there is no evidence to support the use of NSAIDs or glucocorticoids as a treatment modality [4,46]. NSAIDs may be of benefit in relieving pain associated with comorbidities, such as osteoarthritis, rheumatoid arthritis, or systemic lupus, which may account for their high rate of use in the NFA survey [27,41].
Strong evidence has also been documented for
          cyclobenzaprine, which has both muscle relaxant and tricyclic antidepressant properties
            [26,58,83]. A systematic
          review of five randomized controlled trials showed that individuals treated with
          cyclobenzaprine for fibromyalgia were three times as likely to report overall improvement
          and to note reductions in symptoms, especially sleep disturbances, than controls [83]. Among the NFA survey respondents, 64%
          had ever used cyclobenzaprine and 58% of these patients considered the drug to be helpful
            [27].
Neither the American Pain Society nor EULAR recommend the use of potent opioids for the treatment of fibromyalgia, noting that they should be used only if all other pharmacologic and nonpharmacologic options have been exhausted [4,46]. The American Pain Society found moderate evidence (level II, III) and EULAR documented level I evidence for tramadol, a mild opioid [4,46]. The drug is recommended in both guidelines and may be used alone or as an adjunctive measure [41,46,58]. The dose of tramadol should be increased slowly over time and should be tapered gradually when discontinued [4]. Caution should be used when prescribing tramadol because of the risk of dependence and abuse [46].

Sedative Hypnotics



Benzodiazepines and sedatives are not recommended for the treatment of fibromyalgia symptoms [28]. Zolpidem, a short-acting nonbenzodiazepine sedative, has been used to improve sleep in people with fibromyalgia, but because zolpidem does not relieve pain, it is useful only as an adjunct medication, and it has not been included in treatment guidelines for fibromyalgia [4,41,46]. Approximately 41% of the NFA survey respondents said they had ever used the drug, and 64% of these individuals considered it helpful [27]. In general, prescription sleep medication was the intervention that respondents considered the most effective of all interventions [27].



9. FOLLOW-UP



Individuals with fibromyalgia should be followed up routinely to assess response to treatment. Follow-up visits also offer an opportunity for healthcare professionals to encourage their patients to comply with pharmacologic and nonpharmacologic treatment. Reinforcement for the need to exercise is especially important, as 68% to 83% of people with fibromyalgia have been found to not engage in aerobic exercise [27,55]. Rates of exercise among the general population are below optimum, and people with fibromyalgia need added encouragement because of many symptoms that may be perceived as barriers (e.g., fatigue, pain).
One approach to enhance adherence to an exercise program is to begin pharmacologic treatment targeting the most distressing or severe symptoms and then provide education about exercise as symptoms begin to improve [28,55]. It is especially important to address sleep disturbances and fatigue. In contrast to recommendations for the general population, increasing lifestyle activity is not effective as exercise for individuals with fibromyalgia; instead, clinicians should encourage their patients with fibromyalgia to conserve their energy in daily life in order to have the ability to comply with prescribed exercises [55].
The authors of one review of nonpharmacologic treatment
      suggest that clinicians use the acronym ExPRESS to follow principles of nonpharmacologic pain
      management [47]: 
	Ex: Exercise
	P: Psychiatric (i.e., addressing psychiatric
            comorbidities to help improve pain and disability)
	R: Regain function (helping patients pace
            activities to avoid doing too much on days they feel well)
	E: Education (referral to reliable
            resources)
	S: Sleep hygiene
	S: Stress management (such as cognitive-behavioral
            therapy and relaxation techniques)



10. PROGNOSIS



Fibromyalgia symptoms will persist in most individuals, but the majority still report that they feel better overall than at the time of diagnosis [8,28]. Better outcomes have been associated with greater self-efficacy, help-seeking behavior, increased level of exercise, and pacing of activities [28].
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In the United States, more than 12% of the population 20 years of age and older have
        abnormally high concentrations of lipids in the plasma. It is well established that
        hyperlipidemia is associated with increased cardiovascular (CV) morbidity and mortality.
        Furthermore, it is equally well established that reduction of plasma lipids has a beneficial
        effect on CV health in individuals potentially at risk and reduces occurrence of new events
        in patients that have experienced prior CV disease. This course will review pathophysiologic
        and epidemiologic studies that establish the role of dyslipidemias in the development of
        vascular pathology. In addition, an updated approach to the pharmacologic mechanism of
        action of lipid-lowering drugs will be discussed, including the therapeutic benefits of
        pharmacologic and nonpharmacologic approaches to lipid control. A review of guidelines for
        the evaluation of risk factors associated with hyperlipidemias will be provided, and current
        evidence-based guidelines for the therapy of hyperlipidemias will be thoroughly discussed.
        Finally, the importance of patient education, compliance to therapy, and lifestyle changes
        will be emphasized.
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Course Overview



In the United States, more than 12% of the population 20 years of age and older have
        abnormally high concentrations of lipids in the plasma. It is well established that
        hyperlipidemia is associated with increased cardiovascular (CV) morbidity and mortality.
        Furthermore, it is equally well established that reduction of plasma lipids has a beneficial
        effect on CV health in individuals potentially at risk and reduces occurrence of new events
        in patients that have experienced prior CV disease. This course will review pathophysiologic
        and epidemiologic studies that establish the role of dyslipidemias in the development of
        vascular pathology. In addition, an updated approach to the pharmacologic mechanism of
        action of lipid-lowering drugs will be discussed, including the therapeutic benefits of
        pharmacologic and nonpharmacologic approaches to lipid control. A review of guidelines for
        the evaluation of risk factors associated with hyperlipidemias will be provided, and current
        evidence-based guidelines for the therapy of hyperlipidemias will be thoroughly discussed.
        Finally, the importance of patient education, compliance to therapy, and lifestyle changes
        will be emphasized.

Audience



This course is designed for physicians, physician assistants, nurses, and pharmacy professionals who may intervene to limit the effects of hyperlipidemias in their patients, promoting better long-term health and preventing cardiovascular disease.

Course Objective



The purpose of this course is to increase awareness of the crucial role of hyperlipidemias in the development of cardiovascular disease, evaluate the therapeutic benefits of pharmacologic and nonpharmacologic approaches to lipid control, and contribute to a more positive interaction between the healthcare professional and the patient, through fostering patient awareness, implementation of lifestyle changes, and compliance to therapy.

Learning Objectives



Upon completion of this course, you should be able to:
	Discuss the incidence of cardiovascular disorders, expected epidemiologic trends, and relevance to society and healthcare systems.
	Discuss the relevance of hyperlipidemias in the etiology of atherosclerosis and cardiovascular diseases.
	Identify risk factors for hyperlipidemias.
	Describe the exogenous and endogenous pathways of lipid synthesis and metabolism.
	Describe the various types of lipoproteins.
	Evaluate lipid profiles and identify the most clinically relevant types of hyperlipidemias.
	Analyze the importance of lifestyle modification in managing hyperlipidemias.
	Discuss the targeting of specific steps in lipid synthesis and metabolism related to the mechanism of action of drugs that inhibit cholesterol absorption in the intestine.
	Describe the therapeutic efficacy and indications of fibrates, statins, and nicotinic acid derivatives.
	Determine the role of fish oil derivatives and sterols and stanols in the management of hyperlipidemias.
	Identify patients at risk for coronary heart disease and outline the evidence-based guidelines for the treatment of these patients.
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Dr. Lança has participated in international courses and conferences on neurosciences. He has contributed to a better understanding of the mechanisms underlying the ontogenetic development of the brain opiatergic system. As a research scientist at the Addiction Research Foundation (ARF) in Toronto, he initiated research on the functional role played by dopaminergic cell transplants on alcohol consumption, leading to the publication of the first research reports on cell transplantation and modulation of an addictive behavior. Subsequently, he also investigated the role played by other neurotransmitter systems in the limbic system and mechanisms of reward, co-expression of classical neurotransmitters and neuropeptides and potential role in neuropsychiatric disorders.

He is an Assistant Professor in the Department of Pharmacology at the Faculty of Medicine and at the Faculty of Dentistry at the University of Toronto. He was the Program Director for Undergraduate Studies in the Department of Pharmacology of the University of Toronto. He has developed clinical pharmacology courses for the Radiation Sciences and Chiropody Programs of The Michener Institute for Health Sciences at the University of Toronto, where he also lectures both pharmacology courses and holds a Faculty position.
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1. INTRODUCTION AND EPIDEMIOLOGY OF ATHEROSCLEROTIC CARDIOVASCULAR DISEASES



Atherosclerotic cardiovascular disease (ASCVD) is the leading
      cause of death in developing countries and accounts for 25.7% of all deaths in the United
      States and 47% of deaths in Europe [1,2]. It has been estimated that by 2030 ASCVD will
      account for approximately 23 million annual deaths worldwide, an increase of more than 5
      million from current estimates [3].
In developed countries, both the prevalence of ASCVD and the rate of mortality have declined. In the United States, from 2006 to 2016, the number of heart-related deaths declined by 18.6%. The prevalence and mortality rates have decreased as the result of risk factor reduction and advances in diagnosis and medical and surgical treatments [1,4,5,6]. Developing countries, however, are continuing to face an increase in ASCVD, which has been partially attributed to an increased prevalence of hypertension, hyperlipidemia, and diabetes, as well as a 75% increase in tobacco consumption between 1991 and 2001 [7]. Tobacco smoking is among the top three risk factors that account for the most disease burden in China and India [8].
In the United States in 2014–2015, the estimated direct and indirect cost of ASCVD was $351.2 billion [1]. This figure is projected to increase to $1.1 trillion by 2035 [1]. As a comparison, the estimated 2011 annual direct cost of all cancer and benign neoplasms combined is $84 billion, versus $213.8 billion for direct costs of ASCVD [1].
The elevated costs of cardiovascular pathology for individuals, society, and healthcare systems require a novel approach based not only on improved diagnosis and management of disease but primarily on more effective prevention and early intervention. This not only requires a change in general perceptions but also a different approach toward prevention by physicians and other healthcare professionals [9,10].
The etiology of ASCVD is complex and multifactorial and influenced by a variety of modifiable (e.g., hyperlipidemia, obesity, hypertension, diabetes, smoking, physical inactivity, diet) and non-modifiable (e.g., family history, age, gender) risk factors. Modifiable risk factors play a fundamental role in primary and secondary prevention of ASCVD and account for up to 90% of population-attributable cardiac risk [11,12].
A high concentration of plasma lipids (i.e., hyperlipidemia), and high concentrations of low-density lipoprotein (LDL) cholesterol in particular, are implicated in the etiology of atherosclerosis and increased incidence of ASCVD such as coronary artery disease, peripheral vascular disease, and ischemic cerebrovascular disease. Hyperlipidemias are also associated with primary hypertension and metabolic syndrome [13,14].
Data published in the National Health and Nutrition Examination
      Survey revealed that an estimated 12.1% of Americans 20 years of age and older have total
      blood cholesterol concentrations of 240 mg/dL (6.2 mmol/L) or greater, which are associated
      with high risk of cardiovascular morbidity and mortality [15].
Hyperlipidemia, and specifically hypertriglyceridemia (150–400 mg/dL or 1.7–4.5 mmol/L), is often present in patients with metabolic syndrome, which is characterized by a constellation of signs and symptoms including abdominal obesity, hypertension, insulin resistance, low levels of high-density lipoprotein (HDL), and increased risk of ASCVD [13]. Hypertriglyceridemia has also been reported to be a sign of underlying pancreatitis, and severe hypertriglyceridemia has been established as the etiology of up to 7% of pancreatitis. However, it should be pointed out that hypertriglyceridemia-induced pancreatitis rarely occurs unless levels exceed 1,700 mg/dL (20 mmol/L) [16].
It is well established that effective lipid management slows the progression of atherosclerosis and lowers morbidity and mortality of ASCVD [17,18,19,20,21,22,23]. As a result, early diagnosis and appropriate clinical management of hyperlipidemias has become a public health priority in the primary and secondary prevention of ASCVD [24]. Guidelines for the management of hyperlipidemias focus not only on the administration of lipid-lowering drugs but also the implementation of lifestyle changes [24]. Together, these interventions assist with patient adherence and improve clinical outcomes [22,23]. This approach requires collaboration among all members of the multidisciplinary team of healthcare providers, including physicians, nurses, pharmacists, dietitians, counselors, and physiotherapists [9,25].

2. ETIOLOGY OF ATHEROSCLEROSIS



Atherosclerosis is a chronic inflammatory process that targets
      medium- and large-sized arteries. This process is initiated during childhood and progresses
      slowly with age. However, the condition is rapidly accelerated by a variety of genetic and
      environmental factors, and hyperlipidemia is a major risk factor in the pathogenesis and
      progression of atherosclerosis [12,14,26,27].
An elevated concentration of LDL is a major cause of atherosclerosis and increased ASCVD [14,17,18,19,20,21,22]. The causative role of hyperlipidemia has been supported by the finding that decreasing plasma levels of LDL and triglycerides has a beneficial effect on primary and secondary prevention of ASCVD and the underlying pathology of atherosclerosis [23].
The pathologic processes underlying atherosclerosis can be
      categorized into three progressive stages: fatty streak formation, plaque formation, and
      plaque disruption [12,27,28,29,30,31].
FATTY STREAK FORMATION



Fatty streaks are flat yellow discolorations on the arterial inner (i.e., luminal) surface that neither protrude into the lumen nor disrupt blood flow. The precise mechanisms responsible for the formation of fatty streaks are unclear but endothelial dysfunction is accepted as the primary event in atherogenesis. Physical stressors (e.g., turbulent blood flow at branching points) as well as chemical stressors (e.g., hyperlipidemia, cigarette smoking) alter endothelial cell functions in a complex and interdependent process. This results in:
	Impairment of the role of endothelial cells as a barrier, allowing for the abnormal accumulation of lipids in the sub-endothelial layer and their subsequent transformation (oxidation)
	Release of pro-inflammatory cytokines (e.g., interleukin 1 [IL-1] and tissue necrosis factor-α [TNF-α])
	Release of cell surface adhesion molecules that attract leukocytes (e.g., leukocyte adhesion molecules [LAM], monocyte chemotactic protein 1 [MCP-1], inter- cellular adhesion molecule 1 [ICAM-1])
	Decreased availability of vasodilator compounds such as nitric oxide and prostacyclin
	Stimulation of prothrombotic effect and platelet aggregation


Together, physical and chemical stressors promote endothelial dysfunction and trigger the initial sub-endothelial accumulation and transformation of oxidized LDL. Initially, oxidized LDL acts as a proinflammatory mediator to attract circulating leukocytes (e.g., monocytes and T-lymphocytes) to the sub-endothelium. Second, dysfunctional endothelial cells and modified smooth muscle cells secrete macrophage-stimulating factors that lead to the expression of scavenger receptors or acetyl-LDL receptors on the surface of macrophages and smooth muscle cells [28]. These scavenger receptors selectively bind to oxidized LDL and promote phagocytosis by macrophages and transformed smooth muscle cells, which become lipid-laden and are known as foam cells. Increased numbers of foam cells and extracellular lipids account for the appearance of fatty streaks [12,27,28,29,31].

PLAQUE FORMATION



As atherogenesis progresses, arterial fatty streaks increase in size as the result of a continuing infiltration by smooth muscle cells, which migrate from the underlying muscular layer and accumulate oxidized LDL, and T-lymphocytes, which synthesize inflammatory cytokines. This increases the number of foam cells and exacerbates inflammation. Extracellular accumulation of LDL, collagen, elastic fibers, and calcium deposits further contribute to the formation of larger and thicker atherosclerotic lesions known as plaques or atheromas. Histology shows that atherosclerotic plaques present as a large lipid core surrounded by a fibrous cap. After decades of development, the plaque grows in size and presents many features of a chronic inflammatory process [28]. The arterial wall undergoes a restructuring process that initially grows outward and preserves the lumen diameter. At this stage, the condition is asymptomatic and goes undetected in angiographic studies. As time progresses, larger plaques start to protrude into the lumen and partially disrupt blood flow. Disruption of laminar blood flow also inhibits the expression of superoxide dismutase, a powerful antioxidant, further contributing to oxidation of LDL. This more advanced stage is associated with symptoms of ischemia and may be detected by angiography [12,27,28,29,31,32].

PLAQUE DISRUPTION



As noted, the lipid core of atherosclerotic plaque is initially surrounded by a thicker fibrous cap that provides some degree of stability. As plaques grow in size, their lipid cores become increasingly larger with high concentrations of foam cells, extracellular calcification, and accumulation of oxidized LDL. Interestingly, it has been shown that oxidized LDL promotes apoptosis (i.e., programmed cell death) and causes foam cell death, which leads to plaque necrosis, instability, and increased potential for thrombogenesis [33,34]. At this stage, plaques further protrude into the lumen and disrupt blood flow. Turbulent blood flow increases shear stress in the periphery of the plaque, known as the shoulder region, and further increases the risk of instability, plaque disruption, clot formation, and thrombogenesis. These events are often accompanied by symptoms associated with acute ischemia (e.g., angina, myocardial infarction [MI], intermittent claudication, stroke). Lesions at this stage are able to be detected in angiographic studies and ultrasonography [12,27,28,29,31,32].


3. RISK FACTORS FOR HYPERLIPIDEMIA



As discussed, hyperlipidemia has been established as a main
      risk factor in the development of atherosclerosis and ASCVD. Together with obesity,
      hypertension, diabetes, smoking, and physical inactivity, hyperlipidemia is a known modifiable
      risk factor of ASCVD. Additionally, several biomarkers, including C-reactive protein (CRP),
      hyperhomocysteinemia, and lipoprotein(a), are also considered modifiable risk factors of
      ASCVD. Modifiable risk factors play a major role in the pathogenesis of ASCVD because they
      activate the endothelium and stimulate the release of proinflammatory mediators and cell
      surface adhesion molecules. Because modifiable risk factors account for up to 90% of
      population-attributable cardiac risk, regulation of these factors has a beneficial effect on
      the primary and secondary prevention of ASCVD [11,12].
In addition to modifiable risk factors, the American Heart Association (AHA) and the American College of Cardiology (ACC) have included "risk-enhancing factors" in their 2018 guideline on the management of blood cholesterol (Table 1). Projections of future risk derived from primary risk factors and risk-enhancing factors can be used to adjust the intensity of LDL-lowering therapy and enhance clinician-patient risk discussion [24]. When risk is uncertain, a coronary artery calcium score can help facilitate decision-making in adults 40 years of age and older. The identification of familial hypercholesterolemia is a priority in children, adolescents, and young adults. Across all age groups, the emphasis is on reducing lifetime ASCVD risk through a heart-healthy lifestyle [24].

Table 1: AHA/ACC RISK-ENHANCING FACTORS
	
            	Family history of premature ASCVD (men: age younger than 55 years; women: age younger than 65 years)
	Primary hypercholesterolemia (LDL 160–189 mg/dL; non-HDL 190–219
                      mg/dLa)
	Metabolic syndrome
	Chronic kidney disease (i.e., eGFR 15–59 mL/min/1.73
                      m2 with or without albuminuria, not treated with
                    dialysis or kidney transplantation)
	Chronic inflammatory conditions (e.g., psoriasis, rheumatoid arthritis, HIV/AIDS)
	History of premature menopause (before 40 years of age) and history of pregnancy-associated conditions that increase later ASCVD risk (e.g., pre-eclampsia)
	High-risk race/ethnicity (e.g., South Asian ancestry)
	Persistentlya elevated, primary hypertriglyceridemia (≥175 mg/dL)
                    and/or other lipid/biomarkers associated with increased ASCVD risk, including
                    (if measured): 	Elevated hsCRP (≥2.0 mg/L)
	Elevated Lp(a): a relative indication for its measurement is family
                          history of premature ASCVD. Lp(a) ≥50 mg/dL or ≥125 nmol/L constitutes a
                          risk-enhancing factor, especially at higher levels of Lp(a).
	Elevated Apo B ≥130 mg/dL: a relative indication for its measurement
                          is triglyceride ≥200 mg/dL. A level ≥130 mg/dL corresponds to an LDL
                          >160 mg/dL and constitutes a risk-enhancing factor
	ABI <0.9






                     
	
            aOptimally, three determinations.
ABI = ankle-brachial index; Apo B=Apolipoprotein B; eGFR= estimated glomerular filtration rate; HIV/AIDS= human immunodeficiency virus/acquired immunodeficiency syndrome; hsCRP=high-sensitivity C-reactive protein; Lp(a)=lipoprotein(a).


          


Source: [24]


Experimental studies in animals with genetic abnormalities identical to human familial hypercholesterolemia (absence or 50% reduction in LDL receptors in homozygous or heterozygous individuals, respectively) as well as epidemiologic studies of human populations have established that high levels of LDL cholesterol are atherogenic [35,36,37]. A number of clinical studies, including the Framingham Heart Study, the Multiple Risk Factor Intervention Trial, and the Lipid Research Clinics, have also reported a direct relationship between elevated concentrations of LDL cholesterol (or total cholesterol) and an increase in cardiovascular morbidity and mortality [1,17,18,19,20,21,23,25,38,39]. Lipid management with a combination of pharmacotherapy and lifestyle changes aimed at the reduction of cholesterol levels effectively slows the progression of atherosclerosis and plays a pivotal role in the primary and secondary prevention of ASCVD [1,17,18,19,20,21,22,23,25,37,39,40,41].
Chronically high levels of CRP, and high sensitivity CRP (hsCRP) in particular, are biomarkers of ASCVD, regardless of whether they play a causal role in atherogenesis or if they are the result of underlying atherosclerosis [12,27,42]. The AHA and the Centers for Disease Control and Prevention have issued a joint statement regarding hsCRP values [43]. Concentrations of hsCRP less than 1 mg/L are associated with low risk, and 1–3 mg/L is correlated with moderate risk for ASCVD. Patients with levels greater than 3 mg/L are at high risk for ASCVD [43]. An hsCRP level >10 mg/L has been observed in acute plaque rupture, which may lead to thrombosis [44]. Ongoing clinical studies suggest that lowering the plasma levels of both hsCRP and LDL may be a main goal in the secondary prevention of ASCVD [42].
High homocysteine blood levels (greater than 15 mcmol/L) are associated with increased oxidative stress and secretion of proinflammatory factors. Both mechanisms stimulate smooth cell proliferation and accelerate atherosclerosis [27,45].
Numerous clinical studies have also revealed that high levels
      of lipoprotein(a) are associated with significant increases in ASCVD [12,27,31,46,47,48]. Lipoprotein(a) is a
      subtype of LDL that includes apoprotein A (Apo A) in its structure. The role of lipoprotein(a)
      in atherogenesis relates to a variety of mechanisms including inhibition of fibrinolysis by
      preventing the transformation of plasminogen to plasmin, enhanced capacity to traverse the
      arterial endothelium, and low affinity for the LDL-receptor mediated clearance from
      circulation [47]. High lipoprotein(a)
      concentrations (greater than 30 mg/dL) in patients with an elevated total cholesterol:HDL
      ratio (greater than 5.5) or other major risk factors indicates the need for a more aggressive
      therapy to further lower LDL [23,49].

4. AN OVERVIEW OF LIPIDS



PHYSIOLOGIC ROLES



Lipids play a crucial role in living organisms as a source of energy and as structural constituents of cell membranes and complex molecules such as steroids and eicosanoids (e.g., prostaglandins, thromboxane A2, leukotrienes) and lipid-soluble vitamins [30,50,51]. In brief, the most important lipids are phospholipids, cholesterol, fatty acids, and triglycerides.
Phospholipids are structural components of cell membranes, myelin, lipoproteins, and blood clotting factors. Cholesterol is a structural component of cell membranes and a precursor of other steroids, namely steroid hormones, bile acids, and signaling molecules. Cholesterol is mainly synthesized in the liver but is also absorbed in the intestine from dietary sources and enterohepatic circulation.
Fatty acids are a source of energy. Their general structure is represented as R-COOH, where R represents a hydrocarbon chain. More than 100 fatty acids have been identified, and they differ on length of the hydrocarbon chain and number of carbon-carbon double bonds. Fatty acids without carbon-carbon double bonds are known as saturated; those with carbon-carbon double bonds are known as unsaturated. These fats are further classified as either monounsaturated or polyunsaturated based on the number of carbon-carbon double-bonds. Saturated fatty acids are waxy solids at room temperature, while unsaturated fatty acids are liquids.
In living cells, free fatty acids are only present in trace amounts. They are esterified with glycerol and form more complex lipids, including triglycerides. Most double bonds in unsaturated fatty acids are in the cis form. Some edible fats, including hydrogenated vegetable products such as oils, margarines, and shortenings, are rich in trans fatty acids. Trans fatty acids (also known as partially hydrogenated fats) have physical properties similar to saturated fats and are solid at room temperature. They are inexpensive to produce, give foods a desirable texture and taste, have a long shelf-life, and can be reused to deep-fry foods. These properties make trans fats particularly attractive to commercial enterprises and fast food restaurants. However, their increased dietary intake is associated with increased ASCVD. Awareness of this link has led to the concerted effort to decrease or eliminate their availability and dietary intake. Clear information on trans fats, particularly useful for patients and the general population, is readily available from the American Heart Association (Resources).
Triglycerides are a combination of three fatty acids attached to a single glycerol molecule. They are the main source of dietary fat and can also be synthesized in the liver from intermediary metabolites of excess carbohydrates. Triglycerides accumulate in adipose tissue and muscle cells and can later be mobilized as non-esterified free fatty acids as a source of energy when dietary sources are not readily available.
Cholesterol and triglycerides have significant roles in the process of atherogenesis. They are virtually insoluble in water, and to facilitate their transport in plasma and lymph, they are packaged in larger spherical macromolecules known as lipoproteins.

ABSORPTION, SYNTHESIS, AND METABOLISM



Circulating lipids have two separate, although interrelated, origins and metabolic pathways: the exogenous pathway (i.e., dietary source) and the endogenous pathway (i.e., hepatic synthesis) [52].
Exogenous Pathway



Dietary lipids provide 30% to 40% of calories in Western
          diets. With the exception of the essential fatty acids (e.g., linoleic, linolenic), most
          lipids can also be synthesized by humans. Triglycerides, specifically, account for more
          than 95% of dietary lipid intake. Cholesterol from animal sources and small amounts of
          plant sterols comprise the majority of dietary lipid intake. Free fatty acids,
          phospholipids, and fat-soluble vitamins account for the remaining lipids from dietary
          sources [46,50,53].
Dietary fat is digested by enzymes produced in the mouth,
          stomach, and pancreas. The small intestine is the main site of lipid transformation and
          absorption. In the small intestine, triglycerides are hydrolyzed by gastric and pancreatic
          lipases, phospholipids are transformed by phospholipase A2 into lysophospholipids and
          fatty acids, and cholesterol is hydrolyzed by bile salts and pancreatic hydrolase (also
          known as cholesterol esterase).
Studies have shown that cholesterol absorption in the small intestine is regulated by selective transporters, such as the Niemann-Pick C1 like 1 (NPC1L1). Selective inhibition of NPC1L1 prevents intestinal absorption of dietary cholesterol, a mechanism targeted by ezetimibe, a lipid-lowering drug. In the enterocyte, free cholesterol is esterified to cholesteryl esters by the enzyme acyl-CoA cholesterol acyltransferase isoform 2 (ACAT2) and incorporated into chylomicrons [54].
In a separate pathway, after enzymatic hydrolysis, free fatty acids and monoacylglycerides are transported to the intestinal cells in bile-salt micelles. Micelles deliver the lipid molecules to the enterocyte, and bile salts remain in the lumen, where they are subsequently re-used to form new micelles.
Intracellularly, lipid molecules are re-assembled and packaged in chylomicrons. These are large lipoproteins (75–1,200 nm in diameter) rich in triglycerides and cholesterol but poor in protein content. Chylomicrons are released by exocytosis into the extracellular space, enter the lymph, and ultimately reach the bloodstream. Circulating chylomicrons are transformed by lipoprotein lipase, an enzyme expressed in endothelial cells of the capillaries in muscle and adipose tissue, and deliver triglycerides to the muscle (for energy) and adipose tissue (for storage). Chylomicron remnants deliver the cholesterol and the remaining triglycerides to the liver, where cholesterol is used in the synthesis of bile salts and triglycerides and free fatty acids are used in the production of energy by β-oxidation and synthesis of new molecules of cholesterol. The synthesis of cholesterol in hepatocytes is known as the endogenous pathway.
It is relevant to mention that unesterified cholesterol can also be transported back into the intestinal tract by selective transporters, such as the ATP-binding cassette transporters ABCG5 and ABCG8 [55]. A new generation of lipid-lowering drugs that stimulate the ATP-binding cassette transporter is being investigated [56].

Endogenous Pathway



The hepatic pathway is the major source of cholesterol in the body. Circulating free fatty acids, which are released by the action of endothelial lipoprotein lipase on the chylomicrons, are taken up by the liver, where they are oxidized and transformed into acetyl-coenzyme A (acetyl-CoA), a source of energy and the "raw material" for the intracellular synthesis of cholesterol. Alternatively, free fatty acids combine with cholesterol to form triglycerides [52].
The major regulatory step in the hepatic synthesis of cholesterol from acetyl-CoA is the transformation of hydroxymethylglutaryl-coenzyme A (HMG-CoA) to mevalonic acid. This requires the participation of a selective enzyme-HMG-CoA reductase [50,53]. Selective inhibitors of HMG-CoA reductase, such as statins, effectively prevent the synthesis of cholesterol and are powerful hypolipidemic drugs [31,57].
Newly formed cholesterol molecules can either be transiently stored in the hepatocytes or further transformed either into bile salts, steroids, or "packaged" in lipoproteins. These lipoproteins, which carry cholesterol and triglycerides from the liver into the circulation, are known as very-low density lipoproteins (VLDL) and have a very high content in triglycerides and cholesterol. VLDLs comprise 15% to 20% of the total blood cholesterol and most of the circulating triglycerides [31,52].
In the liver, cholesterol is also eliminated by biliary secretion in the form of bile acids. Bile acids, which are highly soluble in water, are released by the hepatocytes into the biliary canaliculi and then transported to the gallbladder, where they are stored in bile and later released into the lumen of the small intestine. Most bile acid molecules (>95%) are not excreted in the feces, but rather are reabsorbed in the ileum, enter the portal circulation, and are then extracted with high first-pass efficiency by hepatocytes. This process of recycling bile acids between liver and intestine is known as enterohepatic circulation. In fact, recycled cholesterol from bile acids is a major source of cholesterol and represents 75% of the total cholesterol that goes through the intestine; dietary cholesterol, even in patients with rich diets, accounts only for up to 25%.



5. AN OVERVIEW OF LIPOPROTEINS



STRUCTURE AND MOLECULAR COMPONENTS



Triglycerides and cholesterol are non-polar lipids that are virtually insoluble in water. To facilitate their transport in plasma and lymph, they are packaged as lipoproteins. These large spherical macromolecules that transport cholesterol and triglycerides in the plasma vary in size (ranging from 5–1,200 nm in diameter) and density (determined by the ratio of lipid to protein content).
Lipoproteins have a hydrophobic core of non-polar triglycerides and cholesteryl ester (a form of cholesterol linked by an ester bond to a fatty acid) surrounded by a monolayered shell of more water-soluble phospholipids, non-esterified cholesterol, and amphipathic surface proteins known as apoproteins.
Apoproteins (also known as apolipoproteins) are a family of surface proteins that perform three important functions: stabilizing the structure of the lipoprotein shell, activating enzymes in the plasma and endothelial cells, and binding to selective cell receptors [27,30,31,58]. Specific apoproteins regulate the metabolic fate of lipoproteins, and their physiologic role can be compared to "molecular zip codes" that determine the destination of specific lipoproteins in the body. Each type of lipoprotein contains one or more specific types of apoproteins.
There are four major classes of apoproteins: Apo A, Apo B, Apo C, and Apo E. In terms of clinical relevance, the following lipoproteins are the most important: Apo A-I, Apo A-II, Apo B-100, Apo C, and Apo E [27,31].

CLASSES OF LIPOPROTEINS AND LIPOPROTEIN PHYSIOLOGY



Lipoproteins are classified by size and density. Because proteins are denser than lipids, the greater the protein content, the greater the density of the lipoprotein. There are five types of lipoproteins: chylomicrons, VLDLs, intermediate-density lipoproteins (IDLs), LDLs, and HDLs (Table 2).

Table 2: PLASMA LIPOPROTEINS
	Characteristic	Chylomicrons	Very-Low-Density Lipoprotein (VLDL)	Intermediate-Density Lipoprotein (IDL)	Low-Density Lipoprotein (LDL)	High-Density Lipoprotein (HDL)
	Density	<0.95 g/mL	0.95–1.006 g/mL	1.006–1.019 g/mL	1.019–1.063 g/mL	1.063–1.210 g/mL
	Diameter	75–1,200 nm	30–80 nm	25–35 nm	18–25 nm	5–12 nm
	Protein	2%	10%	18%	25%	33%
	Total lipid	98%	90%	82%	75%	67%
	Triglycerides	83%	50%	31%	10%	8%
	Cholesterol	8%	22%	29%	45%	30%
	Phospholipid	7%	18%	22%	20%	29%
	Major apoproteins	Apo B-48 Apo C-II Apo E	Apo B-100 Apo C-II Apo E	Apo B-100 Apo C-II	Apo B-100	APO A-I APO A-II Apo C-II Apo E


Source: Compiled by Author


Plasma Lipid Profiles



Prior to discussing in detail the properties of the various lipoproteins, it is important to review the most pertinent information related to plasma lipid profiles. In fasting individuals, total cholesterol in plasma is carried primarily in VLDL, LDL, and HDL. Accordingly, total cholesterol is equal to the sum of VLDL, HDL, and LDL.
Clinical laboratories measure total cholesterol, HDL, and triglycerides. Most triglycerides are found in VLDL, which has five times as much triglyceride by weight as cholesterol. Therefore, the amount of cholesterol in VLDL can be calculated as triglycerides (mg/dL) divided by 5 or triglycerides (mmol/dL) divided by 2.2.
For more than 50 years, most clinical laboratories have calculated the value of LDL cholesterol indirectly, according to the Friedewald equation [59,60]:
LDL (mg/dL) = total cholesterol (mg/dL) – HDL (mg/dL) – [triglycerides (mg/dL)
            / 5]


Or, if the International System of Units is used, total LDL may be calculated as:
LDL (mmol/dL) = total cholesterol (mmol/dL) – HDL (mmol/dL) – [triglycerides
            (mmol/dL) / 2.2]


A modified Friedewald equation is also used and has been suggested to have a higher level of accuracy in calculating LDL values [61,62]. This equation is:
LDL (mg/dL) = [non-HDL cholesterol (mg/dL) x 0.9] – [triglycerides (mg/dL) x
            0.1]


It is known that in hypertriglyceridemia, LDL calculated using the Friedewald equation can be unreliable, particularly at levels <70 mg/dL. The increased prevalence of high triglyceride states (e.g., diabetes, obesity) and the use of novel lipid lowering medications (e.g., PCSK9 inhibitors) have provided an impetus for finding improved methods for estimating LDL.
Direct LDL assays are not standardized and can be even less accurate than the Friedewald equation. In one study of seven direct methods for measuring LDL, total assessment errors ranged from 13.3% to 13.5% across assays in healthy individuals and from -26.6% to 31.9% in individuals with known ASCVD or dyslipidemias. The National Cholesterol Education Program has a target total error goal of ≤13%, meaning that all seven direct assays failed standard accuracy goals [63,64].
Several prior equations have attempted to improve upon the Friedewald equation, but most used the same fixed ratio between triglycerides and VLDL. In a study of more than 1.3 million fasting and nonfasting patients, Martin and colleagues derived and validated a novel equation that replaced the fixed ratio with one of 180 adaptable ratios based on the patient's individual non-HDL and triglyceride values. The overall accuracy of the Martin/Hopkins approach compared with direct measurement was 92% for HDL and 85% for triglycerides. LDL estimation accuracy with the Martin/Hopkins equation was 94%, compared with 77% with the Friedewald method [65]. The 2018 AHA/ACC guideline acknowledges the importance of accurate LDL estimation and recommends measuring LDL either directly or with an alternative method (e.g., the Martin/Hopkins equation) [24,63].


Evidence Based Practice Recommendation

In adults who are 20 years of age or older and not on lipid-lowering
            therapy, the ACC/AHA assert measurement of either a fasting or a nonfasting plasma lipid
            profile is effective in estimating ASCVD risk and documenting baseline LDL. If an
            individual has ingested an extremely high-fat meal in the preceding eight hours, it may
            be prudent to assess lipids on another day after counseling the patient to avoid such
            meals.
http://www.onlinejacc.org/content/73/24/e285?_ga=2.118995977.141815126.1563751668-1264536891.1558548868

             Last Accessed: July 21, 2019
Level of Evidence: Expert
            Opinion/Consensus Statement


The ratio of total cholesterol (TC) to HDL (TC:HDL) and the ratio of LDL to HDL (LDL:HDL) are clinically relevant predictors of coronary heart disease (CHD) risk. The lower the ratio value, the better the predicted outcome [66,67,68,69]. The Apo B:Apo A-I lipoprotein ratio has also been used as a predictor for CHD. However, comparative studies have concluded that Apo B:Apo A-I ratio for prediction of CHD "does not provide incremental value for CHD risk prediction over established traditional lipid ratios" [66]. However, the ratio may be useful for evaluating the severity of CHD [70]. A cross-sectional study enrolled 792 patients with angiographically defined CHD following hospital admission. The patients were placed into three groups based on the degree of angiographic atherosclerosis or the number of stenotic coronary branches. Demographic and biochemical data were collected, and lipoprotein ratios were calculated. According to the results, the ratios of LDL:HDL and Apo B:Apo A-I increased with increasing degree of angiographic atherosclerosis, and the ratios of triglyceride:HDL, TC:HDL, LDL:HDL and Apo B:Apo A-I increased with the number of stenotic coronary branches. The ratios of TC:HDL, LDL:HDL, and Apo B:Apo A-I were positively associated with both the degree of atherosclerosis and the number of stenotic vessels, and the ratio of triglyceride:HDL was positively associated with the number of stenotic vessels. The Apo B:Apo A-I ratio was also shown to be a direct mediator between the risk factors of age, BMI, HDL, LDL, and severity of CHD [70].

Chylomicrons



Chylomicrons are large lipoproteins 75–1,200 nm in diameter
          that are very rich in lipids (98% content), mainly triglycerides (83%) and cholesterol
          (8%), and have the lowest protein content (2%) of all lipoproteins. Chylomicrons are only
          synthesized in the intestine and are produced in large amounts during fat ingestion [53]. In normolipidemic individuals they are
          present in the plasma for 3 to 6 hours after fat ingestion and are absent after 10 to 12
          hours fasting [14].
Original chylomicrons secreted by intestinal cells are also known as "incomplete" chylomicrons and only express Apo B-48. They enter the lymph and later reach the bloodstream. They interact with circulating HDL, from which they receive Apo C-II and Apo E and become "complete" chylomicrons. In the capillaries of muscle and adipose tissue, chylomicrons are transformed by the enzyme lipoprotein lipase, a process that requires Apo C-II as a cofactor. As a result of this process, 90% of the triglycerides are hydrolyzed to free fatty acids and glycerol that will be used either as a source of energy in the muscle or stored in the adipose tissue. Individual chylomicrons have a short half-life of 15 to 20 minutes [71]. After interaction with lipoprotein lipase, these cholesterol-rich chylomicron remnants deliver cholesterol and triglycerides to the liver. This process of endocytosis is mediated by a protein, the LDL receptor, expressed on the surface of hepatocytes and requires Apo E and Apo B as cofactors [72].
The concentration of chylomicrons can only be lowered by reduction of dietary fat consumption or drugs that inhibit the intestinal absorption of cholesterol. However, drugs specifically targeting the step of chylomicron secretion have not yet been developed [14]. Although rare, individuals with a genetic deficiency that results in low lipoprotein lipase activity may present with abnormally high concentrations of circulating triglycerides (1,000–5,000 mg/dL) [31].

Very-Low-Density Lipoproteins



VLDLs are smaller than chylomicrons (80 nm in diameter) and have a very high triglyceride and cholesterol content—five times as much triglycerides by weight as cholesterol. As noted, VLDL makes up 15% to 20% of the total blood cholesterol and most of the circulating triglycerides [73].
In the muscle and adipose tissue capillaries, lipoprotein lipase interacts with circulating VLDL, from which it removes triglycerides in a process that requires Apo C-II as a cofactor, as described for chylomicrons. VLDL also expresses Apo E and Apo B-100. Apo B-100 plays a fundamental role in the regulation of circulating cholesterol.
From a metabolic viewpoint, both chylomicrons and VLDL deliver triglycerides to muscle and adipose tissue [30]. However, whereas chylomicrons are an integral part of the exogenous pathway and carry dietary lipids, VLDL transport triglycerides and cholesterol synthesized in the liver as a part of the endogenous pathway. From a clinical perspective, it is particularly relevant to point out that the hepatic synthesis of VLDL is increased when the concentration of free fatty acids in the liver is increased (e.g., in high-fat diets) as well as when adipose tissue releases high amounts of free fatty acids in the circulation (e.g., as a result of obesity or diabetes) [46]. Genetic deficiencies that result in either total (abetalipoproteinemia) or partial liver failure to produce Apo B-100 (familial hypobetalipoproteinemia) inhibit the release of VLDL by hepatocytes and result in fatty liver [74].

Intermediate-Density Lipoproteins



IDLs, also known as VLDL remnants, are created when VLDL is depleted in triglycerides as a result of the hydrolysis by the enzyme lipoprotein lipase. IDLs have a short half-life (less than 30 minutes) and undergo liver absorption by selective uptake mainly by binding to the LDL receptor, with Apo B-100 and Apo E as required cofactors. Genetic variants of Apo E are responsible for low binding to the LDL receptor, which results in high concentrations of circulating VLDL and IDL, a condition clinically known as type III hyperlipoproteinemia [14,75].

Low-Density Lipoproteins



LDLs play a central role in atherogenesis and are often called "bad cholesterol." The discovery of the LDL receptor by Goldstein and Brown and their work elucidating its role in cholesterol homeostasis is one of the most important advances in cardiovascular research. Their studies have been a major contribution to the understanding of the mechanisms underlying hyperlipidemias [72]. The proatherogenic role of LDL on the release of pro-inflammatory cytokines (e.g., IL-1, TNF-α) and adhesion molecules (e.g., LAM, ICAM-1) is well established.
LDLs are the product of VLDL and IDL metabolism by lipoprotein lipase. LDL is the most cholesterol-rich of all lipoproteins, and even in healthy individuals, LDLs carry two-thirds of the circulating cholesterol [14]. LDL has a half-life of 1.5 to 2 days, which accounts for a plasma concentration higher than VLDL and IDL [14,46,53,57].
There are several subtypes, also known as subfractions, of LDL, and it has been proposed that smaller, denser LDL particles are more atherogenic than larger and less dense LDL. However, research suggests that the use of clinically available LDL subfractions to estimate the risk of ASCVD is premature [76,77,78].
Plasma clearance of LDL is primarily mediated by the LDL receptor expressed on the cell surface. Although LDL receptors are expressed in various cell types, approximately 75% of all LDL receptors are expressed in hepatocytes [79]. The uptake of LDL in hepatocytes is mediated by the interaction between the LDL receptor and Apo B-100 (the only apoprotein expressed in LDL), which acts as a ligand at the LDL receptor. This selective and highly effective mechanism accounts for the extraction of approximately 75% of all LDL from plasma [80]. Hepatic LDL receptors are downregulated by the high delivery of cholesterol by chylomicrons or dietary saturated fat and upregulated by decreased cholesterol and saturated fat intake [46,81].
The crucial role of LDL in atherogenesis results from it being oxidized in the arterial subendothelium. Oxidized LDL has a high affinity for the scavenger receptor expressed in macrophages undergoing endocytosis, which leads to intracellular accumulation and the transformation of lipid-rich macrophages into foam cells.
Genetic mutations of either the LDL receptor or Apo B-100
          alter the effectiveness of the binding and increase the plasma concentration of LDL.
          Familial hypercholesterolemia and familial defective Apo B-100 are examples of clinical
          conditions that result from these genetic mutations [82,83]. Homozygotes for
          familial hypercholesterolemia inherit two mutant LDL receptor genes and present with a 6-
          to 10-fold elevation in plasma LDL from birth. These patients suffer from advanced CHD
          starting in early childhood [72,84].
The expression of LDL receptors in the liver is also
          regulated by the intracellular enzyme HMG-CoA reductase. Inhibition of HMG-CoA reductase,
          for example by the administration of statins, not only results in direct inhibition of the
          intracellular synthesis of cholesterol but indirectly increases the expression of LDL
          receptors and therefore promotes the LDL-receptor-mediated removal of circulating
          cholesterol.
The LDL receptor is also relevant from a clinical
          perspective because both thyroid hormones and estrogens stimulate its expression in the
          liver [80,85]. Consequently, deficiencies of these
          hormones decrease the availability of LDL receptors and result in increased concentrations
          of circulating LDL and increased risk of ASCVD [14,80].
The subtype of lipoprotein(a) is associated with increased risk for ASCVD [12,27,31,46,47]. Lipoprotein(a) has a similar lipid composition to more typical LDL but has a higher protein content [86]. The atherogenic role of lipoprotein(a) relates to its unique molecular properties and results in the inhibition of fibrinolysis, enhanced capacity to traverse the arterial endothelium, and low affinity for the LDL-receptor-mediated clearance from circulation [47]. Lipoprotein(a) also exhibits platelet activating and pro-inflammatory properties that further contribute to atherogenesis [87]. Patients with high levels of lipoprotein(a) (greater than 30 mg/dL) and an elevated total cholesterol:HDL ratio (>5.5) or other major risk factors require a more aggressive therapy to lower LDL [23,49]. Lowering circulating LDL remains the primary goal in the treatment and prevention of atherosclerosis and ASCVD [15,22,24].

High-Density Lipoproteins



HDLs are the smallest (5–12 nm in diameter) but the
          densest lipoproteins (33% protein content). HDL removes cholesterol from the periphery and
          transports it to the liver [53]. HDLs are
          a heterogeneous population classified based on size, density, and apoprotein content. The
          two most important subclasses of HDL express either Apo A-I alone or both Apo A-I and
          A-II, but the clinical relevance of the various subtypes is unknown [88].
HDL concentration in the plasma is inversely related to the risk of ASCVD, and for this reason HDL is also known as "good cholesterol." The role played by HDL in the transport of cholesterol from the periphery to the liver, known as reverse cholesterol transport, and subsequent excretion in bile is a very well-understood mechanism through which HDL protects against atherosclerosis [88,89].
Two main factors are involved in cholesterol removal from the periphery. First, a cell membrane protein (ABCA1) promotes the efflux of cholesterol from cell membranes; second, ABCA1 interacts with Apo A-I from HDL and captures cholesterol. Cholesterol, in the form of cholesteryl esters, is subsequently transferred to LDL, which will carry it to the liver. In the liver, hepatic extraction requires binding to the LDL receptor. Genetic mutations that cause loss of function of ABCA1 result in extremely low levels of HDL and cholesterol accumulation in the liver, spleen, tonsils, and central and peripheral nervous systems. This results in early-life coronary and peripheral artery disease, a condition known as Tangier disease or familial alpha-lipoprotein deficiency [90,91].
In vitro and in vivo studies have revealed that HDL has
          anti-inflammatory and antioxidant properties and inhibits atherogenesis. It has been
          suggested that high levels of HDL have a protective effect on the development of
          atherosclerosis and ASCVD [88,92].
However, authors of a systematic review of clinical
          studies concluded that "simply increasing the amount of circulating HDL does not
          necessarily confer cardiovascular benefits" and that reduction of LDL should remain "the
          primary goal for lipid-modifying interventions" [93]. Other researchers concluded that raising endogenous HDL levels in
          humans to reduce the development of atherosclerosis "has yet to be established
          conclusively" [88]. Together, these
          studies further support the recommendation that lowering LDL should remain the target goal
          for patients with hyperlipidemia and/or at risk for ASCVD-related conditions [22,24].



6. CLASSIFICATION OF HYPERLIPIDEMIAS



Hyperlipidemias, also known as dyslipidemias, are elevations of LDL cholesterol either alone or in conjunction with triglycerides. As noted, they may also be associated with low HDL.
In 2013, the National Heart, Lung, and Blood Institute (NHLBI) discontinued its publication of clinical practice guidelines, instead choosing to provide its systemic evidence reviews to professional organizations, who will then publish guidelines based on these and other findings [94]. This change affected five cardiovascular disease-related documents that were in the process of being crafted, including those addressing cholesterol, blood pressure, risk assessment, lifestyle interventions, and obesity. The AHA and the ACC published guidelines intended to update the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) recommendations in 2013, but these guidelines focused primarily on optimal statin use and did not address specific risk factors or lifestyle changes [95].
In the 2013 ACC/AHA update to the NCEP-ATP III, one major change in the treatment recommendations was the removal of specific LDL and non-HDL-cholesterol target values. The NCEP-ATP III guidelines indicated that the target goal for LDL should be <100 mg/dL; however, the Expert Panel determined that there was not sufficient evidence to support treatment to a specific target goal [96,97]. The 2018 AHA/ACC update to the 2013 guideline includes a limited restoration of LDL treatment targets, particularly in higher-risk groups, based on the results of U.S. population studies and randomized controlled trials confirming the general principle that for LDL, "lower is better" [24]. For the purposes of this course, the 2018 AHA/ACC guideline recommendations will be discussed.
Hyperlipidemias are classified by etiology as primary or secondary, or by phenotype according to identification of lipoprotein patterns, as with Fredrickson phenotypic classification (Table 3). In practice, a combination of both classifications is used, as the patient's condition is first identified based on clinical evidence and lipid profile, providing the data required for classification based on etiology [31,46,67,79,98].

Table 3: LIPOPROTEIN PATTERNS OF HYPERLIPIDEMIAS (FREDRICKSON PHENOTYPES)
	Phenotype	Elevated Lipoproteins	Elevated Lipids
	I	Chylomicrons	Triglycerides
	IIa	LDL	Cholesterol
	IIb	LDL and VLDL	Triglycerides and cholesterol
	III	VLDL and chylomicron remnants	Triglycerides and cholesterol
	IV	VLDL	Triglycerides
	V	Chylomicrons and VLDL	Triglycerides and cholesterol


Source: [46,98]


Advances in genetics, genomics, and proteomics have contributed to a better understanding of the pathophysiology of numerous diseases and to the development of new and selective therapies. However, their contribution to the study of primary hyperlipidemias is still limited [99]. While gene therapy is being developed to treat patients with known genetic abnormalities, the genetic profile and precise molecular basis of primary hypertriglyceridemia is known for only 5% to 10% of cases; this percentage is even lower for secondary hyperlipidemia [100,101,102].
PRIMARY HYPERLIPIDEMIAS



Primary hyperlipidemias result from single or multiple genetic mutations that target any of the molecules that participate in the endogenous and exogenous lipid pathways. These mutations result in increased plasma concentrations of cholesterol (pure or isolated hypercholesterolemia), triglycerides (pure or isolated hypertriglyceridemia), or both (mixed or combined hyperlipidemia) and are the result of either increased synthesis or decreased clearance. HDL concentrations may be lower than normal, either from decreased synthesis or increased clearance.
At the early stages, primary hyperlipidemias are
        asymptomatic. However, as the disease progresses, a constellation of signs and symptoms
        develop, such as eruptive xanthomas (located on the trunk, back, buttocks, elbows, knees,
        hands, and feet), severe hypertriglyceridemia (greater than 2,000 mg/dL), lipemic plasma
        (i.e., plasma develops a creamy supernatant when incubated overnight), and lipemia retinalis
        (i.e., creamy white-colored blood vessels in the fundus) often associated with premature CHD
        or peripheral vascular disease [46,100,103].
Familial hypercholesterolemia and familial defective Apo B-100 are examples of clinical conditions that result from LDL receptor and Apo B-100 deficiencies, respectively [82,83,104]. Other genetic mutations cause familial hypertriglyceridemia, familial combined hyperlipidemia, familial chylomicronemia, and familial dysbetalipoproteinemia [31,46,100,105,106].
Polygenic hypercholesterolemia, also known as nonfamilial
        hypercholesterolemia, is the most common form of hyperlipidemia, with a prevalence of more
        than 25% in the American population [106].
        Polygenic hypercholesterolemia is a typical example of the combination of multiple genetic
        deficiencies that result in decreased activity of the LDL receptor and reduction of LDL
        clearance. This underlying genetic susceptibility, not yet completely understood, becomes
        apparent with dietary intake of saturated fats, obesity, and sedentary lifestyle. Twenty
        percent of polygenic hypercholesterolemia patients have a family history of CHD. Patients
        present with mild-to-high increases in total cholesterol (250–350 mg/dL or 6.5–9.0 mmol/L)
        and LDL (130–250 mg/dL or 3.33–6.45 mmol/L). A combination of lifestyle changes (e.g.,
        reduction in saturated fat) and lipid-lowering drugs (e.g., statins, bile acid sequestrants,
        ezetimibe, niacin) effectively control the condition [31,107].
Familial hypercholesterolemia is an autosomal dominant disease responsible for defective
        LDL receptors that results in either reduction in receptor synthesis or inability of the
        receptor to bind and/or efficiently remove LDL. The heterozygous form (caused by a single
        abnormal copy of the gene) has a prevalence of 1 per every 500 in the United States, and the
        homozygous form (from two abnormal copies) occurs in 1 of every 1 million Americans [107,108]. Patients typically present with tendon xanthomas, premature MI (5% by
        30 years of age and 50% by 50 years of age in untreated heterozygotes), elevated total
        cholesterol (275–500 mg/dL in heterozygotes and 700–1,200 mg/dL in homozygotes), and
        elevated triglycerides (250–500 mg/dL in heterozygotes and >500 mg/dL in homozygotes)
          [107,108]. Familial hypercholesterolemia heterozygotes respond to lifestyle
        changes and drug therapy that combines statins with other drugs that upregulate the LDL
        receptors, such as bile acid sequestrants, ezetimibe, or niacin. Due to the high risk of CHD
        and MI in homozygous patients, the clinical management requires early treatment in medical
        centers specialized in lipid treatment and often requires LDL apheresis (i.e.,
        extracorporeal removal of LDL) and liver transplantation [30,31,46,107,108]. Three drugs have
        been FDA-approved for homozygous familial hypercholesterolemia since 2012, a microsomal
        triglyceride transfer protein inhibitor (lomitapide), an antisense oligonucleotide inhibitor
        (mipomersen), and an adenosine triphosphate-citrate lyase inhibitor (bempedoic acid). A box
        warning for risk of hepatotoxicity was added to mipomersen in 2016. Lomitapide and
        mipomersen inhibit the synthesis of Apo B–100, while bempedoic acid inhibits renal tubular
        organic anion transporter 2 [109,110,233]. Familial hypertriglyceridemia is a common autosomal dominant disease
        characterized by high triglycerides (200–500 mg/dL or 2.3–5.7 mmol/L) and normal LDL.
        Lipid-lowering drugs (e.g., fibrates, niacin, statins) combined with diet and weight loss
        are the most appropriate therapy [30].

SECONDARY HYPERLIPIDEMIAS



Secondary hyperlipidemias are associated with primary underlying conditions such as obesity (increased triglycerides and decreased HDL), diabetes (increased triglycerides and increased total cholesterol), alcohol abuse (increased triglycerides and increased HDL), chronic renal insufficiency (increased total cholesterol and increased triglycerides), and hypothyroidism (increased total cholesterol). It has been postulated that these events expose an underlying genetic or metabolic deficiency that increases the individual's susceptibility to develop hyperlipidemia [31,100].
Along with polygenic hypercholesterolemia, atherogenic dyslipidemia is one of the most common forms of hyperlipidemias. Atherogenic dyslipidemia is found in approximately 25% of patients with dyslipidemias and is usually diagnosed in patients with metabolic syndrome. In atherogenic dyslipidemia patients there is increased mobilization of triglycerides and cholesterol from adipose tissue to the circulation. This results in increased concentrations of triglycerides and VLDL rich in Apo C-III. Apo C-III inhibits lipoprotein lipase and prevents extraction of triglycerides from VLDL. Moderate-to-high increases in triglycerides (150–500 mg/L or 1.69–5.65 mmol/dL) result from high fat intake and mobilization from adipose tissue and VLDL secretion by the liver. These patients are treated with lifestyle changes aimed at weight reduction and increasing physical activity (which stimulates lipoprotein lipase activity). Statins (to lower VLDL) and fibrates (to lower triglycerides) are the most appropriate drugs to complement lifestyle changes [31,111]. Studies support the use of antioxidants as well as newer fibrates in the treatment of atherogenic dyslipidemia based on their agonism at the peroxisome proliferator-activated receptor α (PPAR-α) [112,113].
Secondary hyperlipidemias can also be associated with a
        number of drug-induced conditions such as estrogen therapy (increased triglycerides and
        increased total cholesterol), atypical antipsychotics (increased triglycerides),
        corticosteroids (increased total cholesterol), selective α-blockers without intrinsic
        sympathetic activity or α-antagonism (increased total cholesterol and decreased HDL), and
        thiazides (modest increase in total cholesterol and LDL) [67,114].
In summary, secondary hyperlipidemias with elevated
        triglycerides are the primary lipid abnormality in patients with obesity, diabetes, alcohol
        abuse, hormone replacement therapy, and atypical antipsychotic therapy. Secondary
        hyperlipidemias with elevated cholesterol are the main dyslipidemia in patients with chronic
        renal failure, hypothyroidism, and typical β-blocker use (e.g., propranolol,
        atenolol).
From a clinical perspective, identification of the lipid profile, classification of the hyperlipidemia, and management of comorbidity are particularly relevant to help patients lower cholesterol and triglyceride levels necessary to reduce ASCVD risk [22,25,46,100,105].


7. APPROACHES TO CLINICAL MANAGEMENT OF HYPERLIPIDEMIAS





Evidence Based Practice Recommendation

The U.S. Preventive Services Task Force (USPSTF) recommends that adults
        without a history of cardiovascular disease (CVD) use a low- to moderate-dose statin for the
        prevention of cardiovascular events and mortality when all of the following criteria are
        met: 
	They are 40 to 75 years of age.
	They have one or more CVD risk factors.
	They have a calculated 10-year risk of a cardiovascular event of 10% or
              greater.


Identification of dyslipidemia and calculation of 10-year CVD event risk
        requires universal lipids screening in adults 40 to 75 years of age. 
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/statin-use-in-adults-preventive-medication1
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Management of existing hyperlipidemia is a cornerstone in the
      prevention and management of ASCVD. In large randomized controlled trials, LDL lowering has
      been consistently shown to reduce the risk of ASCVD. However, in clinical practice, absolute
      responses in LDL levels to statin therapy depend on baseline LDL levels and the intensity of
      lipid-lowering therapy. A given dose of statins produces a similar percentage reduction in LDL
      levels across a broad range of baseline levels; therefore, percentage reduction is a more
      reliable indicator of statin efficacy. The 2018 AHA/ACC guideline uses percentage reduction to
      estimate the efficacy of statin therapy, with the primary goal being a ≥50% reduction in LDL
      levels [24].
Hypertriglyceridemia is associated with an increased risk of ASCVD events and acute pancreatitis, and lowering triglyceride levels in high-risk patients (e.g., those with ASCVD or diabetes) is associated with decreased cardiovascular morbidity and mortality. The management of mixed dyslipidemia remains controversial, so treatment should focus primarily on lowering LDL levels [105].
Baseline levels are needed to accurately evaluate the patient's response to therapy and can be estimated by pretreatment measurements, chart reviews, or measurement after a brief interruption of drug therapy. It is important to note that baseline cholesterol levels may vary by geography and among ethnic minority populations. For example, cholesterol values are about 20% higher in the Western population than in the Asian population [67]. The 2018 AHA/ACC guideline provides recommendations for the accurate measurement of baseline LDL levels (Table 4) [24,63].

Table 4: AHA/ACC RECOMMENDATIONS FOR ASSESSMENT OF BASELINE LEVELS OF LDL AND NON-HDL
	
              In adults 20 years of age or older not on lipid-lowering therapy,
                  measurement of either a fasting or a nonfasting plasmaa
                  lipid profile is effective in estimating ASCVD risk and documenting baseline LDL
                  (Class I, based on moderate-quality evidence).
In adults 20 years of age or older in whom an initial nonfasting lipid
                  profile reveals a triglyceride level of ≥400 mg dL (≥4.5 mmol/L), perform a repeat
                  lipid profile in the fasting state for assessment of fasting triglyceride levels
                  and baseline LDL (Class I, based on moderate-quality evidence).
For patients with an LDL level <70 mg/dL (<1.8 mmol/L), measurement of
                  direct LDL or modified LDL estimate is reasonable to improve accuracy over the
                  Friedewald formula (Class IIa, based on limited data).
In adults 20 years of age or older without a personal history of ASCVD but
                  with a family history of premature ASCVD or genetic hyperlipidemia, measurement of
                  a fasting plasma lipid profile is reasonable as part of an initial evaluation to
                  aid in the understanding and identification of familial lipid disorders (Class
                  IIa, based on limited data).


          
	aBoth fasting and nonfasting total cholesterol and HDL
              levels appear to have similar prognostic value and associations with ASCVD outcomes.
              Therefore, nonfasting samples can be used for risk assessment in primary prevention
              and for assessment of baseline LDL levels prior to initiation of a statin. If more
              precision is necessary, fasting lipids can be measured, but a nonfasting sample is
              reasonable for most situations.


Source: [24]



8. LIFESTYLE MODIFICATION





Evidence Based Practice Recommendation

The ACC/AHA recommend emphasizing a heart-healthy lifestyle across the
        life course in all individuals.
http://www.onlinejacc.org/content/73/24/e285?_ga=2.118995977.141815126.1563751668-1264536891.1558548868
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It is important for healthcare professionals to have a good understanding of the recommendations regarding lifestyle changes for lipid management before detailed discussion of pharmacotherapy is initiated. These changes include diet, weight reduction, smoking cessation, and physical activity.
The 2018 AHA/ACC guideline supports the recommendations for
      lifestyle changes outlined in the previous guideline on lifestyle management [24,115]. Adults who would benefit from LDL lowering are advised to follow a
      dietary pattern that [115]:
  
	Emphasizes the intake of fruits, vegetables, and whole grains
	Includes low-fat dairy products, poultry, fish, legumes, nontropical vegetable oils, and nuts
	Limits the intake of sweets, sugar-sweetened beverages, and red meats
	Allows for no more than 5% to 6% of calories from saturated fat
	Reduces calories from trans fat


It is important to adapt the dietary pattern to the patient's
      calorie requirements, personal and cultural food preferences, and nutrition therapy for other
      medical conditions, including diabetes. A successful dietary approach to lipid lowering
      requires instruction by a dietitian or other knowledgeable healthcare professional.
Instructions to patients should not be presented as a list of
      "foods to avoid" but rather should provide dietary alternatives and teach the patients how to
      make appropriate dietary choices and control portions. A balanced diet, particularly in the
      modality known as the Mediterranean diet, is associated with a significant reduction in
      cardiovascular events and mortality [116,117,118]. The Mediterranean diet is characterized by meals predominately consisting
      of vegetables/fruits, lean protein, and healthy fats (e.g., olive oil) and the moderate
      consumption of wine. Plans such as those offered by the USDA's Dietary Guidelines for
      Americans, the AHA Diet and Lifestyle Recommendations, and the DASH Eating Plan can also help
      the patient achieve recommended lifestyle changes [119,120,121].
Physical activity stimulates the activity of lipoprotein
      lipase in adults as well as in children, lowers triglycerides and VLDL, and promotes
      cardiovascular fitness and weight loss [31,122]. As such, patients should be
      encouraged to engage in moderate-intensity physical activity on most days of the week unless
      contraindicated.
Although dietary changes should always be included in the
      treatment of hyperlipidemias, the length of time given to lifestyle changes prior to
      initiation of pharmacotherapy remains controversial. In patients with low cardiovascular risk,
      it has been proposed that the efficacy of dietary and other lifestyle changes can be assessed
      in two to three visits over a two- to three-month period. Drug therapy is recommended only in
      select patients with moderately-high LDL (≥160 mg/dL) or patients with very-high LDL (190
      mg/dL). High-intensity or maximal statin therapy plus ezetimibe and/or a PCKS9 inhibitor is
      recommended for the patient at very-high risk (i.e., history of multiple major ASCVD events)
        [24].
CONSIDERATIONS FOR NON-ENGLISH-PROFICIENT PATIENTS



Because patient education is such a vital aspect of encouraging lifestyle changes in patients with elevated lipid levels, it is each practitioner's responsibility to ensure that information and instructions are explained in such a way that allows for patient understanding. When there is an obvious disconnect in the communication process between the practitioner and patient due to the patient's lack of proficiency in the English language, an interpreter is required.
In this multicultural landscape, interpreters are a valuable resource to help bridge the communication and cultural gap between clients/patients and practitioners. Interpreters are more than passive agents who translate and transmit information back and forth from party to party. When they are enlisted and treated as part of the interdisciplinary clinical team, they serve as cultural brokers, who ultimately enhance the clinical encounter.


9. LIPID-LOWERING MEDICATIONS



Prior to discussing specific therapeutic indications of lipid-lowering drugs in the treatment of hyperlipidemias, it is timely to summarize their relevant mechanisms of action and therapeutic properties. The subsequent sections provide updated information regarding the pharmacologic properties and clinical profile of lipid-lowering drugs and uses the pharmacologic resources and therapeutic guidelines recommended in North America, as well as current drug information [25,30,31,46,57,105,100,123,124,125,126,127,128].
DRUGS THAT INHIBIT CHOLESTEROL ABSORPTION IN THE INTESTINE



Bile Acid-Binding Resins



Mechanism of Action
              and Clinical Pharmacology


Evidence Based Practice Recommendation

Under certain circumstances, the ACC/AHA assert that nonstatin
            medications (i.e., ezetimibe, bile acid sequestrants, and PCSK9 inhibitors) may be
            useful in combination with statin therapy.
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Bile acid-binding resins, also known as bile acid
          sequestrants, are cationic polymers that bind to the negatively charged bile acids in the
          lumen of the intestine. The bile-acid complex cannot be absorbed by the intestinal mucosa
          and is subsequently eliminated in the feces [129]. Bile acids are the source of 75% of cholesterol in the intestine, and
          inhibition of their reabsorption effectively disrupts chylomicron formation and decreases
          the availability of cholesterol and triglycerides in the liver.
These events upregulate 7α-hydroxylase, also known as cytochrome P450 7A1 (CYP7A1), the enzyme responsible for the synthesis of bile acid in the liver. This increases the conversion of cholesterol to bile acid synthesis in hepatocytes. Consequently, the intracellular recruitment of cholesterol to bile acid synthesis both depletes its intracellular storage and upregulates the expression of LDL receptors to remove circulating cholesterol. Ultimately, the therapeutic benefit of these drugs is to lower circulating LDL by 10% to 24% [30].
The LDL-lowering benefit of bile acid-binding resins is offset in the long term by the upregulation of cholesterol and triglyceride synthesis and a possible increase in VLDL synthesis. Accordingly, these drugs should be used cautiously in patients with hypertriglyceridemia.
Bile acid-binding resins lower the incidence of coronary events in middle-aged men by about 20%, with no significant effect on total mortality [67]. Overall, bile acid-binding resins have a solid safety record, have been shown to lower LDL by 10% to 24%, and help reduce the risk of CHD [30,31,130,131]. Colesevelam, the newest drug in this class, lowers glycated hemoglobin and fasting plasma glucose and is approved as add-on therapy for glycemic control in select patients with type 2 diabetes [109,132].
Adverse Effects
Bile acid-binding resins have very low potential to cause systemic adverse effects because they are not absorbed systemically. However, some patients may report gastrointestinal symptoms, including constipation (10%), dyspepsia, and bloating (1% to 8%) [109,133].
Drug Interactions
The bile acid-binding resins cholestyramine, colestipol, and to a lesser extent colesevelam inhibit intestinal absorption of a variety of lipophilic drugs. This includes fat-soluble vitamins (A, D, E, and K), corticosteroids, estrogens, progestins, thyroid and thyroxine preparations, and negatively charged (i.e., acidic) compounds such as warfarin, nonsteroidal anti-inflammatory drugs (NSAIDs), acetaminophen, valproic acid, folic acid, furosemide and thiazide diuretics, digitalis glycosides, tetracyclines, propranolol, and the oral antidiabetic drugs glipizide, troglitazone, and glyburide. These drug interactions increase intestinal elimination of the drug-resin complexes, resulting in decreased absorption, drug bioavailability, and therapeutic efficacy.

Cholesterol Absorption Inhibitors



Mechanism of Action and Clinical Pharmacology
Cholesterol absorption inhibitors block the intestinal absorption of cholesterol of dietary and biliary origin as well as plant sterols. Plant sterols (also known as phytosterols) and ezetimibe block the absorption of cholesterol in the intestine through two different mechanisms of action. Phytosterols are more hydrophobic than cholesterol and displace the latter from micelles, promoting its intestinal elimination. The absorption of sterols and cholesterol across cells of the intestinal lumen requires the participation of the molecular transporter NPC1L1. Sterol binding to the NPC1L1 transporter further inhibits cholesterol absorption. Sterols are available from plant sources, dietary fiber supplements, and plant sterol-enriched margarines. If absorbed in the intestine, sterols' action against cholesterol is compromised.
Ezetimibe selectively targets and inhibits the transporter
          NPC1L1, preventing the uptake of cholesterol and phytosterol across the intestinal lumen.
          Ezetimibe is indicated as adjunctive therapy to diet for the reduction of total
          cholesterol, LDL, and Apo B in patients with primary (heterozygous familial and
          nonfamilial) hyperlipidemia [109,133]. It lowers LDL by 15% to 20% and causes
          minimal increases in HDL, but its beneficial effect on prevention of CHD remains unclear.
          This agent is synergistic with statins and, if taken in conjunction, can lower LDL by up
          to 25% in addition to the results obtained by statins alone [109,134]. Ezetimibe is available in a combination formulation with the statin
          simvastatin under the brand name Vytorin. A second combination formulation combining
          ezetimibe with the statin atorvastatin, brand name Liptruzet, received U.S. Food and Drug
          Administration (FDA) approval in 2013. However, Liptruzet was recalled in 2014 for
          packaging issues and discontinued in 2016 [109,133,135,136].
Ezetimibe reduces cholesterol absorption by approximately 50%. However, quite unlike the bile acid-binding resins, it does not prevent the absorption of triglycerides or fat-soluble vitamins, and the effects of ezetimibe in the prevention of CHD have not yet been clearly established [30,46,67,137,138].
Adverse Effects
Upper respiratory tract infection (4%), sinusitis (3%), diarrhea (4%), arthralgia (3%), and pain in an extremity (4%) are the most commonly reported adverse events associated with these medications [109].
Drug Interactions
Ezetimibe interacts with cyclosporine, cholestyramine, and fibrates. The combination of ezetimibe with a statin is contraindicated in patients with active liver disease or unexplained persistent elevations in serum transaminases, as well as in pregnant and nursing women [109,133].


FIBRATES



Mechanism of Action and Clinical Pharmacology



Fibrates, also known as fibric acid derivatives, are agonists at the PPAR-α. These nuclear receptors are expressed primarily in hepatocytes and muscle cells, and their stimulation by fibrates results in activation of specific genes and subsequent changes in lipid metabolism. The lipid-lowering properties of fibrates result from multiple mechanisms of action, namely activation of lipoprotein lipase, which lowers triglycerides and VLDL; inhibition of Apo C-III synthesis in the liver, preventing the inhibitory action of Apo C-III on lipoprotein lipase activity; and stimulation of Apo A-I and Apo A-II expression, which increases HDL levels [139].
The removal of triglycerides from chylomicrons alters the size and composition of LDL from small, dense particles (which are thought to be more atherogenic due to their susceptibility to oxidation) to large, buoyant, and less atherogenic particles that have a greater affinity for LDL receptors and are rapidly cleared from the plasma. The fibrates fenofibrate, gemfibrozil, and bezafibrate decrease triglyceride levels by 20% to 50%, increase HDL 10% to 20%, and lower LDL by about 5% to 15%, although the latter result is quite variable [109].
Fibrates are indicated in the treatment of hypertriglyceridemias and dysbetalipoproteinemia and in individuals with moderately elevated triglyceride levels (150–400 mg/dL or 1.7–4.5 mmol/L), a sign often associated with metabolic syndrome. Fibrates are also indicated in the prevention of pancreatitis in patients with severely high triglyceride levels (greater than 1,000 mg/dL or 11.3 mmol/L) [109].
Fibrates are one of the most prescribed lipid-lowering drugs, second only to statins, and it is clinically relevant that they have been shown to reduce fatal and non-fatal ASCVD by about 20%, although their effect on LDL, as mentioned previously, is limited and variable.

Adverse Effects



Fibrates are usually well tolerated. Gastrointestinal side effects such as diarrhea, nausea, dyspepsia, and abdominal pain, are reported by 5% of patients. Even less common adverse effects include skin rash, myalgias, headache, and impotence [109].

Drug Interactions



Myositis occurs in up to 5% of patients taking a fibrate who are also being treated with statins. When combined with statins, fenofibrate is the preferred drug because it has less risk of rhabdomyolysis compared with gemfibrozil [140].
Fibrates potentiate the effects of oral anticoagulants (e.g., warfarin), as they compete for their binding sites to albumin. Fibrates also increase cholesterol excretion into the bile, leading to a risk of cholelithiasis. In patients with suspected cholelithiasis, diagnostic studies should be conducted; if gallstones are found, fibrate therapy should be discontinued [109].


STATINS



Mechanism of Action and Clinical Pharmacology



HMG-CoA reductase inhibitors, usually known as statins, are the most effective and the most prescribed class of lipid-lowering drugs. Statins selectively inhibit HMG-CoA reductase, the enzyme responsible for the conversion of HMG-CoA to mevalonate, the rate-limiting step in cholesterol synthesis in the liver [109].
The first statin to be tested and approved for clinical
          use, lovastatin, was isolated from the mold Aspergillus
            terreus, and pravastatin and simvastatin are chemically modified derivatives
          of the original molecule. Atorvastatin, fluvastatin, and rosuvastatin are synthetic
          compounds with distinct molecular structures. Lovastatin, pravastatin, and simvastatin are
          inactive prodrugs that require hydroxylation in the liver into their active forms.
          Although all statins are clinically very effective, rosuvastatin, atorvastatin, and
          simvastatin have the highest drug efficacy in this class (Table
            5).

Table 5: STATIN DOSES REQUIRED TO REDUCE LDL TO BASELINE GOAL
	Agent	Percent Reduction in LDL
                  Necessary to Reach Goal
	20% to 25%	26% to 30%	31% to 35%	36% to 40%	41% to 50%	51% to 55%
	Rosuvastatin	—	—	—	5 mg	10 mg	20–40 mg
	Atorvastatin	—	—	10 mg	20 mg	40 mg	80 mg
	Simvastatin	—	10 mg	20 mg	40 mg	80 mga	—
	Lovastatin	—	20 mg	40 mg	80 mg	—	—
	Pravastatin	10 mg	20 mg	40 mg	80 mg	—	—
	Fluvastatin	20 mg	40 mg	80 mg	—	—	—
	Pitavastatin	—	1–4 mg	—	—	—	—
	aIncreasing to 80 mg is not
                  routinely recommended. Reserve for patients who have been taking this dose for
                  more than 12 consecutive months without evidence of myopathy.


Source: [14,24,109,141]


The selective inhibition of hepatic HMG-CoA reductase initiates a cascade of events that results in decreased synthesis of cholesterol; decreased liver release of VLDL; and activation of the transcription factor SREBP2, which upregulates the LDL receptor and consequently increases the clearance of plasma LDL. As 60% to 70% of serum cholesterol is synthesized in the liver by HMG-CoA reductase, inhibition of this enzyme drastically lowers circulating LDL [142].
In addition to the lipid-lowering actions of statins,
          studies suggest that the drugs are also implicated in a number of additional actions known
          as pleiotropic effects. This includes modulation of endothelial function, decrease in
          vascular inflammation, neuroprotection, and immunomodulation by inhibition of major
          histocompatibility complex II expression, which is upregulated in patients with
          myocarditis, multiple sclerosis, and rheumatoid arthritis [143,144,145]. Statins have
          been linked to a reduction in the risk of developing Alzheimer disease independent of the
          drugs' lipophilicity [145,146].
As stated, the percentage reduction in LDL levels is used
          to estimate the efficacy of statin therapy, with the primary goal being a ≥50% reduction
            [24]. In clinical practice, absolute
          responses in LDL levels to statin therapy depend on baseline levels and the intensity
          (i.e., low, moderate, or high) of lipid-lowering therapy [24].
In addition to efficacy, therapeutic goals, and patient preferences, the clinical choice of a statin also considers cost and drug safety. Lovastatin, simvastatin, and pravastatin have all been shown to be safe in clinical trials involving thousands of subjects for five or more years. This should be particularly taken into account when treating younger patients.
The combination of statins with other lipid-lowering drugs
          further improves the lipid-lowering outcome. The combination of simvastatin with ezetimibe
          lowers LDL by an additional 18% to 20% compared with simvastatin alone [147]. Administration of a statin with a bile
          acid-binding resin (e.g., cholestyramine, colestipol) produces 20% to 30% greater
          reductions in LDL than statins alone [148,149].
Statins are well absorbed through the gastrointestinal system and are metabolized in the liver by cytochrome P450. Metabolites are eliminated through the bile and excreted in the feces and, to a much lesser extent, by the kidneys. These drugs should not be used in patients with active liver disease and should be used cautiously at lower doses in patients with kidney disease [109].
Statins are effective in the prevention of ASCVD [67,150,151]. In a 2009 review and meta-analysis, these drugs are referred to as "the most important advance in stroke prevention since the introduction of aspirin and antihypertensive treatments" [152]. Analysis of the risk-benefit ratio of statins after one year of treatment reveals that an estimated 1,587 cases of fatal and non-fatal cases of ASCVD were prevented against 3.4 cases of rhabdomyolysis [140,153,154].

Adverse Effects



Dizziness (7%), diarrhea (4.5%), nausea/vomiting (3%), and abdominal cramps (3%) are among the most frequently reported adverse effects. Statins are contraindicated during pregnancy and lactation [128].
Statins are associated with hepatotoxicity and elevated transaminases in 1% to 2% of patients [128]. However, in 2014, the FDA concluded that the rate of liver injury associated with statin use is rare enough that routine liver enzyme screening while using statins is not needed. It is recommended that liver enzyme tests be performed before statin use begins and then only if there are symptoms of liver damage, including extreme fatigue, loss of appetite, right upper abdominal discomfort, dark urine, or jaundice [155,156].
The FDA has also noted a small increase in the risk for type 2 diabetes while taking statins. It is noted that there may be a need to assess blood sugar levels after beginning statin use, especially in those with other risk factors [156].
The incidence of myopathy, characterized by muscle pain, weakness, and grossly elevated creatine kinase levels (>10 times the upper limit of normal), with the use of a statin alone is reported in 0.1% to 0.2% of patients [128]. Yet, studies have indicated that the occurrence of statin-induced myopathy may be much higher than originally reported, as high as 10% to 15% of patients treated with statins [140,157].
A deficiency in coenzyme Q10 (CoQ10), a product of the HMG-CoA reductase pathway selectively inhibited by statins, has been proposed as a possible mechanism of statin-related myotoxicity. Although CoQ10 serum levels are below normal in patients taking statins, there is no direct correlation between myotoxicity and CoQ10 levels in muscle cells. Furthermore, studies of supplementation with CoQ10 to prevent myopathy in patients taking statins have not found conclusive evidence of effectiveness [140,158,159,160]. Alternatively, other studies have shown that the inhibition of HMG-CoA reductase by statins inhibits mitochondrial function, increases intracellular calcium, and activates apoptosis (i.e., programmed cell death) [161]. This latter mechanism is being further investigated and may play a crucial role in the development of lipid-lowering drugs with an even higher safety profile [140].
The occurrence of rhabdomyolysis, defined as skeletal muscle necrosis with release of potentially toxic muscle cell components into the general circulation, has been rarely reported. Possible complications of rhabdomyolysis include myoglobinuric acute renal failure, disseminated intravascular coagulation, hyperkalemia, and cardiac arrest.
The risk of myopathy or rhabdomyolysis increases with higher statin plasma levels, which can be the result of higher doses, decreased hepatic clearance, or drug interactions [109,156,162].
The AHA/ACC recommend that a clinician-patient risk discussion be conducted prior to the initiation of statin therapy to review and weigh the risk reduction benefit against the potential for adverse effects, drug-drug interactions, and safety. Patients with statin-associated muscle symptoms should be evaluated for nonstatin causes and predisposing factors. When a statin is indicated, identify predisposing factors for statin-associated side effects (e.g., new-onset diabetes mellitus, muscle symptoms) prior to initiating statin therapy (Table 6) [24].

Table 6: AHA/ACC RECOMMENDATIONS FOR STATIN SAFETY AND MANAGEMENT OF STATIN-ASSOCIATED SIDE EFFECTS
	
                  In patients with nonsevere statin-associated side effects, reassess and
                      rechallenge to achieve maximal LDL lowering by modified dosing regimen,
                      alternate statin, or in combination with nonstatin therapy (Class I, based on
                      moderate-quality evidence).
In patients with increased diabetes risk or new-onset diabetes, continue
                      statin therapy with added emphasis on adherence, net clinical benefit, and
                      core principles of healthy lifestyle (Class I, based on moderate-quality
                      evidence).
In patients treated with statins, measure creatine kinase levels in
                      individuals with severe SAMS and objective muscle weakness. Measure liver
                      transaminases as well as total bilirubin and alkaline phosphatase (hepatic
                      panel) if symptoms suggest hepatotoxicity (Class I, based on limited
                      data).
In patients at increased ASCVD risk with chronic, stable liver disease
                      (including non-alcoholic fatty liver disease), when appropriately indicated,
                      it is reasonable to use statins after obtaining baseline measurements and
                      determining a schedule of monitoring and safety checks (Class I, based on
                      moderate-quality evidence).
In patients at increased ASCVD risk with severe SAMS or recurrent SAMS
                      despite appropriate statin rechallenge, it is reasonable to use randomized
                      controlled trial-proven nonstatin therapy that is likely to provide net
                      clinical benefit (Class IIa, based on moderate-quality evidence).


          
	SAMS = statin-associated muscle symptoms.


Source: [24]



Drug Interactions



Statins have pharmacokinetic interactions with drugs that inhibit their metabolism and increase their bioavailability, such as CYP3A4 inhibitors (e.g., azole antifungals, erythromycin, protease inhibitors, amiodarone, grapefruit) and CYP2C9 inhibitors (e.g., NSAIDs, phenytoin, warfarin), as well as drugs that potentiate statins' therapeutic and adverse effects (e.g., fibrates, niacin). These interactions increase statin toxicity [67,128,163]. Interaction between statins and fibrates, particularly with gemfibrozil, increases the risk of rhabdomyolysis. For this reason, fenofibrate is preferred when the two classes are combined [140].

Clinical Outcome





Evidence Based Practice Recommendation

The more LDL is reduced on statin therapy, the greater will be
            subsequent risk reduction. Therefore, the ACC/AHA recommend patients with clinical ASCVD
            be treated with a maximally tolerated statin to lower LDL levels by ≥50%.
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Statins, the most potent lipid-lowering drugs, are indicated in a variety of clinical conditions and are effective in the prevention of ASCVD and stroke. They lower LDL in a dose-dependent manner by 20% to 55% and are accepted as the drug of choice in the treatment of elevated LDL. They are also effective in the treatment of hypertriglyceridemias when levels are greater than 250 mg/dL, although fibrates remain the drug of choice for hypertriglyceridemias. When elevation of HDL is required, niacin remains the drug of choice, although co-administration of statins and niacin may be considered in patients who also have an elevated LDL. Co-administration of statins and niacin, fibrates, or ezetimibe increases the lipid-lowering benefit but also increases the risk for adverse effects. Furthermore, randomized controlled trials do not support the use of fibrates and niacin as add-on drugs to statin therapy. However, if a fibrate is necessary in a patient being treated with a statin, it is safer to use fenofibrate than gemfibrozil due to lower risk of severe myopathy [24]. These patients should be carefully monitored.
In patients taking statins who develop myopathy and creatine kinase levels 10 or more times higher than normal, immediate discontinuation of the drug is recommended. Dietary therapy and lifestyle changes should be implemented and other lipid-lowering drugs, such as niacin, fibrates, and bile-acid sequestrants, should be considered. The National Lipid Association Muscle Expert Panel guidelines recommend considering the re-introduction of low doses of statins in conjunction with ezetimibe in cases in which the lipid-lowering benefit of statins outweighs the risk of myopathy [140,164].


NICOTINIC ACID DERIVATIVES



Mechanism of Action and Clinical Pharmacology



Niacin, also known as nicotinic acid or vitamin B3, is a
          water-soluble vitamin that at physiologic levels is a substrate for nicotinamide adenine
          dinucleotide (NAD) and NAD phosphate (NADP), important cofactors in intermediary
          metabolism. Niacin is available in normal- or extended-release formulation as well as in
          conjunction with lovastatin (as Advicor).
The lipid-lowering and vasodilatory effects of niacin are not related to its vitamin properties. The discovery that the vasodilatory properties of niacin result from its binding to a G protein-coupled receptor (GPR109A) expressed in blood vessels has allowed for better understanding of the mechanisms underlying its metabolic and vascular effects [165]. In addition, further evidence suggests that the lipid-lowering effects result from niacin binding to another G protein-coupled receptor on adipocytes that inhibits lipoprotein lipase and prevents triglyceride release from chylomicrons. The vasodilatory effect of niacin, on the other hand, involves the release of vasodilatory prostaglandins D2 and E2 [30].
It is relevant to emphasize that niacinamide, a nicotinic acid derivative usually preferred as a vitamin supplement, has neither lipid-lowering nor vasodilatory properties [30,166]. The lipid-lowering effects of niacin require a dose of 1,500–3,000 mg/day, whereas the recommended vitamin dose is 50 mg/day.
Niacin has low cost, a long history of clinical trials,
          and extensive use as a safe lipid-lowering drug, supported by evidence that it is
          effective in the prevention of ASCVD [31].
          However, it is no longer recommended, except in specific clinical situations, such as a
          patient with triglyceride levels >500 mg/dL, a patient who is not able to achieve
          desired response, or a patient with intolerance to other therapies [109]. Although niacin has a mild LDL-lowering
          action, randomized controlled trials do not support its use as an add-on to statin
          therapy, and it is not listed as an LDL-lowering drug option in the 2018 AHA/ACC guideline
            [24]. Niacin has not been shown to
          reduce ASCVD outcomes beyond that achieved with statin use, and it may be associated with
          harm [167,168,169].


FISH OIL DERIVATIVES



Mechanism of Action and Clinical Pharmacology



A 1975 study conducted by Danish scientists showed that the composition of plasma lipids (e.g., cholesterol esters, triglycerides, phospholipids) varied considerably in the Inuit population of Greenland when compared both to the European Danish and to Inuit living in Denmark [170]. Interestingly, epidemiologic studies showed that Inuit living in Greenland following a traditional diet rich in fat had a lower mortality from ASCVD than Inuit living in Denmark who followed a Western diet. This puzzling observation is known as the "Eskimo paradox" [171]. It is now well established that, although individual genetic background plays an important role in the development of ASCVD, the answer is the type of dietary fat consumed. Greenland Inuit consume a traditional diet rich in omega-3 fatty acids from fish and fish-eating mammals (seal and whale) rather than a diet poor in omega-3 sources such as the traditional Western diet [172].
Omega-3 polyunsaturated fatty acids are considered
          essential fatty acids because humans, as well as other mammals, are unable to synthesize
          these compounds efficiently. Eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) are
          omega-3 polyunsaturated fatty acids derived from alpha-linolenic acid (ALA). Although
          humans are able to transform negligible amounts of ALA into EPA and DHA (<1%), dietary
          supplementation is the only physiologically relevant source [173]. Omega-3 fatty acids EPA and DHA are
          abundant in fatty fish, such as salmon, mackerel, sardines, trout, and herring, and other
          seafood sources, as well as in walnuts and canola, flaxseed, and linseed oils. Vegetable
          oils such as soybean, corn, sunflower, safflower, and cotton seed oils are good dietary
          sources of omega-6 fatty acids, which will be discussed in detail later in this course
            [57,174,175,176].
Although the mechanism of action of omega-3 fatty acids is not yet completely understood, both preclinical and clinical studies provide solid evidence that EPA and DHA both reduce the synthesis and secretion of VLDL and increase triglyceride removal from VLDL and chylomicrons through the upregulation of lipoprotein lipase [177]. The distinct mechanisms of action of omega-3 fatty acids differ from other lipid-lowering drugs, which helps to explain why they have complementary lipid benefits when administered with statins [173]. Omega-3 fatty acids also have well established antiarrhythmic, antihypertensive, anti-atherogenic, and antithrombotic properties [173,178,179,180,181,182,183].
Omega-3 fatty acids are effective in primary and secondary prevention of CHD, reduce the risk of sudden cardiovascular mortality by 45%, and provide a 20% relative risk reduction in overall mortality [175,180,184,185,186,187,188]. EPA and DHA omega-3 fatty acids lower triglycerides by 20% to 50% and were approved by the FDA in 2004 as adjunct to the diet for the treatment of very high triglyceride levels (≥500 mg/dL or 5.65 mmol/L) [189]. The effects on LDL seem to vary among studies from moderate dose-dependent increases to decreases in LDL. A moderate increase in HDL (5% to 10%) is more consistently reported [173,190,191]. As a result, omega-3 fatty acids are used in the treatment of hypertriglyceridemias, either alone or in conjunction with other lipid-lowering drugs.
Omega-3 fatty acids are readily available as dietary supplements in the United States. It is important to note that dietary supplements are not FDA-required to demonstrate safety and efficacy prior to marketing, whereas prescription products are. Dietary supplements generally contain lower levels of EPA and DHA than prescription products, are not approved or intended to treat disease, and may have levels of EPA and DHA that vary widely within and between brands. Supplements should not be substituted for prescription products, as they may also contain unwanted cholesterol or fats or potentially harmful components, including toxins and oxidized fatty acids [192].
Omega-3 fatty acids also are readily available in the United States as prescription
          medications. One prescription medication is comprised of 900 mg of ethyl esters of omega-3
          fatty acids, a combination of EPA (approximately 500 mg) and DHA (approximately 400 mg)
            [189]. A second available medication
          consists of 1,000 mg omega-3 in free fatty acid form, which is intended to improve the
          bioavailability [193]. This drug contains
          approximately 500–600 mg EPA, 150–250 mg DHA, and 150–350 mg other omega-3 fatty acids.
          Drug labeling dosage information indicates a dose of 4 g/day, taken as a single 4-g dose
          (four capsules) or as two 2-g doses (two capsules twice daily) [189]. In one study, a minimum dose of 500 mg
          per day of combined EPA/DHA was recommended for individuals without underlying overt
          ASCVD, and 800-1,000 mg/day was recommended for individuals with CHD and heart failure
            [194]. A 2009 review validated the
          beneficial effects of EPA/DHA alone or in conjunction with fibrates in the reduction of
          triglycerides. It also further corroborated the safety profile of omega-3 polyunsaturated
          fatty acids [195]. In 2019, the FDA
          approved icosapent ethyl, a prescription omega-3 fatty acid, as an adjunctive therapy (to
          maximally tolerated statin therapy) to reduce the risk of cardiovascular events in adults
          with elevated triglyceride levels (≥150 mg/dL), cardiovascular disease and/or diabetes,
          and at least two additional risk factors [232]. 
The omega-3 fatty acids EPA and DHA are safe and cost effective and are indicated as an adjunct to diet in patients with hypertriglyceridemias [109,189]. They may be considered for triglyceride levels >1,000 mg/dL and may be used alone or in conjunction with HMG-CoA reductase inhibitors [109].Omega-3 fatty acids are effective in the prevention of ASCVD. Their effect on cardiovascular morbidity and mortality has not been determined [189].

Adverse Effects



Omega-3 fatty acids are remarkably well tolerated. Minor gastrointestinal symptoms (e.g., fishy aftertaste, eructation, diarrhea) may be observed in a dose-related manner [189]. Clinical trials have concluded that omega-3 fatty acids do not have adverse effects on plasma glucose levels, bleeding, levels of muscle or liver enzymes, or kidney or nerve function.
Contaminants such as methylmercury, polychlorinated biphenyls, and dioxins may be concentrated in certain species of fish, such as shark, swordfish, king mackerel, and golden snapper. The FDA and the Environmental Protection Agency have issued a statement advising women who are or may become pregnant, breastfeeding mothers, and young children to avoid eating some types of fish and to eat fish and shellfish that are lower in mercury [196]. However, the levels of contaminants in omega-3 fatty acids, either as generic supplements or in the ethyl ester formulation, are well below acceptable levels of toxicity due to extensive purification processes. In April 2009, the FDA posted a warning regarding the ethyl ester formulations of omega-3 fatty acids reporting anaphylactic or severe allergic reactions (i.e., rash, hives, itching, difficulty breathing, tightness in the chest, swelling of the mouth, face, lips, or tongue) and hemorrhagic diathesis [197].

Drug Interactions



Due to their antiplatelet effect, omega-3 fatty acids may increase bleeding time in a dose-dependent manner [109,189]. However, no cases have been reported, even when administered at high doses alone or in combination with anticoagulant medications. In patients receiving anticoagulant medication, it has been recommended that bleeding times be monitored during the first three to six months, the time normally required for omega-3 fatty acids to reach their maximum clinical effect.


STEROLS AND STANOLS



Mechanism of Action and Clinical Pharmacology



Plant sterols and stanols, also known as phytosterols, are bioactive compounds structurally and physiologically similar to cholesterol. Sterols are present naturally in small quantities in many fruits, vegetables, nuts, seeds, cereals, legumes, vegetable oils, and other plant sources, and stanols occur in even smaller quantities in many of the same sources [57,173,174,175,176,198,199].
Omega-6 polyunsaturated fatty acids such as gamma-linoleic
          acid (GLA) are derived from linoleic acid. Omega-9 polyunsaturated fatty acids, unlike
          omega-3 and omega-6, are non-essential because they can be synthesized in humans. The most
          relevant omega-9 fatty acid is oleic acid, which is present in olive oil, and
          supplementation is not required.
The lipid-lowering properties of omega-6 polyunsaturated fatty acids, and linoleic acid in particular, are related to their ability to alter various steps of the intestinal absorption of cholesterol. Specifically, they downregulate the intestinal expression of the cholesterol transporter NPC1L1, compete with cholesterol for binding to NPC1L1, lower the cholesterol esterification rate by ACAT2, decrease the amount of cholesterol secreted via the chylomicrons, and upregulate the expression of ATP-binding cassette-transporters ABCG5 and ABCG8 in intestinal cells, which may result in an increased excretion of cholesterol by the enterocyte back into the lumen [199].
The beneficial role played by omega-6 polyunsaturated fatty acids in the prevention of CHD results from their transformation into anti-inflammatory and vasodilatory eicosanoids, such as prostacyclin and lipoxin A4. Some studies, however, have recommended dietary reductions in omega-6 intake, based on the potential risk of increased transformation of omega-6 into pro-inflammatory, vasoconstrictive, pro-platelet aggregation eicosanoids, such as prostaglandin E2, thromboxane A2, and leukotriene B4. An advisory of the AHA has concluded that [200]:
Aggregate data from randomized trials, case-control and cohort studies, and long-term animal feeding experiments indicate that the consumption of at least 5% to 10% of energy from omega-6 polyunsaturated fatty acids reduces the risk of CHD relative to lower intakes. The data also suggest that higher intakes appear to be safe and may be even more beneficial (as part of a low-saturated-fat, low-cholesterol diet). In summary, the AHA supports an omega-6 polyunsaturated fatty acid intake of at least 5% to 10% of energy in the context of other AHA lifestyle and dietary recommendations. To reduce omega-6 polyunsaturated fatty acid intakes from their current levels would be more likely to increase than to decrease risk for CHD.

Adverse Effects



No serious side effects have been reported with omega-6 fatty acids. Some minor gastrointestinal effects may resemble those described for the omega-3 polyunsaturated fatty acids. Plant sterols and stanols lower plasma levels of beta-carotene by 25% and vitamin E by 8% [201].

Drug Interactions



Bile acid sequestrants and additives and drugs that impair the absorption of fat and soluble nutrients, such as olestra and orlistat, have the potential to significantly impair absorption of omega-3, 6, and 9 polyunsaturated fatty acids.


NOVEL PHARMACOTHERAPIES FOR HYPERLIPIDEMIAS



The discovery of lipid-lowering drugs has been a major contribution to the clinical management of hyperlipidemias and the prevention of ASCVD. However, the incidence of lipid disorders and resultant cardiovascular pathology continues to increase worldwide.
Existing available therapies are generally effective. Statins are the most prescribed lipid-lowering drugs because of their therapeutic efficacy and beneficial effects on the prevention of ASCVD, although the potential for the occurrence of serious adverse effects in a small number of patients requires monitoring. Other therapies, including bile acid-binding resins, ezetimibe, fibrates, niacin, and omega-3 polyunsaturated fatty acids, either alone or co-administered with other lipid-lowering drugs, including statins, can further lower LDL and triglycerides or raise HDL. However, patients with severe hypercholesterolemia or those intolerant to statins may not attain the recommended targets with available regimens. In fact, it is estimated that 10% of patients are not able or cannot tolerate available therapies to achieve recommended LDL goals [140]. So, continued research for globally effective pharmacotherapy is underway.
Advances in pharmacologic research have provided new molecular insights on lipid metabolism, and translational knowledge is being applied to the development of novel therapies including squalene synthase inhibitors (e.g., lapaquistat), new generation cholesterol absorption inhibitors, ATP-binding cassette transporter activators/cholesterol excretion stimulators, a new generation of nicotinic acid analogs, microsomal triglyceride transfer protein inhibitors, antisense oligonucleotides against Apo B-100 (e.g., mipomersen), and proprotein convertase subtilisin/kexin type 9 (PCSK9), a serine protease synthesized in the liver, being investigated for its regulatory effect on LDL receptors [56,202,203,204,205,206].
Squalene synthase modulates the first committed step of hepatic cholesterol biosynthesis. Its inhibition results in a reduction in cholesterol synthesis in the liver and upregulation of the LDL receptor. Inhibition of squalene synthase activity occurs downstream from HMG-CoA reductase inhibited by statins. Theoretically, squalene synthase inhibitors reduce LDL cholesterol without causing the myopathy side effect seen with upstream inhibition of HMG-CoA. As of 2013, only one synthase inhibitor, lapaquistat (TAK-475), has undergone extensive development in clinical trials as a monotherapy; however, two cases of severe liver enzyme elevations among more than 5100 study participants exposed to the drug resulted in termination of the development program [207,208].
New generation cholesterol absorption inhibitors (e.g., AVE5530) share some mechanistic properties with ezetimibe, a NPC1L1 transporter inhibitor. However, rather than being partially absorbed in the intestine, they remain in the lumen where they can exert their pharmacologic actions more effectively than ezetimibe. As a result, these agents can inhibit cholesterol absorption for up to 24 hours [209]. These drugs have been subjected to clinical trials. To date, four trials have been terminated and one completed, with results not yet available [210].
The process of cholesterol being transported back into the intestinal tract by selective transporters, such as the ATP-binding cassette transporters, has also been a target for potential treatments [55]. A new generation of drugs that is able to stimulate the ATP-binding cassette transporter and promote cholesterol elimination by enterocytes is being investigated [56].
The discovery of a G protein-coupled receptor for nicotinic acid has provided new insights on its lipid-lowering properties. This has raised the possibility of developing selective agonists that will not share its flush-inducing side effects [165,203].
Microsomal triglyceride transfer protein catalyzes the assembly of cholesterol, triglycerides, and Apo B-100. Microsomal triglyceride transfer protein inhibitors (e.g., AEGR-733, lomitapide) inhibit intestinal assembly of chylomicrons and hepatic synthesis of VLDL, consequently lowering LDL. Initial clinical results showed a dose-dependent reduction of LDL by 19% to 30% when administered alone, or by 46% when administered in combination with ezetimibe [211]. Research is ongoing [212,213].
Antisense oligonucleotides (e.g., mipomersen) are single-stranded DNA that bind to matching mRNA and induce its selective degradation. Pre-clinical studies and small clinical trials have shown a 30% to 50% reduction in LDL with the use of these agents. Increases in transaminases and injection site reactions have been observed, and larger clinical trials are being conducted [210,214].
Downregulation of the LDL receptor by proprotein convertase subtilisin/kexin 9 (PCSK9) has emerged as a regulatory mechanism that controls plasma LDL cholesterol concentrations. Studies have demonstrated that PCSK9, by enhancing hepatic LDL receptor degradation, decreases the availability of the LDL receptor for LDL uptake, resulting in increased plasma LDL cholesterol levels. However, PCSK9 may have much broader roles than initially thought. For example, when human PCSK9 is injected into LDL receptor-deficient mice, it is still rapidly cleared by the liver, suggesting that it is physiologically also cleared by receptors other than the LDL receptor [215,216,217,218]. In 2015, the FDA approved two PCSK9 inhibitors, alirocumab and evolocumab, to be used in conjunction with diet and statin therapy to reduce LDL cholesterol. A third PCSK9, bococizumab, is seeking FDA-approval [219].

ROLE OF LIPID-LOWERING DRUGS IN THE PREVENTION OF ASCVD MORBIDITY AND MORTALITY



As discussed, the clinical approach to hyperlipidemias is aimed at the primary and secondary prevention of ASCVD. As the evidence has shown, it is clear that lipid-lowering strategies play a fundamental role in the primary prevention of ASCVD. Primary prevention is defined as the long-term management of individuals at increased risk for but without clinical evidence of ASCVD and who have not undergone revascularization procedures [220]. Secondary prevention is defined as the clinical management of individuals with a history of ASCVD.
Primary prevention of hyperlipidemias aims to avert new onset CHD and is considered an important aspect of the societal approach to the promotion of cardiovascular health [25]. The goal of primary prevention is to assess and reduce risk factors for CHD in each age group and to emphasize adherence to a healthy lifestyle. This is achieved through two complementary approaches: population strategies and clinical "individual" strategies [24]. Population (public health) strategies shift the distribution of risk factors of the target population to more desirable levels. For example, the 2018 AHA/ACC guideline emphasizes promotion of a heart-healthy lifestyle that improves cardiovascular health and prevents dyslipidemia and other ASCVD risk factors for all age groups. Successful implementation of these recommendations on a population level requires the multidisciplinary team of healthcare providers to help bridge the gap between public health and patient management by supporting and advocating for continued public health initiatives and by encouraging a collaborative effort among healthcare professionals, government agencies, schools, the food industry, and the media [25].
Healthcare delivery is complex, and barriers to guideline implementation can occur at both the public and individual level (Table 7) [24].

Table 7: AHA/ACC RECOMMENDATIONS TO IMPROVE ADHERENCE TO GUIDELINE IMPLEMENTATION
	
                Provide interventions focused on improving adherence to therapy (e.g.,
                    telephone reminders, calendar reminders, integrated multidisciplinary
                    educational activities, pharmacist-led interventions) (Class I, based on
                    high-quality evidence).
Identify patients not receiving guideline-directed medical therapy, and
                    facilitate initiation of appropriate guideline-directed medical therapy using
                    multifaceted strategies to improve guideline implementation (Class I, based on
                    moderate-quality evidence).
Conduct patient-clinician discussion prior to therapy to promote shared
                    decision-making (Class I, based on moderate-quality evidence).


          


Source: [24]


The effectiveness of primary prevention on the cholesterol levels of aging patients has been validated by the slower rate of increase in cholesterol levels associated with aging in patients for whom primary prevention strategies have been implemented [23,25,221]. Attaining lower LDL and triglyceride plasma concentrations can be achieved by a combination of lifestyle changes and drug therapy. As stated, the 2018 AHA/ACC guideline continues to emphasize the adoption of a heart-healthy lifestyle from adolescence onward, as this reduces ASCVD risk at all ages. In all age groups, lifestyle therapy is the primary intervention for metabolic syndrome [24].
Secondary prevention should be initiated in patients with clinical ASCVD. A meta-analysis of randomized controlled trials conducted by the Cholesterol Treatment Trialists demonstrated that lowering LDL with statins reduces major ASCVD events and also benefits patients with stroke or peripheral artery disease [222,223]. Compared with moderate-intensity statin therapy, high-intensity statin therapy significantly reduced major vascular events by 15% with no significant reduction in coronary deaths. High-intensity statin therapy generally reduces LDL levels by ≥50%. However, as stated, absolute benefit depends on baseline levels [24]. Lifestyle changes provide only moderate improvement of the lipid profile in patients with previous ASCVD, so although they should be implemented, pharmacotherapy is required to attain therapeutic goals [23,24].
The complexity of health status in patients with a history of ASCVD requires an approach of multifactorial risk reduction. Multifactorial risk reduction has a synergistic effect on disease progression and clinical outcomes and should be associated with a case management approach [23,224,225]. Case management allows for collaborative and effective expert evaluation, systematic intervention, and regular follow-up. Management should focus not only on the appropriate drug choices but also on patient education and counseling [23,24,225,226].


10. CLINICAL GUIDELINES FOR THE ASSESSMENT OF RISK FACTORS ASSOCIATED WITH HYPERLIPIDEMIAS



The Framingham Heart Study took the lead in creating risk-prediction equations, and previous guidelines made use of the Framingham risk score algorithm. However, the 2013 Work Group for the guideline on assessment of cardiovascular risk decided against using the Framingham algorithm due to its use of an exclusively white sample population and the limited scope of the outcome (i.e., to determine CHD alone) [227]. Instead, the Group compiled data from five community-based cohorts that were broadly representative of the U.S. population. The final pooled cohorts included participants from several large, racially and geographically diverse, NHLBI-sponsored studies. The Group validated pooled cohort equations that provided sex- and race-specific estimates of 10-year risk of first, hard ASCVD event (i.e., MI and stroke, fatal and nonfatal) for African-American and white men and women 40 to 79 years of age (Table 8). Variables included in the risk equation were age, total cholesterol, HDL, systolic blood pressure, diabetes, and current smoking status [227].

Table 8: DISTRIBUTION OF ESTIMATED 10-YEAR RISK OF FIRST HARD ASCVD EVENT IN ASCVD-FREE
        NONPREGNANT U.S. POPULATION, 40 TO 79 YEARS OF AGE, BY SEX AND
          RACE/ETHNICITYa
	Population	Predicted 10-Year Risk of ASCVD
              Event
	<2.5%	2.5% to 4.9%	5.0% to 7.4%	7.5% to 9.9%	10.0% to 14.9%	15.0% to 19.9%	≥20.0%
	Total	33.4%	21.0%	12.7%	7.4%	8.9%	6.3%	10.2%
	All Races/Ethnicities
	Men	17.4%	22.7%	15.6%	10.1%	12.1%	8.8%	13.3%
	Women	48.0%	19.5%	10.0%	5.0%	5.9%	4.1%	7.5%
	White Race/Ethnicity
	Men	18.0%	22.4%	15.7%	10.0%	11.7%	8.7%	13.6%
	Women	47.1%	20.4%	10.7%	5.1%	5.5%	4.1%	7.1%
	African American Race/Ethnicity
	Men	1.4%	23.9%	20.6%	11.8%	17.4%	11.1%	13.8%
	Women	36.5%	18.7%	10.9%	6.5%	9.4%	5.7%	12.3%
	Hispanic Race/Ethnicity
	Men	24.0%	22.1%	13.2%	10.6%	11.4%	6.2%	12.6%
	Women	59.4%	14.5%	7.5%	4.5%	4.9%	3.0%	6.3%
	Other Race/Ethnicities
	Men	20.8%	27.1%	11.6%	7.2%	11.5%	12.3%	9.4%
	Women	59.8%	18.6%	4.4%	1.7%	6.4%	2.4%	6.7%
	aData derived by applying
              pooled cohort equations to National Health and Nutrition Examination Surveys,
              2007-2010.


Source: [227]


Data from the Women's Health Initiative initially appeared to indicate that the pooled cohort equations overestimated the risk of ASCVD, but when event surveillance was improved by data from Centers for Medicare and Medicaid Services, it was found that the equations discriminated risk well [228]. However, because the algorithms may over- or underestimate risk for individual patients, the 2013 AHA/ACC guideline on assessment of cardiovascular risk additionally introduced the clinician-patient risk discussion to facilitate decisions about appropriate therapy. This risk discussion is an integral part of the decision-making process in the 2018 AHA/ACC guideline on the management of blood cholesterol [24,227].
As stated, the pooled cohort equations estimate risk of hard ASCVD events among patients 40 to 79 years of age who are without pre-existing disease. Because pooled cohort equations are population equations, the estimates and recommendations for therapy should be considered in the context of the patient's individual circumstances. Patients are considered to be at elevated risk if the pooled cohort equations estimate is ≥7.5% [24].
The 2018 AHA/ACC guideline defines four categories of ASCVD risk [24]:
	Low (<5%)
	Borderline (5% to <7.5%)
	Intermediate (7.5% to <20%)
	High (≥20%)


A 10-year "intermediate" risk score (10% to 15%) does not automatically mandate a statin, but rather should lead to discussion and shared decision-making between the clinician and the patient [229]. Drug therapy is recommended only in select patients with moderately-high LDL (≥160 mg/dL) or patients with very-high LDL (190 mg/dL).
Three major higher-risk patient categories include those with severe hypercholesterolemia (LDL ≥190 mg/dL), adults with diabetes, and adults 40 to 75 years of age. Patients with severe hypercholesterolemia and adults 40 to 75 years of age with diabetes are candidates for immediate statin therapy without further risk assessment. Adults with diabetes should start with a moderate-intensity statin (i.e., one that lowers LDL by 30% to 49%). A high-intensity statin (i.e., one that lowers LDL by ≥50%) may be indicated as the patient accrues multiple risk factors. In all other adults 40 to 75 years of age, the 10-year risk of ASCVD should guide therapeutic decision making. The higher the 10-year risk, the more likely the patient will benefit from evidence-based statin treatment [24].
The 2018 AHA/ACC guideline confirms the prior recommendation that risk assessment begin with a calculation of the patient's 10-year risk estimate as this will influence the intensity of management, whether it be lifestyle modification, drug therapy, or both [229]. In children, adolescents, and young adults, priority should be estimation of lifetime risk and promotion of lifestyle risk reduction [24]. The ACC ASCVD risk assessment tool is available at http://tools.acc.org/ASCVD-Risk-Estimator-Plus.

11. CLINICAL GUIDELINES FOR THE TREATMENT OF HYPERLIPIDEMIAS



Treatment guidelines for hyperlipidemias were developed by the NCEP-ATP III [230]. These guidelines were partially updated by the 2013 ACC/AHA guideline; however, as discussed, the recommendations provided by the 2018 AHA/ACC guideline will be presented [24]. This guideline reaffirms four major categories of patients for whom statins may be considered (Table 9) [24]:
	Those with clinical ASCVD
	Those with severe hypercholesterolemia (LDL ≥190 mg/dL)
	Those 40 to 75 years of age with diabetes and LDL ≥70 mg/dL
	Those 40 to 75 years of age with no diabetes but with LDL ≥70 mg/dL and ≥7.5% 10-year ASCVD risk



Table 9: AHA/ACC RECOMMENDATIONS FOR STATIN THERAPY
	Age	Patient Factors	Recommendation	Target % LDL
	Patients With ASCVD
	≤75 years	Clinical ASCVD	High-intensity statin (initiate or continue)	≥50%
	Clinical ASCVD and contraindication to high-intensity statin	Moderate-intensity statin (initiate or continue)	30% to 49%
	Clinical ASCVD, at very high risk, being considered for PCKS9 inhibitor
              therapy	Maximally-tolerated LDL-lowering therapy (with maximally tolerated statin and
              ezetimibe)
	Clinical ASCVD, at very high risk, on maximally tolerated LDL-lowering therapy,
              with LDL ≥70 mg/dL or non-HDL ≥100 mg/dL	It is reasonable to add PCSKP-I following clinician-patient discussion
	Clinical ASCVD, on maximally tolerated statin therapy, at very high risk, with
              LDL ≥70 mg/dL	It is reasonable to add ezetimibe
	≥75 years	Clinical ASCVD and evaluated for ASCVD risk reduction, statin adverse effects,
              drug-drug interactions, patient frailty and preferences	It is reasonable to initiate moderate- or high-intensity statin	30% to 49%
	Currently tolerating high-intensity statin therapy and evaluated for ASCVD risk
              reduction, statin adverse effects, drug-drug interactions, patient frailty and
              preferences	It is reasonable to continue high-intensity statin
	Clinical ASCVD, currently receiving maximally tolerated statin therapy but LDL
              level remains ≥70 mg/dL	It may be reasonable to add ezetimibe
	Heart failure and reduced ejection fraction attributable to ischemic heart
              disease and reasonable life expectancy (3 to 5 years), not on statin therapy due to
              ASCVD	May consider initiation or moderate-intensity statin therapy
	Clinical ASCVD, on maximally tolerated statin therapy, at very high risk, with
              LDL ≥70 mg/dL	It is reasonable to add ezetimibe
	Patients With Severe Hypercholesterolemia
	20 to 75 years	LDL ≥190 mg/dL	Maximally-tolerated statin therapy	≥50%
	LDL ≥190 mg/dL, achieves <50% reduction in LDL while receiving maximally
              tolerated statin and/or have LDL ≥100 mg/dL	Ezetimibe therapy is reasonable
	Baseline LDL ≥190 mg/dL, achieves <50% reduction in LDL levels and has fasting
              triglycerides ≤300 mg/dL while taking maximally tolerated statin and ezetimibe
              therapy	Consider adding a bile acid sequestrant
	30 to 75 years	Heterozygous FH with LDL ≥100 mg/dL while taking maximally tolerated statin and
              ezetimibe therapy	Consider adding a PCSK9 inhibitor	≥50%
	40 to 75 years	Baseline LDL ≥220 mg/dL, achieves on-treatment LDL ≥130 mg/dL while receiving
              maximally tolerated statin and ezetimibe therapy	Consider adding a PCSK9 inhibitor	≥50%
	Patients With Diabetes
	40 to 75 years	Diabetes	Moderate-intensity statin, regardless of estimated 10-year ASCVD risk	—
	Diabetes and LDL 70-189 mg/dL	Reasonable to assess 10-year risk of first ASCVD event using race-, sex-specific
              pooled cohort equations	—
	Diabetes with multiple ASCVD risk factors	Reasonable to prescribe high-intensity statin	≥50%
	≥75 years	Diabetes and on statin therapy	Reasonable to continue statin therapy	 
	Diabetes and 10-year ASCVD risk ≥20%	May be reasonable to add ezetimibe to maximally tolerated statin	≥50%
	>75 years	Diabetes	May be reasonable to initiate statin therapy after clinician-patient risk
              discussion	—
	20 to 39 years	Diabetes with specific risk enhancersa	May be reasonable to initiate statin therapy	—
	Patients With No Diabetes But Other Risk
              Factors
	40 to 75 years	LDL ≥70 mg/dL and 10-year ASCVD risk ≥7.5%	Moderate-intensity statin, if favored by clinician-patient risk
              discussion	—
	aDiabetes of long
              durations (≥10 years type 2, ≥20 years type 1), albuminuria, eGFR <60 mL/min/1.73
                m2, retinopathy, neuropathy, ankle-brachial index
              <0.9


Source: [24]


In addition to the patient factors discussed, race and ethnicity inform and influence the estimates of ASCVD risk, treatment intensity, use of lipids, and other issues. For example, when evaluating ASCVD risk, it is useful for the clinician to know that risk in people of South and East Asian origin varies by country of origin. When evaluating lipid issues, it is useful to know that Hispanic/Latina women have a higher prevalence of low HDL compared with Hispanic/Latino men. When evaluating metabolic issues, it is useful to know that there is an increased prevalence of diabetes and hypertension among Black Americans. Country-specific race/ethnicity, along with the patient's socioeconomic status, may affect the estimation of risk by pooled cohort equations [24].
Other patient populations at risk include those with moderate or severe hypertriglyceridemia, women with gender-specific history (e.g., premature menopause, history of pregnancy-associated disorders), adults with chronic kidney disease, adults with chronic inflammatory disorders and HIV, older adults (≥75 years of age), young adults (20 to 39 years of age), and children and adolescents. The 2018 AHA/ACC guideline provides recommendations and considerations for clinical decision-making for these unique patient populations [24]. Additionally, the guideline continues to emphasize adherence to a heart-healthy lifestyle from adolescence onward; promote assessment of lifetime ASCVD risk for young adults 20 to 40 years of age; and emphasize comprehensive lifestyle improvements to prevent development of metabolic syndrome [231].
Adherence to changes in lifestyle and effects of LDL-lowering medication should be assessed by measuring fasting lipids 4 to 12 weeks after initiation of statin therapy or dose adjustment, and every 3 to 12 months thereafter to assess adherence and safety indicators. Good adherence to an LDL-lowering diet will reduce LDL levels by 10% to 15%. Moderate-intensity statins may reduce LDL levels by another 30% to 40%, and high-intensity statins by ≥50%. The intensity of statin therapy will vary according to the patient's age and risk category [24].

12. CONCLUSION



Cardiovascular diseases are a leading cause of death in developed countries. Although the prevalence of ASCVD in developed countries has increased in the past 40 years, the mortality rate has declined as the result of advances in diagnosis and medical and surgical treatments.
The complex interaction between modifiable, non-modifiable, and risk-enhancing risk factors underlies the etiology of ASCVD. It is now well established that hyperlipidemias, and high concentrations of LDL in particular, are implicated in the etiology of atherosclerosis and increased incidence of ASCVD such as coronary artery disease, peripheral vascular disease, and ischemic cerebrovascular disease. Hyperlipidemias are also associated with primary hypertension and metabolic syndrome. As a result, prevention, early diagnosis, and appropriate clinical management of hyperlipidemias have become a public health priority.
Effective lipid management slows the progression of atherosclerosis and lowers morbidity and mortality associated with ASCVD. This requires not only a change in general perceptions but also a multidisciplinary approach to prevention that involves all members of the healthcare team, including physicians, nurses, pharmacists, dietitians, counselors, and physiotherapists.
The evidence-based guidelines for the assessment of cardiovascular risk, treatment goals, lifestyle changes, and pharmacotherapy developed by the AHA/ACC should be followed as the gold standard in clinical practice [24,95,115,120,227]. The primary target in the treatment of hyperlipidemias is to lower LDL; the secondary targets are treating high triglycerides, low HDL, and metabolic syndrome. A variety of lipid-lowering drugs with a favorable risk-benefit profile, in conjunction with implementation of lifestyle changes, is available to meet these goals.
A better understanding of the molecular elements and physiology of the exogenous and endogenous lipid pathways has played a fundamental role in the development of the most potent lipid-lowering drugs. Scientific advances have led to the development of a newer generation of drugs, now undergoing several stages of clinical evaluation, with the potential to improve on existing drugs' risk-benefit profiles. The important role played by the implementation of lifestyle changes, including a balanced diet, in achieving a healthy lipid profile and decreasing the incidence of ASCVD cannot be overstated and should be an integral part of disease management.

13. RESOURCES



The following resources are provided for those clinicians in need of additional information or as patient education sources.

        American Heart Association (AHA)
      
https://www.heart.org


        Professional Heart Daily (A service provided by the AHA)
      
https://professional.heart.org/professional/index.jsp


        My Life Check: Life's Simple 7
      
https://www.heart.org/en/healthy-living/healthy-lifestyle/my-life-check--lifes-simple-7


        Heart and Stroke Foundation of Canada
      
https://www.heartandstroke.ca


        Centers for Disease Control and Prevention Cholesterol
          Homepage
      
https://www.cdc.gov/cholesterol


        National Center for Health Statistics
      
https://www.cdc.gov/nchs


        National Heart, Lung, and Blood Institute
      
https://www.nhlbi.nih.gov
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Pathophysiology is the study of disordered and altered functions affecting the body's
        dynamic homeostasis and the concepts of illness development and progression. This course is
        designed to broaden the nurse's understanding of renal pathophysiology by exploring causes,
        alterations and physiology adaptations, manifestations, and resolution of disease states.
        Pathophysiologic symptoms and signs are described in relation to the patient's clinical
        presentation, allowing the nurse can monitor physical changes and relate them directly to
        the illness process. Appropriate diagnostic tests and treatments for each problem are
        included to provide information about disease progression, remission, and resolution.
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Course Overview



Pathophysiology is the study of disordered and altered functions affecting the body's
        dynamic homeostasis and the concepts of illness development and progression. This course is
        designed to broaden the nurse's understanding of renal pathophysiology by exploring causes,
        alterations and physiology adaptations, manifestations, and resolution of disease states.
        Pathophysiologic symptoms and signs are described in relation to the patient's clinical
        presentation, allowing the nurse can monitor physical changes and relate them directly to
        the illness process. Appropriate diagnostic tests and treatments for each problem are
        included to provide information about disease progression, remission, and resolution.

Audience



This course is designed for nurses working in critical care and general and specialty medical-surgical units in which patients with multiple organ system problems are found.

Course Objective



As health care becomes more complex, it is essential that the theoretical concepts of the basis of illness (pathophysiology) be well understood. The purpose of this course is to reinforce the scientific rationales for the interventions nurses perform and the decisions nurses make as patients move through the ever-changing struggle with their renal illness.

Learning Objectives



Upon completion of this course, you should be able to:
	Identify the key structures in the renal system.
	Describe the functions of the renal system.
	Evaluate the impact of renal function on blood pressure.
	Discuss the pathophysiologic and environmental influences and effects on the renal system.
	Outline the role of subjective data in completing a full nursing assessment of the renal system.
	Describe objective data compiled during a nursing assessment of the renal system.
	Identify imaging and biopsy studies used in the identification and classification of renal diseases.
	Outline the nursing diagnoses, planning, and management of conditions related to renal dysfunction.
	Evaluate the presentation and management of chronic and acute kidney disease and neurogenic bladder.
	Discuss clinical manifestations of infectious diseases of the renal system.
	Review signs and symptoms of renal neoplasms and related nursing actions.
	Review the clinical presentation and management of nephrolithiasis and urolithiasis.
	Describe the common causes, appearances, and treatment of traumatic disorders of the renal system.
	Describe key concepts related to caring for patients who receive dialysis.
	Analyze the process of renal transplantation and nursing management of transplant recipients.
	Outline key considerations for patients with renal dysfunction at the end of life.



Faculty



Jane C. Norman, RN, MSN, CNE, PhD, received her undergraduate education at the University of Tennessee, Knoxville campus. There she completed a double major in Sociology and English. She completed an Associate of Science in Nursing at the University of Tennessee, Nashville campus and began her nursing career at Vanderbilt University Medical Center. Jane received her Masters in Medical-Surgical Nursing from Vanderbilt University. In 1978, she took her first faculty position and served as program director for an associate degree program. In 1982, she received her PhD in Higher Education Administration from Peabody College of Vanderbilt University. In 1988, Dr. Norman took a position at Tennessee State University. There she has achieved tenure and full professor status. She is a member of Sigma Theta Tau National Nursing Honors Society. In 2005, she began her current position as Director of the Masters of Science in Nursing Program.

Faculty Disclosure



Contributing faculty, Jane C. Norman, RN, MSN, CNE, PhD,
                                has disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.

Division Planner



Sharon Cannon, RN, EdD, ANEF

Division Planner Disclosure



The division planner has disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.

Director of Development and Academic Affairs



Sarah Campbell

Director Disclosure Statement




        The Director of Development and Academic Affairs has disclosed no
        relevant financial relationship with any product manufacturer or
        service provider mentioned.
    

About the Sponsor



The purpose of NetCE is to provide challenging curricula to assist
        healthcare professionals to raise their levels of expertise while fulfilling their
        continuing education requirements, thereby improving the quality of healthcare.
Our contributing faculty members have taken care to ensure that the
        information and recommendations are accurate and compatible with the standards
        generally accepted at the time of publication. The publisher disclaims any
        liability, loss or damage incurred as a consequence, directly or indirectly, of
        the use and application of any of the contents. Participants are cautioned about
        the potential risk of using limited knowledge when integrating new techniques into
        practice.

Disclosure Statement



It is the policy of NetCE not to accept commercial support. Furthermore, commercial
        interests are prohibited from distributing or providing access to this activity to
        learners.

Implicit Bias in Health Care




      The role of implicit biases on healthcare outcomes has become a concern,
      as there is some evidence that implicit biases contribute to health
      disparities, professionals' attitudes toward and interactions with
      patients, quality of care, diagnoses, and treatment decisions. This may
      produce differences in help-seeking, diagnoses, and ultimately treatments
      and interventions. Implicit biases may also unwittingly produce
      professional behaviors, attitudes, and interactions that reduce patients'
      trust and comfort with their provider, leading to earlier termination of
      visits and/or reduced adherence and follow-up. Disadvantaged groups are
      marginalized in the healthcare system and vulnerable on multiple levels;
      health professionals' implicit biases can further exacerbate these
      existing disadvantages.
    

      Interventions or strategies designed to reduce implicit bias may be
      categorized as change-based or control-based. Change-based interventions
      focus on reducing or changing cognitive associations underlying implicit
      biases. These interventions might include challenging stereotypes.
      Conversely, control-based interventions involve reducing the effects of
      the implicit bias on the individual's behaviors. These strategies include
      increasing awareness of biased thoughts and responses. The two types of
      interventions are not mutually exclusive and may be used synergistically.
    


1. INTRODUCTION



Each kidney is smaller than a person's fist, but in a single day, the two organs process approximately 22% to 25% of cardiac output, or 1,100 mL/minute [1]. As part of their function, the kidneys filter essential substances, such as sodium and potassium ions, from the blood and selectively reabsorb substances needed to maintain the normal composition of body fluids. Substances that are not needed, or are in excess of normal, pass into the urine. In regulating the volume and composition of body fluids, the kidneys perform excretory and endocrine functions.
This course is designed to broaden nurses' understanding of the pathophysiology of renal function and illness by exploring causes, alterations and physiologic adaptations, manifestations, and resolution of disease states. Pathophysiologic symptoms and signs are described in relation to the patient's clinical presentation, so nurses can monitor physical changes and relate them directly to the illness process. Appropriate diagnostic tests and treatments for each problem are included, along with nursing responsibilities for patient teaching.

2. STRUCTURAL AND FUNCTIONAL INTER-RELATIONSHIPS



The urinary system consists of two kidneys, which produce
      urine; two ureters, which carry urine to the urinary bladder, where it is temporarily stored;
      and the urethra, which transports urine to the outside of the body.
STRUCTURE OF THE KIDNEYS



An adult typically has two kidneys, which are reddish-brown
        and bean-shaped (Image 1). Although their size can vary,
        the length of the average kidney is about 11 cm, the thickness about 2.5 cm, and the width
        is about 5 cm. The average weight of a single kidney is 15 g. The kidney's lateral border is
        convex, whereas the medial border is concave and indented in a depression called the renal
        hilus. All related structures enter or leave the kidney at the hilus [2,3].

Image 1: ANATOMY OF THE KIDNEY
[image: ANATOMY OF THE KIDNEY]

Source: National Cancer Institute


The kidneys lie in the retroperitoneal space of the posterior
        abdominal cavity. Thus, they can be exposed without opening the peritoneal cavity. One
        kidney lies on either side of the vertebral column. Layers of muscle surround the posterior
        surfaces of the kidneys, and abdominal organs surround their anterior surfaces. The
        peritoneal membrane covers most of the anterior surface of each kidney.
The kidneys are protected and supported by renal fascia and layers of perirenal fat. Posteriorly, the psoas, quadratus lumborum, and transverse abdominis muscles provide support. The position of the kidneys is not fixed but varies somewhat with an individual's position. When a patient is in the supine position, the kidneys lie between the 12th thoracic and 3rd lumbar vertebrae. When the patient is standing, the kidneys may be descended to the top of the iliac crest. For a patient in Trendelenburg position, the kidneys ascend to the 10th intercostal space [4,5].
The left kidney, which lies near the tail of the pancreas and the splenic flexure of the colon, is normally slightly longer and narrower than the right kidney. The right kidney is lower in the abdomen than the left because of the presence of the liver in the right upper quadrant. The superior pole of the right kidney lies beneath the liver in an area referred to as the renal bed. The right kidney's anterior surface is adjacent to the hepatic flexure of the colon, the duodenum, and the liver. The lower portion of each kidney descends beneath the lower portion of the rib cage [2,6].
Each kidney is surrounded by three layers of tissue. The fibrous renal capsule (the innermost layer) covers the surface of the kidney. The adipose capsule, a mass of perirenal fat, surrounds the renal capsule. The third layer, the renal fascia, surrounds and encloses the kidney and anchors the kidney to the posterior abdominal wall [2,6].
There are essentially three general regions of each kidney:
        the cortex, the medulla, and the pelvis. These structures are located inside the renal
        capsule. Two of them—the cortex and the medulla—are often referred to collectively as the
        renal parenchyma. The cortex is directly beneath the renal capsule. This highly vascularized
        area of tissue is very sensitive to changes in blood flow. The medulla, located deep in the
        cortex, consists of 8 to 18 triangular renal pyramids. The renal pyramids are composed of
        collecting ducts that drain urine into the calyces. The cortex covers the base of the
        pyramids, and the tips (or papillae) project toward the renal pelvis. Cortical tissue known
        as renal columns dips into the medulla to separate the pyramids, and blood vessels that
        supply the cortex and medulla pass through these columns. Urine flows from the papillae into
        a minor calyx, and several of the funnel-shaped minor calyces emerge to form a major calyx.
        The major calyces join to form the renal pelvis, which is the expanded upper end of the
        ureter. At times, a catheter is positioned in the renal pelvis and must be irrigated with
        4–6 mL of fluid (as ordered) to maintain catheter patency [7].
The Nephron



The nephron is the functional unit of the kidney and is
          primarily responsible for most of the mechanisms that provide internal homeostasis. Each
          kidney contains approximately 1.25 million nephrons, and each nephron in turn is composed
          of a vascular and tubular system that allows for the formation of urine. The nephrons are
          located in the renal parenchyma. Most nephrons are in the cortex (referred to as cortical
          nephrons), but juxtamedullary nephrons begin in the cortex and extend deep into the
          medulla [7].
The vascular system of the nephron consists of the glomerulus and the Bowman capsule, both located in the cortex of the kidney. The glomerulus is composed of a knot of capillaries. The Bowman (or glomerular) capsule surrounds the glomerulus. The glomerulus derives its blood flow from the renal artery of the abdominal aorta. Each renal artery branches into segmental arteries and increasingly smaller arteriole, arcuate (or arciform), and interlobular (or cortical radial) arteries, which supply progressively smaller areas of renal parenchyma. The smallest branch, the afferent arteriole, feeds blood to the glomerulus. After passing through the capillaries in the glomerulus, the blood exits the glomerulus, not through a venule but via the efferent arteriole. From the efferent arteriole, the blood enters the peritubular capillaries of the cortical nephron or the vasa recta of the juxtamedullary nephron. This plexus of capillaries surrounds the proximal tubule, the Henle loop, and the distal tubule. Finally, blood enters the venous system from either the peritubular capillaries or the vasa recta and returns to the general circulation through a series of renal venules and veins that drain all portions of the kidney. The renal vein of each kidney returns blood into the inferior vena cava [7].
The tubular system of the nephron begins with the Bowman capsule, which is invaginated around each glomerular tuft to form a sac. The Bowman capsule narrows into the proximal convoluted tubule, which changes directions many times until it straightens into the descending limb of the Henle loop and angles downward toward the pelvis of the kidney. The proximal convoluted tubule is largely responsible for the conservation of fluids and electrolytes. The loops of tubular tissue are much longer in juxtamedullary nephrons than in cortical nephrons and are contained within the pyramids of the medulla. The ascending limb of the Henle loop then becomes the distal convoluted tubule. The distal convoluted tubules of several nephrons enter a collecting duct with a pyramid of the medulla; these ducts are responsible for the drainage of formed urine from the nephrons. Pyramids then are drained into the calyceal system of the renal pelvis through the tips of the papillae [1,8].

The Ureters



Urine drips from the collecting tubules into the minor
          calyces and then the major calyces which, in turn, join the renal pelvis. From the renal
          pelvis, ureters transport urine to the urinary bladder. Each kidney typically has a single
          ureter responsible for emptying the urine formed by that kidney. Although the ureter's
          size varies, an average ureter is around 30 cm (almost 1 foot) long. The ureter's diameter
          ranges from 2–8 mm at various points in its structure. The ureters descend between the
          parietal peritoneum and the abdominal wall to the pelvic cavity, where they enter the
          bladder on its posterior inferior surface. Before opening into the bladder, the ureters
          travel obliquely through the bladder wall. As a result, pressure in the bladder can
          compress the ureters and help prevent urine from flowing back into the ureters, especially
          during bladder emptying [9].
Each ureter is composed of both longitudinal and circular muscular fibers. The
          interweaving of these fibers is responsible for the peristalsis of urine into the urinary
          bladder. The narrow points of the ureter are at the junction of the ureter and the renal
          pelvis (the ureteropelvic junction), the point at which the ureters cross over the iliac
          vessels, and the point of ureteral enter into the bladder (the ureterovesical junction)
            [9].
Blood is supplied to the upper portion of the ureters from the renal artery and either the internal spermatic or ovarian artery. The lower portion of the ureters is supplied by branches of the common iliac, hypogastric, and vesical arteries [9].
Multiple sources in a complex distribution provide the nerve supply to the ureters. The ureteric nerves are broadly grouped as superior ureteric, middle ureteric, and inferior ureteric, which supply the upper third, middle third, and lower third of the ureter, respectively. The nerve plexuses that supply the various portions of ureteric nerves have both abdominal (celiac, renal, and mesenteric) and pelvic (gonadal and iliac) origins. Nerve fibers are both sympathetic and parasympathetic [9].


RENAL CIRCULATION



The important relation between the kidneys and the blood vascular system becomes apparent when considering the large size of the renal arteries that supply the kidneys. At rest, these vessels carry about 20% of the total cardiac output to the kidneys, or approximately 600 mL of blood per minute through each kidney. Little of this blood supplies the nutritive needs of the kidneys; the large blood flow is related to the fact that the kidneys can maintain homeostasis of the blood only if a large amount of the blood passes through them [10].
The vascular supply to the kidney consists of several microcirculations:
	Glomerular capillaries, where plasma filtration occurs
	Peritubular capillaries, which encircle the proximal and distal convoluted tubules, where water, electrolytes, glucose, amino acids, and protein are reabsorbed and some substances are secreted
	Medullary circulation (vasa recta), which aids in the concentration of urine



STRUCTURE OF THE URINARY BLADDER



The urinary bladder is a muscular sac capable of significant distention that is used to store formed urine. The bladder rests on the floor of the pelvic cavity and is retroperitoneal. Its anterior surface lies just behind the pubic symphysis. In male individuals, the bladder is in front of the rectum, whereas in female individuals it lies just anterior to the uterus and the superior portion of the vagina [11,12].
The major anatomic areas of the bladder are the fundus, apex, neck, and trigone. The
        fundus is the upper portion of the bladder, and the apex is the bottom portion of the
        bladder closest to the pelvic floor. The bladder neck is the most inferior portion of the
        bladder and contains the internal sphincter. It is composed of a group of thickened fibers
        of the detrusor muscle that evolves into the smooth muscle of the urethra. The trigone is an
        area of the posterior wall of the bladder defined by the urethra and the two ureteral
        orifices or slits, where the ureters enter the bladder. This area of muscle is responsible
        for separating the upper urinary tract from the lower urinary tract during normal
        micturition [11,12].
As the bladder fills with urine, its internal pressure increases somewhat initially and then remains fairly constant up to a volume of about 300–400 mL. Beyond this point, the pressure rises rapidly. The bladder can hold 600–800 mL of urine, but it is generally emptied before it reaches this capacity [12].
The nerve supply to the bladder is both sensory and motor. Sympathetic, parasympathetic, and somatic nerves carry sensations to the central nervous system. Sympathetic fibers arise from T9 through L2, and parasympathetic and somatic nerves arise from S2 through S4. The motor nerves of the bladder involve parasympathetic supply to the detrusor muscle and sympathetic supply to the trigone. The pudendal nerves, which are under voluntary control, supply the external sphincter and the muscles of the pelvic floor [12].

STRUCTURE OF THE URETHRA



The urethra is a muscular tube lined with mucous membranes that exits from the inferior surface of the urinary bladder and carries urine to the exterior of the body. At the junction of the urethra and bladder, the smooth muscle of the bladder surrounds the urethra and acts as a sphincter (the internal urethral sphincter) that keeps the urethra closed. During micturition, a contraction of the bladder opens the sphincter [11,12].
The male urethra is about 21 cm long and about 8–9 mm in diameter. The urethra descending from the base of the bladder to the pelvic floor is surrounded by the prostate gland; this is referred to as the prostatic urethra. The portion of the urethra that extends through the pelvic floor is referred to as the membrane urethra, and the cavernous urethra traverses the length of the penis. In female individuals, the urethra is about 4-cm long and about 8 mm in diameter. Because of the proximity of the anus and vagina to the urethra, micro-organisms found in those regions may more easily migrate into the bladder in women [11,12].

REGULATORY FUNCTIONS OF THE KIDNEYS



The kidneys and urinary system sustain homeostasis of body fluids and their composition. A variety of mechanisms maintain this fluid and electrolyte balance, and the end result is the production of urine. Urine represents the work of the kidneys and results in the removal of nitrogenous waste products as well as the regulations of fluid, electrolyte, and acid-base balances. In addition, the kidneys produce hormones and substances that influence other metabolic and chemical processes [10].
Formation of Urine



The basic function of the nephron is to cleanse the blood
          of unwanted substances as it passes through the kidney. This results in the formation of
          urine and is accomplished through three specific processes that occur in the nephron:
          glomerular filtration, tubular reabsorption, and tubular secretion. Each process occurs
          dynamically in the kidneys' continuous efforts to maintain internal equilibrium [10].
Glomerular Filtration
Glomerular filtration is the ultrafiltration of blood whereby fluid, electrolytes, and certain nonelectrolytes are filtered but plasma proteins remain. Glomerular filtration occurs within the glomerulus, across the glomerular capillary membrane. This capillary membrane has anatomic and physical properties that allow the passage of small molecular particles under certain conditions. Small pores within the lining of the capillary loops of the glomerulus (called the basement membrane) allow the passage of fluid and certain particles [10].
In order for glomerular filtration to occur, there must be adequate fluid volume (blood volume or plasma) in the intravascular space, as well as adequate hydrostatic pressure to overcome the forces that oppose glomerular filtration. The pumping of the heart and vascular resistance provide the hydrostatic pressure. The vascular tone, or blood flow, within the kidney is under two types of control: extrinsic factors (e.g., sympathetic nerve fibers from the celiac and renal nerve plexuses) and intrinsic control (i.e., autoregulation of renal blood flow). Each has a definite purpose [10].
The sympathetic nervous system provides extrinsic control of renal blood flow when an emergency situation exists. Normal renal blood flow is 1,200 mL/min, but this flow may be decreased to 200 mL/min when blood is needed to supply the heart, brain, or skeletal muscle. This is a strong vasoconstrictor response to the release of epinephrine and norepinephrine by the sympathetic nervous system [10].
Autoregulation of blood flow maintains a constancy of glomerular filtration through the kidney's unique ability to regulate the resistance of the afferent and efferent arterioles to the flow of blood. Because of this autoregulation, arterial blood pressure can vary widely—80–180 mm Hg—while renal blood flow and glomerular filtration remain basically unchanged [10].
The product of this process is glomerular filtrate.
          Glomerular filtrate is composed of water, sodium, potassium, calcium, magnesium, chloride,
          bicarbonate, phosphate, and other anions; glucose; urea; creatinine; and uric and amino
          acids. In healthy individuals, filtrate does not contain protein, because the glomerular
          membrane is almost completely impermeable to all plasma proteins.
As long as the various mechanisms that regulate renal blood flow maintain adequate
          hydrostatic pressure, glomerular filtrate will form. However, forces that oppose the
          formation of glomerular filtrate—plasma oncotic pressure and tubular filtrate
          pressure—must be overcome. Understanding plasma oncotic pressure is essential to
          appreciating the shift of body fluids and the formation of edema. Plasma oncotic pressure
          (also known as colloid osmotic pressure) is the pulling force of the proteins in the
          plasma that attempts to hold water in the vascular space and prevent its movement into the
          surrounding tissue. In the kidney, the plasma oncotic pressure attempts to keep water from
          being pushed onto the Bowman capsule. The typical glomerular filtration rate (GFR) is 130
          mL/min/1.73 m2. Thus, roughly 187,000 mL of glomerular filtrate
          is formed in 24 hours. For all practical purposes, glomerular filtrate is the same as
          plasma except it has no significant amount of plasma proteins. If all of the components
          found in glomerular filtrate were excreted in the urine, death would occur. Therefore,
          much of the filtrate is returned to the blood via tubular reabsorption [11,12].
Tubular Reabsorption
In tubular reabsorption (the initial refinement process), water and specific electrolytes and nonelectrolytes from the tubular filtrate are reabsorbed into the plasma of the peritubular capillaries or vasa recta. Tubular reabsorption occurs throughout the tubular system of the nephron, but much of it occurs within the proximal convoluted tubule [13].
The tubules have a limited capacity for reabsorption of some substances. For example, the threshold for reabsorption of glucose may be limited when the blood level of glucose is exceedingly high or when renal tubular surfaces are altered through injury. Reabsorption is primarily accomplished through passive and active transport mechanisms of diffusion. In passive transport, the development of a pressure gradient causes the movement of molecules or particles. In this case, simple diffusion occurs (i.e., molecules move from an area of greater to lesser concentration or greater to lesser pressure). With some substances, however, expenditure of energy may be necessary to move the molecules. Active transport occurs through this expenditure of energy. Active transport is required when there is not a pressure gradient but a substance must be moved to another area [13].
Normally, reabsorption from the tubular filtrates into the blood is sufficient to maintain normal serum levels of the various electrolytes. However, reabsorption of some nonelectrolytes (i.e., urea, creatinine, and uric acid) is not readily accomplished. The individual benefits from this because these substances are removed or cleared from the body [13].
Reabsorption of water is accomplished by osmosis, the movement of water across a semipermeable membrane from an area of lesser concentration of solute to one of greater concentration. Water is reabsorbed primarily in the proximal convoluted tubule. If greater water reabsorption is needed to maintain balance, however, the permeability of the distal tubule and collecting duct may be increased [13].
The reabsorption of water is reflected in the kidney's ability to concentrate or dilute the urine as necessary. The supraoptic and paraventricular nuclei of the hypothalamic area sense the plasma osmolality—defined by the concentration of particles (electrolytes and nonelectrolytes) in the plasma. When plasma osmolality is out of the normal range (280–295 mOsm/L), the osmoreceptors detect this abnormality and trigger responses to return the osmolality to normal [14].
Only slight alterations in the osmolality of the blood are required to trigger appropriate regulatory mechanisms. A combined response by the neuroendocrine system and the kidneys will ensure that serum osmolality is returned to the normal range by the release of antidiuretic hormone (ADH) from its storage area in the posterior pituitary. ADH alters the permeability of the distal convoluted tubules and collecting ducts so more or less water can be reabsorbed, as needed. Then, ADH secretion and the reabsorption of the water in the tubules increase. When ADH secretion decreases, more water is excreted by the kidneys. Maintenance of intravascular volume is always the primary goal of the homeostatic mechanism. Thus, functioning kidneys concentrate or dilute urine to maintain normal serum osmolality [14].
Tubular Secretion
The third process in urine formation is tubular secretion, the process by which ions in the tubular cells are secreted into the lumen of the tubule to be excreted in the end product (urine). Tubular secretion of potassium and hydrogen regulates the serum potassium level and serves as the kidneys' acid-base balancing mechanism [13,14].
The kidneys regulate acids and bases in conjunction with other regulatory mechanisms (i.e., the blood buffers and the lungs). The kidneys are responsible for the secretion of the fixed acids of normal metabolism, whereas the lungs excrete the volatile acids. The blood buffers provide moment-to-moment regulation. Fixed acids arise primarily from the metabolism of protein. The kidneys regulate their excretion by conserving bicarbonate, excreting sodium in exchange for the secretion of hydrogen, and secreting ammonia [13,14].
Thus, the processes of filtration, reabsorption, and secretion create urine. Urine is composed primarily of water, sodium, potassium, chloride, urea, creatinine, and uric acid. The volume of urine is normally about 1,500 mL per 24 hours, but it depends on the amount of solute that must be excreted [13,14].

Blood Pressure Control



The kidneys regulate blood pressure through the maintenance
          of fluid volume and the release of the hormone renin, which stimulates powerful
          vasoconstrictive responses. Fluid volume in the extracellular compartment, and
          specifically the plasma, is controlled by the kidneys' ability to concentrate or dilute
          urine in response to the serum osmolality. Thus, hypertonic plasma stimulates the release
          of ADH, the reabsorption of water, the expansion of intravascular volume, the decrease of
          urine output, and the elevation of blood pressure. This primary mechanism of volume
          expansion is partially responsible for the regulation of blood pressure [15,16].
The renin-angiotensin system is the other kidney-controlled hormonal mechanism that can trigger blood pressure elevation in certain situations. This mechanism is activated when there is a low serum sodium level, decreased cardiac output, or ischemia to the kidneys. Any of these situations can stimulate the release of renin from the juxtaglomerular cells of the afferent arteriole of the glomerulus. It is believed that the macula densa of the distal convoluted tubule is sensitive to both the sodium content and the volume of the tubular filtrate, and that this sensing mechanism stimulates the release of renin [15,16].
When renin is released from the juxtaglomerular cells, it acts on angiotensinogen, a glycoprotein made in the liver and normally found in plasma, converting it to angiotensin I. Another converting enzyme in the pulmonary capillary bed acts on angiotensin I to change it to angiotensin II, a powerful vasoconstrictor that elevates blood pressure through peripheral vasoconstriction. Angiotensin II also triggers the release of aldosterone (a mineralocorticoid that helps control sodium utilization) by the adrenal cortex. With the release of aldosterone, the distal convoluted tubule of the nephron reabsorbs sodium. Water reabsorption follows sodium reabsorption, increasing plasma volume. Thus, angiotensin II has two main effects that help to elevate blood pressure: peripheral vasoconstriction and plasma volume expansion. When ADH production increases, aldosterone production usually does as well [15,16].
When cardiac output is severely decreased because of loss of circulating blood volume, vasoconstriction in the kidneys will severely limit intrarenal blood flow in order to maintain flow to more vital organs (i.e., the heart and brain). This is an excellent example of the kidneys' role in the preservation of the whole body, because if renal vasoconstriction is not abated, death of the renal parenchyma results [16].
Substances have been identified that may be useful in helping overcome severe renal vasoconstriction. These prostaglandins are believed to have vasodilation capabilities. Part of their antihypertensive effect is through the inhibition of norepinephrine and angiotensin II [16].

Miscellaneous Hormonal and Metabolic Controls





Evidence Based Practice Recommendation

The Department of Veterans Affairs Guideline Panel recommends against
            offering erythropoiesis-stimulating agents to patients with chronic kidney disease for
            the purpose of achieving a hemoglobin target greater than 11.5 g/dL due to the increased
            risk of stroke and hypertension.
https://www.healthquality.va.gov/guidelines/CD/ckd/VADoDCKDCPG2014.pdf

             Last Accessed: August 14, 2020
Strength of Recommendation:
            Strong


Several other metabolic and hormonal functions of the kidneys have been identified,
          including the production of erythropoietin, the production of
          1,25-dihydroxycholecalciferol, and the metabolism of insulin. Erythropoietin is a
          glycoprotein produced in the kidneys that influences red blood cell production. The sites
          of erythropoietin production and storage in the kidney have not been identified, but the
          effects of bilateral nephrectomy and the subsequent decrease in erythropoiesis have been
          observed. Erythropoietin seems to increase both the rate of production and the rate of
          release of new red blood cells from the bone marrow and the spleen [16,17].
The kidneys also produce 1,25-dihydroxycholecalciferol, the active component of vitamin
          D. Without this substance, calcium cannot be absorbed properly from the intestines [16,17].
The kidneys play a role in insulin metabolism and excretion. Failure to excrete insulin results in an increased availability of insulin, which has important consequences for the management and control of diabetes. Most patients with diabetes have a decreased need for insulin as renal failure progresses. The reliability of urine testing to calculate insulin needs is limited, as the renal threshold changes constantly with decreasing renal function [16,17].


PROCESS OF MICTURITION



Micturition, also called urination or voiding, is a complex physical process under a variety of neural controls. For most healthy persons older than 5 years of age, urination is under voluntary control and can be interrupted or initiated upon cerebral command, as long as motor and sensory nerve pathways are intact. Micturition normally is a painless function that occurs five to six times per day and possibly once at night. The average person voids a total of about 1,500 mL of urine per 24 hours. This amount is affected by fluid intake, the ingestion of foods high in water content, diuretics, sweating, temperature, vomiting, and diarrhea [14,18].
Adults usually perceive an initial desire to empty the urinary bladder when about 150 mL of urine has accumulated. However, the bladder can distend to a much larger capacity, and it often does before there is a feeling of bladder fullness. Because urine accumulates gradually in the bladder, the slow distention of the muscular sac accommodates larger and larger quantities of urine. The capacity of the urinary bladder has been calculated at 450 mL, but much larger amounts may accumulate if there is obstruction to outflow [14,18].
Micturition involves a number of responses that occur almost simultaneously. Initially, there is the felt need to void and an assessment of the environment. The individual must determine that the environment is appropriate to the release of urine or urination will be prevented [14,18].
After the person has determined that conditions are satisfactory, a series of nerve impulses are activated to allow the release of urine. First, the muscles of the pelvic floor are relaxed, which opens the urethral opening and allows the descent of the urinary bladder. Next, the trigone contracts, which ensures closure of the ureterovesical junction and prevents the reflux of urine into the ureters. Trigonal contraction also causes contraction of the bladder neck, which makes the bladder more funnel shaped. Finally, the detrusor muscle of the bladder, which is continuous with the urethral lining, contracts. Detrusor contraction increases the pressure within the bladder and results in bladder emptying [14,18].
The cerebral control mechanism can interrupt the voiding processes at any point. When the bladder is empty, the detrusor muscle relaxes, the bladder neck closes, and the trigone and perineal muscles resume their normal tone [18].


3. PATHOPHYSIOLOGIC INFLUENCES AND EFFECTS



Alterations in urine formation and excretion have profound effects on homeostasis. Failure to maintain the chemical balance of the fluids in the various compartments will result in death unless balance is restored. Alterations in urine formation and excretion may cause changes in the clearance of rates of substances, changes in the amount and composition of the urine and the pattern of its excretion, elevated blood pressure, decreased maturation of red blood cells, and changes in the excretion of metabolic waste products. Pathophysiologic changes commonly seen in urinary dysfunction include hydronephrosis (enlargement of the kidney), atrophic kidney, alterations in fluid volume, electrolyte imbalances, and accumulation of toxins [4,19,20].
ENLARGEMENT OF THE KIDNEYS AND RELATED STRUCTURES



Enlargement of one or both kidneys is most commonly related
        to the invasion and multiplication of neoplastic cells. If a mass becomes very large, it can
        put pressure on abdominal nerves or displace other abdominal organs and cause discomfort or
        pain [1,15].
The kidneys may also become enlarged because of a blockage of the ureters, and occasionally the urethra, by either a stone, tumor, or enlargement of the prostate; this enlargement due to a build-up of urine is referred to as hydronephrosis. In these instances, urine backs up into the renal pelvis. The ureters and urethra also may enlarge in diameter as they fill with urine that cannot be voided. If enervation is interrupted, the bladder also can become overdistended with urine [1,15].

ATROPHY OF THE KIDNEY



In most chronic diseases of the kidneys, the kidneys eventually atrophy because of the destruction of the renal parenchyma. In some instances, the cortex is most affected, whereas in others, the medulla is most affected. The kidneys may decrease to less than one-fifth of their normal size [1,15].

ALTERATIONS IN FLUID VOLUME



A major goal of renal function is the maintenance of fluid volume necessary to support metabolic and perfusion processes. As such, the inability to control fluid volume may have a variety of sequelae. For example, loss of the ability of the kidneys to concentrate urine may be the earliest sign of renal pathology. Conversely, continuous loss of dilute urine may result in volume depletion and low blood pressure. Hypovolemia (i.e., inadequate circulating blood volume) will eventually alter renal function, because adequate blood volume is required to establish a pressure gradient so glomerular filtration can occur [8,10].
Although the kidneys have the capacity for some autoregulation of blood flow, they will deprive the renal parenchyma of necessary blood volume if the demands are greater elsewhere. This capacity to severely limit renal blood flow is observed in severe shock or stress states. Fluid deficits can also occur with decreased fluid intake or excessive water losses, as with diarrhea, vomiting, or rapid dehydration [8,10].
Failure of the kidneys to excrete water and maintain normal fluid volume has serious consequences for the overall functioning of the body. Hypervolemia (i.e., an increase in circulating and total body water) manifests as elevation of blood pressure, increased cardiac workload, and the development of fluid in the interstitial spaces and alveoli of the lungs or other body tissues. As such, it puts severe strain on the cardiovascular system. The associated hypertension can cause long-term problems related to ventricular hypertrophy and increased peripheral vascular resistance. More immediate changes due to fluid shifts, particularly into the lungs, can impair adequate gas diffusion and even cause severe hypoxia [1,15].
Ischemia of renal tissue results in the liberation of renin and the stimulation of the renin-angiotensin-aldosterone system (RAAS). The release of renin is triggered to increase renal blood flow in response to hormonal mechanisms, but it is also associated with increased volume retention and volume expansion. Particularly, this can happen when kidney tissue damage that affects the normal formation of urine, but aldosterone and ADH are being produced normally. Therefore, overhydration is more common as the patient reaches end-stage renal disease (ESRD) [1,15].

ELECTROLYTE IMBALANCES



As discussed, the kidneys maintain the normal osmolality of
        body fluids and, in conjunction with various endocrine mechanisms, control the appropriate
        balance of electrolytes in body fluids. Excesses and deficits of various electrolytes result
        in serious problems in the maintenance of normal nerve transmission and muscle conduction.
        Sodium, potassium, calcium, and magnesium are the major cations under the regulation of the
        kidneys. Some major anions (e.g., chloride, bicarbonate), as well as other anions such as
        sulfates, phosphates, and proteinate, are also under renal direction [21,22].
Of the various electrolytes, potassium—the primary intracellular cation—has the most potential for causing harm if disrupted. Hyperkalemia is the most frequently encountered imbalance in chronic renal failure, and failure of the kidneys to excrete potassium will disturb the conduction system of the heart and, if untreated, can terminate myocardial contraction. The kidney tubules also may fail to conserve potassium correctly and thus excrete large amounts. Hypokalemia may result in altered cardiac muscular contractions and alter the medullary interstitium of the kidney, impairing renal function [21,22].
Sodium excesses (hypernatremia) can occur in patients with renal disease when urine volume drops to very low levels. In these cases, sodium and water retention, edema, and pump failure occur, even in patients with restricted salt intake. Because sodium conservation occurs primarily in the renal medulla, deterioration in this area produces excessive sodium loss (hyponatremia), which leads to decreased extracellular fluid. As circulating blood volume decreases, the GFR decreases and the renal function is further compromised [21,22].
Imbalances of calcium and phosphorus are related to the reciprocal relationship between
        electrolytes and the effect of parathyroid hormone, which regulates serum calcium levels.
        When the GFR decreases to around 30 mL/min/1.73 m2, the renal
        excretion of phosphate also decreases. With increases in serum phosphate level
        (hyperphosphatemia), the body attempts to lower the level through binding phosphate with
        calcium. The resultant calcium phosphate may then precipitate in various tissues. This
        response causes the calcium level (non-protein-bound or ionized) to decrease, potentially
        leading to hypocalcemia. In response to the low calcium level, parathyroid hormone is
        released and stimulates the release of calcium from stores in bone in an attempt to increase
        the circulating calcium level. In renal insufficiency, this is compounded by the kidney's
        inability to produce 1,25-dihydroxycholecalciferol, which is necessary for the intestinal
        absorption and utilization of calcium in the diet. This further contributes to the
        development of hypocalcemia [21,22].
The ongoing process of hyperphosphatemia and hypocalcemia with subsequent production of
        parathyroid hormone results in secondary hyperparathyroidism. Untreated, this leads to
        serious bone pathology known as renal osteodystrophy [22].
When urine output is low and a normal magnesium intake continues, hypermagnesemia can
        occur. It may also be aggravated by the administration of magnesium-containing laxatives or
        antacids [22].

METABOLIC ACIDOSIS



The kidneys are responsible for excreting the acids produced
        by the metabolism of amino acids. The excretion of hydrogen ions by the kidneys is
        accomplished by the conservation of bicarbonate, the secretion of ammonia, and the excretion
        of hydrogen in exchange for sodium. The kidneys work with blood buffers and the pulmonary
        system to maintain a normal blood pH of 7.35–7.45. Blood buffers maintain this narrow range
        of acceptability; they almost instantaneously convert acids for either pulmonary excretion
        as carbon dioxide or for renal excretion through the conservation of bicarbonate or the
        exchange of sodium or potassium for hydrogen [23,24].
Without the renal regulation of hydrogen ion excretion, a diminished amount of bicarbonate is available to buffer the fixed acids. In addition, the ability to excrete hydrogen as ammonia or with phosphoric acid is limited. Thus, unless the pulmonary reserve compensates, the pH will fall and metabolic acidosis will result [23,24].

IMPAIRMENT OF GAS EXCHANGE



Several factors related to renal impairment cause impaired gas exchange. The problems of fluid overload cause pulmonary edema, ventricular hypertrophy, and hypertension, which can lead to impaired gas exchange in the lungs and at the cellular level. Potassium imbalances can cause cardiac arrhythmias, which also can lead to impaired gas exchange. The lungs of a patient with metabolic acidosis have to work hard to correct the acidosis; if they are not able to do so, gas exchange is impaired. Anemia may result from a decrease in erythropoietin produced by the kidney, and this deficiency makes gas exchange more difficult. Furthermore, patients may encounter bleeding problems as a result of decreased aggregation ability from a defect in platelet factor III [12,13,24].

IMPAIRMENT OF IMMUNE RESPONSE



Patients with impaired renal function are at increased risk for infection as a result of impaired immune responses. These patients may also experience delayed hypersensitivity to antigens.

ACCUMULATION OF UREMIC TOXIN



The kidneys remove nitrogenous waste products resulting from protein metabolism. The kidneys must continually filter and excrete creatinine and urea nitrogen, whether it is from endogenous protein sources (such as the metabolism of the amine creatinine in skeletal muscle) or from primarily exogenous sources (such as dietary protein) [14,18].
Azotemia is the accumulation of uremic toxins (urea, uric
        acid, and creatinine) in the blood. Uremia refers to azotemia with clinical symptoms. The
        accumulation of uremic toxins can result in neurologic complications, gastrointestinal
        bleeding, and skin changes resulting from urochrome pigments deposited in the skin. This
        pigmentation, combined with anemia, results in the pale yellow-gray skin color
        characteristic of patients with renal failure. Pruritus, also common, is thought to be the
        result of a buildup of the urochrome pigments in the skin as well as the crust of urate
        crystals that accumulates on the skin (called uremic frost). Increased parathyroid hormone
        production is also a possible cause of pruritus [14,18].
The accumulation of uremic toxins also causes neurologic changes that range from fatigue, decreased ability to concentrate, irritability, and insomnia to depression, peripheral neuropathy, and retinopathy. Coma, convulsions, and death can occur in the absence of treatment [14,18].

ALTERATIONS IN NUTRITION-RELATED FUNCTIONS



Uremic toxins and gastrointestinal bleeding cause nutrition-related problems. The gastrointestinal tract becomes inflamed and irritated with the accumulation of uremic toxins. This results in loss of appetite, nausea, vomiting, and diarrhea—problems that further complicate fluid and electrolyte imbalances. This inflammation, compounded by altered platelet function, causes gastrointestinal bleeding common in patients with impaired kidney function. The buildup of ammonia in the body results in characteristic uremic fetor—a urine-like odor of the patient's breath accompanied by a bad taste in the mouth (described by some as metallic) that alters the appeal of food. Associated pancreatitis may also impair digestion [25].

ALTERATIONS IN URINE OUTPUT



Urine output may greatly increase in certain situations, such as in the diuretic phase of acute renal failure. However, decreased urine output is the more common alteration. This may be temporary, as with the oliguria phase of acute renal failure, benign prostatic hyperplasia, or kidney stone obstruction of the urethra, or it may be a long-term sequela of acute tubular necrosis or chronic renal failure. Alterations in the pattern of urination result from the underlying pathologic conditions. Patients who are unable to completely void, at such times as following renal procedures or surgery, should be checked for residual volume of urine. Short-term catheterization may be used to completely empty the bladder. If the amount retained was in the range of 75–100 mL, an indwelling catheter should be placed [1,26].


4. RELATED SYSTEM INFLUENCES AND EFFECTS



Because the kidneys and urinary system perform multiple functions inter-related with various body systems, impairment of renal function can affect other body systems to varying extents.
INTEGUMENTARY SYSTEM



Dry, pale, yellow-grey skin is characteristic of renal failure. Nails and hair are also brittle and dry. Increased parathyroid hormone secretion, uremic frost, and urochrome pigments cause pruritus, which may result in scratches and bleeding. This break in skin integrity increases patients' susceptibility to infection. Edema from sodium and water retention, as well as poor nutritional status, can also make the skin increasingly susceptible to breakdown. Pressure ulcers may form within hours if patients are not frequently repositioned [1,26].

CARDIOVASCULAR SYSTEM



The cardiovascular complications that may occur after a loss of renal function and the resulting uremia include pericarditis, accelerated atherosclerosis, fluid overload, anemia, and the potential for potassium abnormality-related arrhythmias [1,26].
Uremic pericarditis is fairly common for patients with ESRD.
        Although this condition usually develops within 12 months of the initiation of dialysis, a
        later onset has also been observed. This inflammatory response is believed to be related to
        nitrogenous waste products not removed by dialysis. Fluid accumulates within the pericardial
        sac (pericardial effusion). With increased membrane irritability and platelet aggregation
        problems, the effusion may be serosanguineous. Massive pericardial effusions (greater than
        2,000 mL) may accumulate over a period of days to weeks, seriously altering cardiovascular
        hemodynamics. Cardiac tamponade (compression of the heart from excessive fluid in the
        pericardial sac) will result in death unless medical intervention, surgical intervention, or
        both relieve the fluid accumulation [1,26].
Accelerated atherosclerotic processes have been observed in patients with chronic renal failure. An increased incidence of death from coronary artery disease seems to be associated with the effects of chronic essential hypertension, ventricular hypertrophy, and possible alterations in lipid metabolism associated with urea. In addition, diffuse atherosclerotic processes that include cerebral, aortic, and peripheral vessels are not uncommon [1,26].
Uncontrolled hypertension, either from volume or hormonal response, greatly increases peripheral vascular resistance in small blood vessels throughout the body. The loss of elasticity of the arterioles in the kidney as well as other organs, such as the retina of the eye and the small vessel circulation of the brain, will seriously affect the long-term functioning of these organs [1,26].

RESPIRATORY SYSTEM



As noted, the inter-relation of the renal and respiratory systems is important in maintaining an acid-base balance. Although this balance is partially restored by diet and lifestyle changes, these measures can accomplish only so much. Dialysis can assist, but the lungs must contribute to control this narrow range of imbalance minute to minute. Patients with obstructive lung disease have carbon dioxide retention with respiratory acidosis. Thus, when renal and respiratory diseases exist simultaneously, the ability to combat metabolic acidosis is severely impaired. Gas exchange is further hampered by pulmonary edema and anemia states [1,26].

NEUROLOGIC SYSTEM



The neurologic manifestations of uremia include uremic
        encephalopathy and peripheral neuropathy associated with azotemia and metabolic acidosis.
        Uremic encephalopathy (characterized by altered mentation/intellectual processes, tremors,
        and myoclonus) is associated with the onset of uremic manifestations. Asterixis (a flapping
        tremor of the hands) is an early manifestation caused by increased irritability of the
        central nervous system from elevated serum ammonia levels. This symptom is important,
        because tonic-clonic seizures may develop if the encephalopathic process is not corrected
          [1,26].
Peripheral neuropathies are common in patients with ESRD who require chronic dialysis. These neuropathies are neither clearly understood nor easily treated. Their improvement with dialysis is uncertain, and leg weakness and difficulty with ambulation and maintenance of comfort remain problems. Renal transplantation is potentially the best hope for relief of these symptoms [1,26].

MUSCULOSKELETAL SYSTEM



Musculoskeletal manifestations of renal failure are collectively referred to as renal osteodystrophy. A variety of problems, including osteomalacia, osteoporosis, and osteitis fibrosa cystica, may result from the chronic release of parathyroid hormone, which results in elevated phosphorous and decreased calcium levels in the serum. Bone pain, increased fracture risk, and metastatic calcifications result from this imbalance [1,26].

HEMATOPOIETIC SYSTEM



Hematologic effects of uremia include chronic anemia and disorder of platelet aggregation. Each of these alterations can have a variety of effects on patients. Patients with renal failure have a chronic normochromic, normocytic anemia. Hematocrit values fall to 20% to 30%, and hemoglobin values drop to 7–8 g/dL. Chronic fatigue is the most common symptom, but patients respond differently and some adjust reasonably well. For patients with coronary artery disease, decreased circulating red blood cells may exacerbate angina or increase the risk of arrhythmias, particularly if hypoxia occurs [1,26].
In general, platelet dysfunction is usually a problem with
        platelet aggregation—the platelet count is normal, and there is no alteration in the ability
        to produce platelets. In the uremic environment, however, the platelets do not promote the
        clotting mechanism as well. The results of other clotting tests (prothrombin time and
        partial thromboplastin time) are normal, but bleeding time may be prolonged. Impaired
        platelet function in the uremic environment is believed to be responsible for the frequent
        and easily induced bleeding into the skin and mucous membranes of the patient with either
        acute or chronic renal failure. Mucous membrane irritation, particularly of the
        gastrointestinal tract, along with the frequent presence of occult blood, indicates that a
        uremic environment persists in spite of dialysis therapy [1,26].

GASTROINTESTINAL SYSTEM



Uremia profoundly affects the gastrointestinal system. Anorexia, nausea, and vomiting are generally the most bothersome symptoms. Inability to eat or to retain food results in weight loss and breakdown of muscle and fat. Uncorrected, profound debilitation results, because the patient is less able to combat infections and mount appropriate immune responses [1,26].
The effects of uremia may be observed throughout the gastrointestinal system. As described, the patient may develop uremic fetor. Hypogeusia may manifest as both loss of acuity and loss of ability to discriminate tastes. Thus, with significant changes in the ability to taste foods, eating is less pleasurable [1,26].
Parotitis, gastritis, pancreatitis, and colitis may occur at varying stages in the development of uremia. The parotid glands may become infected and inflamed. Irritation of the gastric and intestinal mucosa is often accompanied by vague discomfort, nausea, vomiting, belching, and diarrhea. Bleeding from the gastrointestinal lining is common because platelet abnormalities alter the clotting mechanism. The bleeding generally is occult, but gross bleeding with severe gastritis may also occur [1,26].

REPRODUCTIVE SYSTEM



The loss of renal function and the development of uremia also affect the reproductive systems of men and women. Both experience a loss of libido, and men frequently become impotent. Fertility is affected as well. Men have lower testosterone levels and a decrease in sperm formation, whereas women ovulate and menstruate less often, if at all. Successfully carrying a pregnancy to term is rare [1,26].


5. PSYCHOSOCIAL/LIFESTYLE INFLUENCES AND EFFECTS



The renal system both influences and is influenced by a variety of psychosocial factors, including sex, lifestyle, pharmacotherapy, and identity issues.
SEX



Sex influences the structure of the urinary system in an important way. Because the urethra is shorter in women, they are more prone to cystitis (bladder infection) than men. Stress urinary incontinence is not uncommon in women who have experienced relaxation of the pelvic muscles as a result of pregnancy [27,28].

DIETARY HABITS AND MEDICATIONS



Dietary habits can also affect the function of the kidneys and urinary system. For
        example, a high-salt diet can contribute to the development of hypertension, which can lead
        to or exacerbate renal disease. For people with diagnosed renal dysfunction, salt and
        protein restrictions may limit the pleasure of eating. Individuals can avoid certain foods
        and beverages in their own homes with some discipline, but visiting friends or dining in
        restaurants presents difficulties that may not be controlled so easily. People who must
        strictly limit fluid intake may experience questioning or stigma. Participation and sharing
        are social expectations, and some people prefer to avoid these situations rather than not do
        what is expected [27,28].
Among medications that may have a toxic effect on the
        kidneys are a number of common antibiotics (e.g., penicillin, neomycin, kanamycin,
        amphotericin). Probably the most nephrotoxic category of antibiotics is the aminoglycosides
        (e.g., gentamicin, vancomycin, tobramycin). Other nephrotoxic drugs include sulfonamides,
        salicylates, thiazides, and furosemide [29,30].

ECONOMIC FACTORS



The costs of renal dialysis and transplantation are high. Moreover, a loss of income may result if the patient is a wage earner [31].

OCCUPATION AND AVOCATION



Certain occupations and hobbies are associated with exposure to nephrotoxic chemicals.
        Carbon tetrachloride, used in dry-cleaning and various industrial processes, is nephrotoxic,
        as are methyl alcohol, phenols, and ethylene glycol. Several metals used in the fabrication
        of jewelry and some electronic components are nephrotoxic, including gold, lead, copper,
        uranium, arsenic, mercury, and cadmium [31].
        Commercially available hair dyes often contain paraphenylenediamine, a chemical linked to
        acute renal failure [32].
The development of renal disease may severely influence the patient's occupational performance. Jobs that require travel, flexible hours, or physical energy may prove difficult to maintain. The need to change careers or develop new skills, in addition to coping with physical illness, may be an enormous challenge or impossible for patients with renal disease [31].

ROLES AND RELATIONSHIPS



For patients with serious kidney dysfunction, as in ESRD, the psychosocial effects are numerous. Lifestyle, family life, and work commitments usually are interrupted, often in substantial ways. Patients often must make major adjustment in various roles. Stress accompanies the effort to maintain the existing lifestyle in the face of vast uncertainty about the future, and patients and their families (especially spouses and children). Powerlessness, helplessness, and hopelessness are part of the experiences of patients with renal failure [31].

SEXUAL EXPRESSION AND REPRODUCTION



Disorders of the urinary system may profoundly affect the expression of sexuality. Procedures such as urinary diversion may require the placement of an ostomy bag, and patients with such appliances may be reluctant to participate in sexual activity. They and their partners may find it necessary to alter their sexual behaviors to accommodate a catheter or a dialysis fistula. Patients and their sexual partners may have to discuss and experiment with alternate positions for sexual intercourse, and intercourse may be somewhat unpleasant or even uncomfortable or painful [31].
Patients' reproductive ability may also be altered. For example, certain surgical procedures (such as radical cystectomy) may cause impotence. Because hormone levels are not regulated in the presence of chronic renal failure, many female patients have amenorrhea and are unlikely to become pregnant. In men with renal failure, low testosterone levels and oligospermia significantly reduce the ability to fertilize an ovum. Active prevention of pregnancy in women receiving dialysis is indicated for a number of reasons. For one, pregnancy increases the circulating blood volume. In addition, the low hemoglobin values of most patients with chronic renal failure are inadequate to support a healthy fetus. Attempting to conceive while on dialysis can be harmful to both mother and fetus. If the renal problem is genetically transmitted, as in polycystic kidney disease, reproduction may also be discouraged [31].

BODY IMAGE AND SELF-CONCEPT



Because elimination is essentially culturally prescribed, it is intimately linked to our view of ourselves and to our self-concept. A person faced with the problem of disposing of a plastic bag full of urine or who finds that engaging in certain activities means that urine is likely to leak may feel unclean and out of control of basic body functions. The person may also worry about personal odors [31].
To conceal urinary diversion appliances or drainage tubes, patients may find their choice of clothing limited to nonrestrictive and comfortable styles. Not being able to wear a preferred style of clothing may provoke anxiety in some people. Being unclothed and seen in the nude may also cause great discomfort to the patient concerned about body changes [31].
Patients who have undergone renal transplantation may have concerns about having another person's organ in his or her own body. The knowledge that a donor has sacrificed a healthy kidney for the patient's benefit may become a burden of guilt. This guilt may be increased if the donor kidney is ultimately rejected [31].


6. NURSING ASSESSMENT: ESTABLISHING THE DATA BASE



The nursing process when caring for patients with problems of the kidneys and urinary tract encompasses a wide range of assessments and interventions.
SUBJECTIVE DATA



Assessment of a patient's normal pattern of urination and discussion of changes in the pattern involves questioning the patient about the urinary volume, timing, characteristics, micturition control, and appearance of urine. Patients often experience anxiety discussing this aspect of their lives. Urination is typically private, and language referring to the process frequently involves colloquial expressions or terminology unique to a particular family or group. Thus, clear communication about the exact nature of the problem may be difficult. In addition, the proximity of the urethra to the organs of sexual functioning may cause further embarrassment or anxiety during assessment. Taking a calm, confident approach to the interview and examination may make the patient more comfortable [33,34].
It is important for nurses to question the patient about any changes in micturition. What color is the urine? Is there pain with urination? Does the patient have frequency, urgency, or hesitancy with voiding? Are there problems with incontinence? Does the patient void excessive amounts? Only a little? At night? These questions will elicit information about various alterations in micturition and the characteristics of the underlying problem [33,34].
Changes in the urine's appearance may be the presenting
        problem. Hematuria can be a serious sign, as it may be indicative of cancer. However, it
        also may be related to anticoagulant therapy, excessive exercise, infection, or trauma. If
        the urine is excessively alkaline, patients may describe it as being bright red or
        coffee-colored. If the urine is excessively acidic, blood can give the urine a cloudy or
        smoky appearance. In most cases, however, cloudy urine is the result of pus in the urine
        (pyuria). In severe pyuria, urine is also malodorous. Almost colorless urine usually results
        from excessive fluid intake, chronic renal disease, diabetes insipidus, or diabetes
        mellitus. Dark yellow-orange urine suggests dehydration or ingestion of medications or foods
        that discolor the urine. It is important to know when the change in urine color began and if
        it is constant, intermittent, or triggered by specific events [27,28].
Pain is not always present with chronic disorders of the kidneys and urinary tract; it is more common in acute conditions. If present, the patient's history should illicit descriptions of the character, location, distribution, onset, duration, and frequency of the discomfort [27,28]. Is it related to voiding? What brings it on? What relieves it?
Pain from within the kidney is typically described as a dull ache in the flank area (between the ribs and the ileum) and extending into the lower abdomen or the umbilical area. In most cases, the pain is always present and not interrupted with position changes. Renal and ureteral colic causes severe, excruciating pain of sudden onset. The pain, located in the flank area and radiating to the groin, is accompanied by nausea, vomiting, and paralytic ileus [27,28].
Feeling the constant need to void when catheterized is due to the pressure of the catheter in the urethra and spasms of the bladder. Bladder pain in the suprapubic area is usually the result of bladder spasms, which can be contractions of the detrusors muscle responsible for normal micturition. Urgency and burning on urination are also common in patients with cystitis or urethritis. Cystitis may produce burning both during and after urination, whereas urethritis usually causes burning during urination only. Strangury often accompanies severe urinary tract infection [27,28].
Some patients with symptoms of burning on urination may actually have a vaginal infection, so these patients should be assessed for signs of vaginal discharge. Has the patient noted any vaginal or perineal itching or dyspareunia (pain with sexual intercourse)? Pain at the urethral orifice or meatus results from irritation or trauma of the bladder neck or urethra. Renal and perineal fullness and pain suggest prostatitis. Metastasis of prostatic cancer to the pelvis can cause leg and back pain [27].
Questions regarding micturition frequency, dribbling, hesitancy, and incontinence are important. How many times per day does the patient void? Is there trouble initiating the stream or difficulty holding the urine? Does the patient get up at night to void? How many times? When did this begin?
Stress incontinence is a common problem for women. As noted,
        weakness can develop in the bladder-urethral sphincter mechanism through the stretching of
        pelvic muscles during childbirth or the pressure of the uterus on the bladder during
        pregnancy. In the elderly, relaxation of pelvic musculature also contributes to the
        incontinence. Frequent catheterizations and the use of forceps during delivery increase the
        chances for development of stress incontinence. When questioned, women may state that they
        have to wear sanitary pads or adult diapers [27].
Nurses should also determine if the patient maintains an
        adequate fluid intake (1,500–2,000 mL per day). If the patient has an excessive intake of
        milk and vitamin D, this could lead to hypercalciuria. Proteinuria, hematuria, or both can
        be a normal finding in people who exercise excessively. Immobility because of disability,
        fracture, thrombophlebitis, or surgery can predispose patients to the development of renal
        calculi [25,35].
Obtaining a medication history is essential, because many drugs can damage the kidney. Has the patient taken any prescription drugs recently? What over-the-counter medications does the patient routinely take? It is also important to determine if the patient has had any toxic exposures on their job or in their lives [36].
The patient's health history may be significant [28]. Has the patient ever had problems that could lead to nephropathy, such as frequent streptococcal infections, recurrent urinary tract infections, renal calculi, hyperuremia (as occurs in gout), or hypercalcemia (as occurs in hyperparathyroidism, sarcoidosis, or metastatic bone disease)? Has the patient ever had an indwelling catheter, cystoscopy, or x-rays of the renal system? Is there a history of trauma?
Family history of congenital disorders should also be
        determined, including polycystic kidney disease and congenital malformations of the urinary
        tract. A strong family history of diseases such as diabetes or hypertension is also
        significant because these diseases tend to cause renal problems [37].
Because of common autonomic and sensory nervous system innervation between the gastrointestinal and urinary tracts, as well as the anatomic proximity of the organs of the two systems, gastrointestinal symptoms often accompany renal system conditions. Some of these symptoms are nausea, vomiting, diarrhea, abdominal pain, gastrointestinal hemorrhage, and paralytic ileus. Conversely, urinary symptoms may accompany gastrointestinal conditions [27,28].

OBJECTIVE DATA



Physical Assessment



Objective data are obtained in the physical assessment of the patient through inspection, auscultation, percussion, and palpation. Objective data are also obtained through a variety of diagnostic studies.
Inspection
The first stage of data collection is inspection of the patient. Examination of the skin is important; patients with uremia have a characteristic ashen, yellow skin coloring, and uremic frost maybe visible. The eyes of these patients are often sunken and give the patient a wasted appearance exaggerated by muscle wasting and edema. The edema associated with renal failure is generalized rather than dependent. Bruises are common [38].
The skin also provides clues to renal involvement in patients not yet diagnosed as having urinary system problems. In a hypernatremia state, the skin is dry and flushed, and the body temperature is elevated. Examination of the mucous membranes of the nose and mouth is important. With hypernatremia, the mucous membranes are dry and sticky, and the tongue is rough and dry. Skin turgor provides insight regarding the patient's hydration status [38]. Tetany, including carpopedal spasms, occurs with hypocalcemia. Nurses should observe for other signs of various electrolyte imbalances.
Respirations should be observed. Rapid respirations suggest metabolic acidosis, infection, or fluid overload. Shallow respirations and shortness of breath may be signs of hypokalemia. Shortness of breath may also suggest pulmonary edema, congestive heart failure, or both [38].
Inspection of the abdomen may reveal some important findings. Scars may indicate a history of surgical procedures or trauma. There may be urinary or fecal diversions or cutaneous fistulas. The abdominal contour may be altered if the bladder is descended or the kidneys are enlarged, as with polycystic kidney disease. With significant bladder distention, the umbilicus may be displaced [38].
If possible, urine should be inspected for blood, color, cloudiness, and precipitates. If any discharge is present at the urinary meatus, a specimen of that discharge should be obtained before the patient gives a urine sample [38].
Auscultations
Auscultations of the lungs may provide evidence of rales or rhonchi related to fluid overload. Cardiac irregularities and faint heart sounds may be heard with potassium imbalance. Friction rubs, as well as S3 and S4 sounds, also may be heard during auscultation of the heart and lungs. The abdomen should be auscultated for renal bruits. When listening over each costovertebral angle (CVA), a bruit over one or both renal arteries suggests the possibility of renal artery stenosis.
Percussion
Percussion of the urinary bladder will elicit a dull sound if the suprapubic region of the bladder is distended. Bladder distention may extend to the level of the umbilicus or higher. When bladder tone is diminished because of chronic distention, bladder fullness may be detectable only by percussion [38].
A variation of the normal percussion technique can detect discomfort or pain over the kidney. Tenderness over the CVA suggests infection in the kidney or perinephric space [38].
Palpation
Palpation of normal-sized kidneys is difficult except in individuals who are quite thin or have poorly developed muscles. The right kidney is more readily palpable because it is normally lower in the abdomen and slightly more anterior than the left kidney [38].
As such, deep palpation is necessary to identify the kidney. In this method, the lower pole of the right kidney may be palpated when the patient takes a deep breath. In another method of kidney palpation, called capturing, hand placement is the same, but the right hand exerts greater pressure. The patient is asked to exhale and then to stop breathing. If the kidney has been captured, it will be felt as the pressure of the fingers is released. The patient will feel this procedure, but it should not be painful [38].
If abdominal masses are present and are thought to be enlarged kidneys, perform only gentle and light palpation. If the masses are polycystic kidneys, palpation may aggravate bleeding. Examiners in doubt about the nature of the mass should eliminate this aspect of the examination [38].


DIAGNOSTIC STUDIES



Laboratory Tests



The laboratory tests most often used to assess kidney function include serum creatinine, blood urea nitrogen (BUN), and creatinine clearance [38].
Serum Creatinine
Serum creatinine measurements primarily reflect the
          ability of the kidneys to excrete creatinine—the waste product of the breakdown of
          phosphocreatine during skeletal muscle metabolism. The normal serum creatinine level is
          0.6–1.5 mg/dL, but it varies with sex and individual muscle mass characteristics. Serial
          changes in serum creatinine levels are significant in evaluating and interpreting renal
          function, because this substance is excreted entirely by the kidneys and is therefore
          directly proportional to excretory function. Serum creatinine levels are less affected by
          factors such as dehydration, malnutrition, or hepatic function than BUN levels. Therefore,
          serum creatinine levels are more accurate than BUN levels in assessing renal function
            [38].
Blood Urea Nitrogen (BUN)
The BUN level is a general indicator of renal ability to excrete urea nitrogen, and the normal BUN level is 6–20 mg/dL. Urea nitrogen is synthesized by the liver using protein sources for the conversion, so hepatic function is also a factor. Because dietary proteins form the primary source of urea nitrogen, a diet high in protein will increase BUN levels, especially in the presence of renal disease. The metabolism of hemoglobin also results in the production of urea nitrogen [38].
Nearly all primary renal diseases cause BUN levels to rise, as do certain medications (e.g., steroids, tetracycline, tobramycin, gentamicin, certain chemotherapeutic drugs). Hydration changes also alter the BUN level. In dehydration, decreased renal blood flow leads to decreased excretion of urea nitrogen and increased serum BUN levels. The BUN level also may rise when excessive amounts of protein are available for hepatic catabolism or when there is gastrointestinal bleeding. Because urea synthesis relies on a functioning liver, the BUN level may be normal in hepatorenal syndrome or any time there is combined liver and kidney disease. In these cases, the BUN level is normal not because the renal excretory function is good, but because hepatic function is poor and BUN formation is therefore decreased [38].
Uric Acid
Uric acid is a nitrogenous product derived from urine metabolism. Purines are produced by the metabolism of cellular nucleic acids and complex dietary proteins. Elevated serum uric acid levels may indicate renal dysfunction or a defect in purine metabolism. The normal serum uric acid level is 2.1–7.5 mg/dL in men and 2.0–6.6 mg/dL in women [38].
Creatinine Clearance Test
The best test to measure overall renal function is the
          creatinine clearance test, a mathematical calculation that compares the amount of
          creatinine filtered in a 24-hour urine collection with the amount of creatinine that
          remains in the serum. Because almost all creatinine is excreted and other variables do not
          influence muscle metabolism and renal excretion, creatinine clearance is regarded as the
          best indicator of renal function. Although a 24-hour collection is preferred, a 12-hour or
          shorter collection may be acceptable in some situations [38].
The normal creatinine clearance value for men is 107–141 mL/min; for women, it is 87–132 mL/min. For practical purposes, a rate of 100 mL/min may be considered normal to allow comparison for the clearance to a percentage value. For example, a creatinine clearance value of 100 mL/min suggests that 100% is normal. A creatinine clearance value of 50 mL/min suggests that 50% renal function is lost and 50% remains. After the initial calculation, subsequent increases of the serum creatinine level imply that renal function is deteriorating; in other words, the kidneys are clearing less creatinine, and the serum level is increasing. Subsequent creatinine clearance calculations would result in decreasing values, because less creatinine would be measured in the urine as more accumulate in the serum. The trend is what is significant. The serum level will not increase until at least 50% of renal function has been lost [38].
Dialysis or transplantation is generally not indicated until the creatinine clearance value is less than 5 mL/min. Occasionally, however, symptoms may dictate that dialysis be started before the levels get that low [38].
Routine Urinalysis
Routine urinalysis assesses the nature of urine produced, including:
	Measurement of color, pH, and specific gravity
	Determination of the presence of glucose, protein, blood, and ketones
	A microscopic examination of the urine sediment for cells, cysts, bacteria, and crystals


Abnormal findings require further delineation and confirmation.
Specific gravity, a measure of the concentration of
          particles in the urine, reflects the ability of the kidney tubules to concentrate or
          dilute urine. The normal specific gravity is 1.016–1.022, but it can range from
          1.001–1.040. The specific gravity increases in patients with:
      
	Dehydration, because the kidneys absorb all available free water, making the excreted urine concentrated
	Pituitary tumor that causes the release of excessive amounts of ADH, resulting in excessive water absorption
	Decrease in renal blood flow, as in hypotension, heart failure, or renal artery stenosis
	Glycosuria and proteinuria, because of the increased number of particles in the urine


In contrast, urine specific gravity decreases in patients
          with:
      
	Overhydration
	Diabetes insipidus, which is characterized by inadequate secretion of ADH and resultant decreases in water reabsorption
	Renal failure
	Pyelonephritis
	Acute tubular necrosis
	Interstitial nephritis


In patients with chronic renal failure, the specific gravity is usually stable at about 1.010 despite changes in the intake because the kidney can no longer respond to changes.
The normal protein content of urine is less than 8 mg/dL. The first voided morning specimen is preferred to detect the presence of protein in the urine, because orthostatic and transient proteinuria generally can be ruled out. However, stress and exposure to cold weather over time also can contribute to transient proteinuria. Higher-than-average protein levels found on routine analysis (albuminuria) should be evaluated further for total protein by the 24-hour collection. Proteins other than albumin may be identified and require investigation by other methods, such as urine electrophoresis [38].
Normally, there are no ketones in the urine. Ketonuria occurs when there is incomplete metabolism of fats. This condition may be observed in diabetic ketoacidosis, dehydration, starvation, or excessive aspirin consumption. Patients who follow a diet high in protein and low in carbohydrates will also form ketones [38].
Normal urine contains only small amounts of glucose—usually less than 15 mg/dL. Glycosuria occurs when the renal threshold for reabsorption of glucose is exceeded. The renal tubule cells are able to reabsorb glucose up to a serum blood glucose level of about 180 mg/dL. When the renal tubules are impaired, glycosuria will occur at lower serum glucose levels. Aging, pregnancy, and diabetes of several years duration will increase the renal threshold for glucose [38].
Any disruption in the blood-urine barrier, whether at the glomerular or tubular level, will cause hematuria. More than two or three red blood cells found in the sediment of urine is considered abnormal. Hemolysis of red blood cells that results in hemoglobinuria may occur in various hemolytic anemias and following some blood transfusion reactions [38].
Bilirubinuria should be suspected when the color of the urine is dark gold or brown. Normally, there is no detectable bilirubin in the urine, and its presence indicates liver dysfunction or an obstruction of the flow of bile in the biliary tract [38].
As noted, the presence of white blood cells in urine (pyuria) indicates an infection of the urinary tract. However, four or five white blood cells per high power field are not significant [38].
Epithelial cells that line the urethra and vagina are commonly found in the urine. However, the presence of renal cells suggests a pathologic condition in the kidney [38].
Casts are abnormal elements formed in and molded to the lumen of the tubules. Mucoproteins and various other cells (e.g., red blood cells, white blood cells, epithelial cells) form the cast. White blood cell casts suggest kidney infection, whereas red blood cell casts suggest damage to glomerular capillaries or ruptured tubular walls. Hyaline casts, composed of various types of protein, are the most common and may be found in people with high fever or who exercise strenuously. This finding indicates the mildest form of tubular damage. As casts degenerate, they may become granular or waxy [38].
Crystals found in the urine sediment indicate that the patient may have or is at risk of forming a renal calculus. Urate crystals occur with gout, while phosphate and calcium oxalate crystals occur in patients with hyperparathyroidism or malabsorptive states. The type of crystal found varies with urine pH. Urate crystals are found in acidic urine, and calcium oxalate crystals occur in alkaline urine [38].
Few if any bacteria are normally present in urine, and large numbers of bacteria suggest infection in the urinary tract. Normal urine contains less than 1,000 colony-forming units/mL; a count greater than 10,000 colony-forming units/mL indicates an infection. However, these cutpoints have been disputed. Some experts use a value of 100,000 colony-forming units/mL as indicating infection, but others assert that infections will be missed using this criterion [38].
Urinary osmolality reflects the ability of the kidneys to concentrate or dilute urine to maintain osmotic balance. Urine osmolality is interpreted in comparison with plasma osmolality. For example, if plasma osmolality is elevated, the kidneys should reabsorb water and excrete more concentrated and smaller volumes of urine. In contrast, if plasma osmolality is low, the kidneys should excrete a less concentrated and larger volume of urine. This maintains the proper osmotic balance among cells, tissue, and plasma. The ratio of urine osmolality to plasma osmolality should be greater than 1:1. Urine osmolality is typically 300–1,090 mOsm/kg, depending upon sex and physical activity. Variations in urinary osmolality also depend on the amount of solute to be excreted [38].
Other Tests
Hemoglobin and hematocrit values of patients with chronic renal failure are low (hemoglobin of 7–8 g/day and hematocrit of 20% to 30%) because of decreased erythropoietin production. White blood cell counts are elevated in the presence of renal infection [38].
Serum potassium and phosphorus levels are elevated with acute renal failure and uremia. Hyperkalemia and metabolic acidosis are especially common in patients with acute renal failure. Elevated phosphorus levels also occur with chronic renal failure. Serum calcium is deceased in renal failure [38].


IMAGING STUDIES



Ultrasonography



Ultrasonography of the kidney can locate renal cysts, differentiate renal cysts from solid renal tumors, demonstrate renal or pelvic calculi, and guide a percutaneously inserted needle for cyst aspiration or removal of a biopsy specimen [38]. In addition, ultrasonography may be used to document the size of the kidneys. Chronic kidney disease characteristically results in smaller-than-average kidneys, whereas acute kidney injury is characterized by normal or even enlarged kidneys. Asymmetry may be a result of unilateral renal artery stenosis [27,28].

X-Ray



An abdominal flat-plate x-ray of the abdomen is called a kidney, ureter, and bladder (KUB) or plain film. The KUB will generally determine the presence of two kidneys, as well as provide a general outline of the kidneys, and may also identify tumors, malformations, and calculi. The study is contraindicated during pregnancy [38].

Computed Tomography



The use of unenhanced computed tomography (CT) imaging is now the standard diagnostic tool to evaluate renal colic. It offers the advantage over intravenous (IV) urography of avoiding contrast and enabling diagnosis of other abdominal abnormalities that can cause pain. Multi-dose CT scan can readily diagnose radiolucent stones, which may not be seen on IV urography, as well as small stones, even in the distal ureter. With the exception of some indinavir stones, almost all renal and ureteral stones can be detected on helical CT scan. In the detection of urolithiasis, unenhanced CT has a sensitivity ranging between 96% and 100% and specificity ranging between 92% and 100% [40].
Stones in the distal ureter can be difficult to differentiate from pelvic calcifications. In these cases, the urologist will look for other signs of obstruction indicating the presence of a stone, including ureteral dilation, inflammatory changes in the perinephric fat, hydronephrosis, and a soft tissue rim surrounding the calcification within the ureter. The soft tissue rim around a stone represents irritation and edema in the ureteral wall [40].

Cystoscopy



A cystoscopy is a procedure in which a cystoscope is inserted into the bladder via the urethra to visualize directly into the internal bladder wall and the contents of the bladder. A cystoscopy is indicated to identify the origin of hematuria as well as to diagnose and remove tumors, stones, or any other foreign material. The application of electrical current to the lesion (fulguration) to remove bladder tumors may be carried out during the cystoscopy examination. A cystoscopy also can be used to implant radium seeds into a tumor, place catheters in the ureters to drain the renal pelvis, or coagulate bleeding areas [38].
A cystoscopy is performed under general or local anesthesia. During the procedure, the patient is supine, with the legs and feet supported in a lithotomy position. Strict aseptic technique is essential during the examination. The cystoscope is available in a variety of sizes from 12 to 26 F. Its wide-angle lens allows viewing of the interior bladder surfaces. A panendoscope will be used to examine the urethra visually, because its lens is more directly in line with the instrument. Retrograde pyelography allows visualization of the bladder, ureters, and renal pelvis, and is used for persons suspected of having an obstruction from a tumor, stone, blood clot, or stricture (narrowing) in the kidney or ureters. It involves the direct injection of dye into each ureter through the cystoscope, and also may be performed during the procedure. The test evaluates the lower portion of the ureter to which urine flow is obstructed. It is indicated if obstruction is suspected in the ureters or the renal pelvis. Because the dye is not directly injected into the bloodstream, this procedure avoids the risk of reaction to the contrast media [38].
Nursing Implications
Patients should be told that the cystoscope is inserted into the bladder in the same manner as a catheter. Because it is rigid and not flexible, as a catheter would be, the procedure may cause mild- to-moderate discomfort. Give enemas as ordered to clear the bowel. Keep the patient NPO if general anesthesia is planned. A liquid breakfast may be given if local anesthesia is to be used. Administer preprocedure sedatives as ordered to help reduce anxiety as well as bladder spasms [28].
Postprocedure, record careful measurements of urinary output. Vital signs should be measured at least every four hours and any elevation of temperature reported immediately. Urinary instrumentation is a major cause of nosocomial urinary tract infections, but prompt detection and treatment may prevent complications such as sepsis and acute renal failure. Hematuria is a common postprocedure finding, but it will gradually decrease over 24 to 48 hours. Carefully note and monitor the presence of large blood clots, as they may result in obstruction of the urinary drainage system. To avoid these problems, a catheter that permits irrigation and drainage may have been inserted during the cystoscopy [28].
Perforation of the bladder or ureters is possible during cystoscopy. The symptom of abdominal pain should alert the nurse to such an occurrence. The patient may also experience back pain, bladder spasms, urinary frequency, and burning on urination. Warm sitz baths and mild analgesics may be ordered and given. In some cases, belladonna/opium suppositories are given to relieve bladder spasms. Encourage fluids. Occasionally, antibiotics are ordered one day before and three days after the procedure to reduce the incidence of bacteremia [28].

Intravenous Urography



Although IV urography was once the standard in urologic imaging, it has essentially been replaced by CT and magnetic resonance imaging (MRI). With the ability of new scanners to perform axial, sagittal, and coronal reconstruction of the upper urinary tract system, essentially all of the data and information obtained by traditional IV urography can be realized with CT imaging. In addition, some parenchymal defects, cysts, and tumors can be better delineated with CT than with IV urography [39].
IV urography may be indicated to assess the renal collecting systems and ureters, including investigation of the level of ureteral obstruction and demonstration of intraoperative opacification of the collecting system during extracorporeal shock wave lithotripsy. It may also be used to demonstrate renal function during emergent evaluation of unstable patients. Finally, it can demonstrate renal and ureteral anatomy after interventions such as transureteroureterostomy and urinary diversion [39].

Percutaneous Nephrostomy



Percutaneous nephrostomy (PCN) provides a less invasive
          means to drain the renal collecting system in cases where obstruction of the kidney and
          ureter has resulted in hydronephrosis. Most often used for patients with kidney stones or
          bladder or pelvic tumor obstructions, PCN may be used to divert urine from the renal
          collecting system to allow leaks and fistulas to heal. The procedure is often performed
          after attempts at placing a ureteral stent through retrograde cystoscopy have proven
          unsuccessful. Providing drainage for that kidney is an urgent necessity, and PCN provides
          an exact method of accomplishing this task [39].
The approach is extremely important for PCN, and the procedure is performed under ultrasound or fluoroscopic guidance. In some cases, a small amount of IV iodinated contrast is administered at the start of the procedure to opacify the collecting system. The patient is placed in the prone position with both arms above his or her head or one arm up and the other at the noninvolved side. The entry site is prepped and draped and infiltrated with local anesthetic. A small puncture is made with a scalpel, and a posterior lateral approach is made with a needle and directed toward a lower calyx of the kidney. If the tip of the needle has entered a dilated part of the collecting system, urine will flow back from the needle when the stylet is removed. A specimen should be collected and sent to the laboratory for microscopic and bacterial studies. Obviously, infected urine will be cloudy and turbid [39].
Hemorrhage is the major risk of PCN, but the risk can be reduced substantially with use of a very small needle. Nephrostomies are performed frequently in interventional radiology departments and are a major part of the treatment for patients with malignant obstructions, renal stones, and other kidney problems.

Retrograde Pyelography



Retrograde pyelograms are performed to visualize the ureters and intrarenal collecting system by the retrograde injection of contrast media. Any contrast media that can be used for excretory urography is also acceptable for retrograde pyelography. It is important that measures are taken to attempt to sterilize the urine before retrograde pyelography, because there is a risk of introducing bacteria into the upper urinary tract or the bloodstream. Although many studies are able to document the presence or absence of dilation of the ureter, retrograde pyelography has the unique ability to document the patency of the ureter distal to the level of obstruction and to help better define the extent of the ureteral abnormality [39].
Retrograde pyelograms are usually performed with the patient in the dorsal lithotomy position. An abdominal plain radiograph (i.e., scout film) is obtained to ensure that the patient is in the appropriate position to evaluate the entire ureter and intrarenal collecting system. Next, the ureteral orifice is identified via cystoscopy, and contrast may be injected through either a non-obstructing or obstructing catheter [39].
Non-obstructing catheters include whistle tip, spiral tip, or open-ended catheters. These catheters allow passage of the device into the ureter and up to the collecting system, over a guidewire if necessary. Contrast can then be introduced directly into the upper collecting system and the ureters visualized as the catheter is withdrawn.
Obstructing ureteral catheters include bulb-tip, cone-tip, and wedge-tip catheters. These catheters are inserted into the ureteral orifice and then pulled back to effectively obstruct the ureter. Contrast is then injected to visualize the ureter and intrarenal collecting system. Depending on the indication for the study, it may be useful to dilute the contrast material with sterile fluid. This prevents subtle filling defects in the collecting system or ureter from being obscured. Care should be taken to evacuate air bubbles from the syringe and catheter before injection, as such artifacts could be mistaken for stones or tumors.
Historically, when a retrograde pyelogram consisted of a series of radiographs taken at intervals, it was important to document various stages of filling and emptying of the ureter and collecting systems. Because of peristalsis, viewing the entire ureter is often not possible with a single static exposure or view. With modern equipment, including tables incorporating fluoroscopy, it is possible to evaluate the ureter during peristalsis in real time, thus reducing the need for static-image documentation. Occasionally, still images may be saved for future comparison. In general, however, urologists interpret retrograde pyelograms in real time as they are performed [39].
Indications for retrograde pyelogram include the
          evaluation of congenital ureteral obstruction, evaluation of acquired ureteral
          obstruction, elucidation of filling defects and deformities of the ureters or intrarenal
          collecting systems, opacification or distention of the collecting system to facilitate
          percutaneous access (in conjunction with ureteroscopy or stent placement), evaluation of
          hematuria, surveillance of transitional cell carcinoma, and evaluation of traumatic or
          iatrogenic injury to the ureter or collecting system.
Retrograde pyelography may be difficult in cases in which there is diffuse inflammation or neoplastic changes of the bladder, especially when bleeding is present. In these cases, identification of the ureteral orifices may be facilitated by the IV injection of indigotindisulfonate sodium (indigo carmine) or methylene blue. Changes associated with bladder outlet obstruction may result in angulation of the intramural ureters, which may make cannulation with an obstructing catheter difficult. Attempts to cannulate may result in trauma to the ureteral orifice and extravasation of contrast material into the bladder wall. The potential for damage to the intramural ureter should be weighed against the potential information obtained by the retrograde pyelogram [39].

Loopography



Loopography is a diagnostic procedure performed in patients who have undergone urinary diversion. Historically, the term loopogram has been associated with ileal conduit diversion, but it may also be used in reference to any bowel segment serving as a urinary conduit. Because an ileal conduit urinary diversion usually has freely refluxing uretero-intestinal anastomoses, the ureters and upper collecting systems may be visualized. In other forms of diversion, the uretero-intestinal anastomoses may be purposely non-refluxing [40].
The patient is positioned supine and an abdominal plain radiograph is obtained before introduction of contrast material. A commonly employed technique is to insert a small-gauge catheter into the stoma of the loop, advancing it just proximal to the abdominal wall fascia. The balloon on such a catheter can then be inflated to 5–10 mL with sterile water. By gently introducing contrast through the catheter, the loop can be distended, usually producing bilateral reflux into the upper tracts. Oblique films should be obtained in order to evaluate the entire length of the loop. Because of the angle at which many loops are constructed, a traditional anteroposterior view will often show a foreshortened loop and could miss a substantial pathology. A drain film should also be obtained, as this may demonstrate whether there is obstruction of the conduit [40].
Indications for a loopogram include evaluation of infection, hematuria, renal insufficiency, or pain after urinary diversion. It can be used for surveillance of upper urinary tract obstruction or urothelial neoplasia, or it may be used to evaluate the integrity of the intestinal segment or reservoir [40].

Retrograde Urethrography



A retrograde urethrogram is a study performed to evaluate the anterior and posterior urethra, usually in male patients. It may be particularly beneficial in demonstrating the total length of a urethral stricture that cannot be negotiated by cystoscopy and the anatomy of the urethra distal to a stricture that may not be assessable by voiding cystourethrography. This procedure is performed in the radiology department or in the operating room before performing visual internal urethrotomy or formal urethroplasty [40].
A plain film radiograph is obtained before injection of contrast, and the patient is usually positioned slightly obliquely to allow evaluation of the full length of urethra, with the penis placed on slight tension. A small catheter may be inserted into the fossa navicularis with the balloon inflated to 2 mL with sterile water. Contrast is then introduced via a catheter-tipped syringe. Alternatively, a penile clamp may be used to occlude the urethra around the catheter. Indications for a retrograde urethrogram include evaluation of urethral stricture disease (including location and length of a stricture), assessment for foreign bodies, evaluation of penile or urethral penetrating trauma, and evaluation of traumatic gross hematuria [40].

Voiding Cystourethrogram



A voiding cystourethrogram is performed to evaluate the anatomy and physiology of the bladder and urethra. The study provides valuable information regarding the posterior urethra in pediatric patients and has long been used to demonstrate vesicoureteral reflux.
Voiding cystourethrogram may be performed with the patient supine or in a semi-upright position using a table capable of bringing the patient into the full upright position. A preliminary plain pelvic radiograph is obtained. In children, a tube (8 French or smaller) is used to fill the bladder to the appropriate volume, as determined by the radiologist's needs and patient comfort. In the adult population, a standard catheter may be placed and the bladder filled to 200–400 mL. The catheter is then removed and a film is obtained. During voiding, anteroposterior and oblique films are obtained. The bladder neck and urethra may be evaluated by fluoroscopy during voiding. Bilateral oblique views may demonstrate low-grade reflux, which is not able to be appreciated on the anteroposterior film. In addition, oblique films will demonstrate bladder or urethral diverticula, which are not always visible in the straight anteroposterior projection. Post-voiding films should also be performed [40].
Indications for a voiding cystourethrogram include evaluation of the urethra, possible reflux, and structural and functional bladder outlet obstruction. There are certain limitations with a voiding cystourethrogram. Using a catheter may be traumatic in children and difficult in some patients with anatomic abnormalities of the urethra or bladder neck. Filling of the bladder may stimulate bladder spasms at low volumes, and some patients may be unable to hold adequate volumes for investigation. Bladder filling in patients with spinal cord injuries higher than T6 may precipitate autonomic dysreflexia [40].


RENAL BIOPSY



Renal biopsies are extremely helpful to pinpoint an exact diagnosis in a patient experiencing kidney disease. Lupus-like syndromes and types of tubular interstitial disorders may be diagnosed accurately by examination of kidney tissue. Cellular changes, atrophy, and neutrophil infiltration all may be seen by the pathologist, and these factors aid the nephrologist in treatment planning and prognosis. Renal biopsies are also performed to aid in tracking rejection after a kidney transplant. Some smaller hospitals send their renal specimens out to a laboratory that specializes in analysis of renal tissue because the care and examination of renal specimens are quite involved. The renal biopsy itself, however, may be performed in general interventional radiology departments.
Patients are positioned prone for kidney biopsies. Specimens
        are collected by means of long sampling needles. The procedure is usually safe, but some
        caveats apply, as in sampling for lupus [41]. Some referring physicians prefer to admit their patients overnight, just to be sure that
        any excessive bleeding may be noted.
Long needles may also reach tumors of the adrenal gland. Due to the adrenal's location on the superior pole of the kidney, the technique for positioning is almost exactly the same. The physician isolates the solid tumor by CT scan or ultrasound guidance and obtains a sample for analysis. Caution should be practiced with adrenal biopsies because the possibility always exists that the mass is a pheochromocytoma. This tumor consists of cells that secrete adrenaline and other catecholamines and can cause paroxysms of hypertension, tachycardia, headache, nausea, diaphoresis, and a multitude of similar symptoms [42]. Care is always taken not to stimulate a pheochromocytoma, so piercing it with a needle should be avoided.


7. NURSING DIAGNOSES, PLANNING, AND IMPLEMENTATION



Assessment of patients with renal dysfunction involves obtaining the history, conducting a physical examination, and reviewing the results of diagnostic studies. The major nursing diagnoses are alterations in comfort, fluid retention, and impairment of gas exchange, nutrition, and urinary elimination. Various nursing interventions may be implemented to address these diagnoses.
ALTERATIONS IN COMFORT



Pain



Patients with renal or ureteral calculi commonly experience excruciating pain. Renal abscesses and infections of the urinary tract, including cystitis and urethritis, produce moderate pain [33,34].
The pain experienced by patients with renal or ureteral calculi typically requires opioid analgesics for relief. Morphine may be given intravenously to provide immediate pain relief, and subsequent doses may be given subcutaneously until the stone is passed or removed. Non-narcotic analgesics, urinary antiseptics, antibiotics, and increased fluid intake may be prescribed to control the discomfort associated with related infectious processes.
Analgesia may also be required to address the pain associated with the hypocalcemia of renal failure or metastasized renal cancer. Patients with polycystic kidney disease should avoid aspirin and aspirin-containing compounds because of the potential for bleeding with the cysts [33,34,43].
Pain associated with surgical incisions will require opioid analgesia during the initial 24 to 48 hours, and extensive surgical incisions may be quite uncomfortable for a longer period. Combination belladonna/opium suppositories may relieve the pain of bladder spasms following prostate surgery, bladder surgery, or kidney transplant surgery [33,34,43].
Nursing interventions related to comfort are considered successful if the patient is resting, moving, or sleeping comfortably. Facial expressions and body movements should be relaxed and without tension.

Pruritus



Mild or severe generalized itching accompanies ESRD and
          the development of uremia. The production and elimination of urate crystals by the skin
          and the increased production of parathyroid hormone are believed to be the causes of
          intense pruritus. Dry skin or perspiration and other moisture can worsen the pruritus
            [33,34].
In patients with ESRD and uremia, pruritus is often not
          relieved with the initiation of dialysis. Interventions that may provide comfort include
          avoiding agents known to dry the skin (e.g., soaps, lotions that contain alcohol). Bathing
          without soap will remove the uremic frost that compounds itching; bath water will be
          yellow from the urochrome pigments. Oil-based lotions and soaps containing lanolin or a
          high fat content should be encouraged. In addition, patients may be prescribed
          phosphate-binding agents; control of the phosphorous-calcium balance will moderate the
          production of parathyroid hormone [27,28]. Keeping the patient's
          fingernails short can help avoid lacerations.
Aluminum hydroxide antacids promote phosphate excretion, but they prevent the absorption
          of iron and should be used with caution, especially in those with anemia. Vitamin D and
          calcium supplementation should be given to correct the calcium deficit after
          hyperphosphatemia has been corrected. Possible signs of hypocalcemia are sore feet, muscle
          weakness, joint pain, generalized bone aching, and spontaneous fractures. Diphenhydramine
          hydrochloride (Benadryl) and trimeprazine tartrate (Temaril) may provide relief from the
          itching. Because it is excreted by the kidney, the dose of diphenhydramine hydrochloride
          may be reduced to avoid toxicity. Ultraviolet light treatments (phototherapy or
          photochemotherapy) three times per week may control severe pruritus by promoting more
          rapid turnover of epithelial skin cells. Parathyroidectomy may be required if excessive
          parathyroid hormone production and pruritus cannot be controlled with more conservative
          measures [27,28]. Relief from pruritus is considered
          successful if the patient does not constantly scratch or ask to be scratched and if skin
          is free of excoriation from frequent scratching [33,34].


POTENTIAL FOR INFECTION



Patients with renal calculi (stones in the kidneys, ureters, or bladder) may develop infections, as the stones are a continuing nidus of bacterial growth. Indwelling urinary catheters, stents, ureteral tubes, and nephrostomy tubes also increase the risk for infection. Urinary stasis associated with a neurogenic bladder increases the risk of ascending urinary tract infections, which can become systemic bacteremia. Any urinary instrumentation required for diagnosis or treatment (e.g., cystoscopy) may introduce pathogens, potentially leading to infection. In patients with uremia from either acute renal failure or ESRD, altered immune processes further contribute to the potential for infection [33,34].
Infections increase the workload of the kidneys, and the prevention of infection is a priority. It is important to maintain sterile technique during dressing changes and at sites where catheters have been inserted into the circulatory or urinary system. Intermittent catheterization is preferable to the placement of a continuous indwelling urinary catheter. If continuous urinary catheter drainage is necessary, however, the continuity of the system should not be disrupted. The tubing and bag should remain below the level of the bladder to ensure that urine does not ascend into the upper urinary tract. Vascular access routes for hemodialysis and catheters for peritoneal dialysis should all be cared for carefully [27,28].
Handwashing is an essential element of aseptic technique and care of patients with catheters. In addition, healthcare staff should be educated and trained in proper techniques of catheter insertion and care.

ALTERATION IN FLUID VOLUME



Fluid Volume Deficit



Loss of fluid volume as a result of diuretics, infection, hemorrhage, or fluid shift to the interstitial space (as with nephritic syndrome) may result in a fluid volume deficit. Patients undergoing dialysis also may have too much fluid removed during the treatments and experience a fluid volume deficit (hypovolemia) [33,34]. For patients with normal renal function, this may contribute to decreased renal perfusion and the development of prerenal azotemia.
Oral or IV fluid replacement will be necessary if the patient becomes fluid-depleted from diuretic therapy, surgical drainage loss, or dialysis. Blood or plasma expanders also may be given to restore intravascular volume. Careful assessment of intake and output, weight, and vital signs is essential to monitor fluid volume status. In addition, the patient's dry weight (i.e., weight after dialysis without evidence of edema and normal blood pressure) may need to be re-evaluated [27,28].
Normalized blood pressure levels and body weight are used to verify successful interventions for stabilization of fluid volume. The patient should demonstrate knowledge of his/her fluid allowance, ability to calculate fluid intake and loss, and correlation of weight changes with physical well-being. For example, the patient who suddenly becomes short of breath should suspect that his/her dry weight has been exceeded and blood pressure is elevated. Other signs that fluid volume has corrected include absence of cerebral manifestations (e.g., syncope, light-headedness) with changes in posture, resolution of nausea or thirst, minimization of peripheral edema, and elimination of rales or lung congestion [33,34].

Fluid Volume Excess



Excess in circulating fluid volume, or hypervolemia, occurs when a patient is oliguric because of renal failure. This problem may occur acutely with sudden loss of renal function or develop as ESRD progresses. Furthermore, after renal transplant surgery, large volumes of IV fluid are infused at the same rate that urine is produced. This amount often exceeds 4,000 mL/hour the first day [33,34]. Excesses in fluid volume contribute to cardiopulmonary decompensation and must be corrected.
Fluid volume excess may be avoided in patients receiving dialysis if they understand the need to control intake. These patients should restrict fluid intake to the amount of urinary output in 24 hours plus 600 mL. If there is no urine output, fluid should be limited to no more than 1,000 mL and perhaps to no more than 500 mL per day. Intravenous infusions should be administered with micro-drip tubing to avoid excessive fluid administration. Medications administered piggyback are generally dissolved in the smallest possible volume of fluid [27,28].
Providing a glass with lines marking the appropriate amount of fluid will help patients control fluid intake. Fluid restriction may be prescribed as a guideline; however, patients eventually will need to assume responsibility for control of thirst and fluid intake and may impose their own fluid restriction. Intake and output, weight, and blood pressure should be monitored to assess the patient's fluid status. Clinical manifestations of fluid excess include edema, hypertension, and shortness of breath at rest or with exertion [27,28].


POTENTIAL FOR NUTRITIONAL DEFICIT



Patients with acute or chronic renal failure will have altered nutritional status. Nausea, vomiting, and anorexia are common effects of azotemia. Hypogeusia is also a common problem for patients with ESRD. Dietary modifications (e.g., low-salt, low-potassium diets) prescribed for patients with renal failure complicate efforts to maintain a good nutritional status. The loss of protein via peritoneal dialysis and loss of water-soluble vitamins via dialysis further complicate the issue. Patients with altered renal function who are acutely and critically ill from sepsis or other systemic disease will also experience nutritional deficits [25].
Patients with altered renal function generally require modified or restricted diets. Patients with hypertension should be given a diet of no added salt (generally <4 g sodium per day). If severe hypertension or heart failure is present, dietary sodium intake may be restricted to 2 g/day [25].
Patients who are losing excessive protein (e.g., patients
        with proteinuria secondary to nephritic syndrome, patients on peritoneal dialysis) require a
        high-protein diet (1.2–1.3 g/kg body weight/day). In contrast, patients with ESRD who are
        becoming uremic or are undergoing chronic hemodialysis generally require a
        protein-restricted diet (0.6–0.8 g/kg/day). Protein in foods should be of high biologic
        value (i.e., contain a high proportion of essential amino acids). Adequate protein and
        calories should be provided so the patient's muscle mass is not catabolized [25].
When patients stop excreting urine, potassium intake should be restricted to avoid fatal cardiac arrhythmias. Clinical manifestations of hyperkalemia are chiefly cardiac, although neuromuscular complications can also occur [44,45]. Electrocardiogram (ECG) changes associated with hyperkalemia include peaked T waves (often the first ECG finding), ST-segment depression, widening of the QRS and PR intervals, and loss of the P wave [44]. A late ECG sign is the appearance of a sine-wave pattern, which usually indicates impending ventricular fibrillation and asystole [44,46].
Although cardiac manifestations are obviously the most dangerous sequelae of hyperkalemia, neuromuscular complications, including paresthesias and fasciculations in the extremities, may be seen. Peripheral paralysis can occur, but paralysis of the respiratory muscles is rare [44].
Treatment of acute hyperkalemia with life-threatening symptoms (generally seen with potassium levels ≥7 mEq/L) is accomplished by the administration of IV calcium [44,46,47]. The usual recommended dose is 10 mL of a 10% calcium solution, such as calcium chloride [48]. The ECG should be monitored while calcium is administered, and calcium should be administered only when ECG changes, such as a widening QRS, have occurred [46,47]. Calcium does not correct the underlying hyperkalemia; it only counters the adverse neuromuscular effects [46]. Calcium infusion should always be followed by specific therapy aimed at lowering the plasma potassium level [45].
The administration of IV glucose and insulin is the quickest way to treat acute hyperkalemia that has not yet resulted in life-threatening sequelae [45,46,47]. This results in a shift of extracellular potassium into the cell [46]. Care should be taken in patients with diabetes and hyperkalemia, as glucose infusion that is not accompanied by a matching infusion of insulin can result in increased hyperkalemia due to extracellular hyperosmolarity [44].
When the individual is able to safely take medication orally and life-threatening sequelae have not developed, treatment with sodium polystyrene sulfate (Kayexalate) in sorbitol solution may be used [48]. This may be the treatment of choice in outpatients who are stable but have potassium levels in the 5.5–6.9 mEq/L range. In patients unable to tolerate oral administration, polystyrene sulfate may be given rectally [47,48]. Studies have raised the possibility of colonic complications from administration of polystyrene sulfate in sorbitol suspension, and there are no controlled studies of safety and efficacy for this use [49]. Due to this concern, concomitant use of sorbitol is no longer recommended [48]. Another strategy to avoid the use of polystyrene sulfate and associated adverse gastrointestinal events (e.g., ischemic colitis, bleeding, perforation, necrosis) would be the use of a loop or thiazide diuretic [50].
The most common cause of chronic hyperkalemia is renal failure; therefore, the most common management of chronic hyperkalemia is dialysis [45]. However, before resorting to dialysis, a combination of medications may be used to increase excretion of potassium, including sodium polystyrene sulfonate, furosemide, and/or IV calcium [51].

IMPAIRMENT OF GAS EXCHANGE



Renal dysfunction can lead to impairment of oxygen-carbon dioxide exchange and inadequate oxygenation. If kidneys fail to excrete hydrogen ions and regenerate adequate bicarbonate, the lungs compensate for the increased load of metabolic acids by increasing the rate and depth of breathing (i.e., Kussmaul respirations). Respiratory fatigue from continued compensation may lead to decreased oxygenation, especially if infection or cardiac problems are present.
Flank incisions or thoracoabdominal approaches for renal or urologic surgery also may limit respiratory movements. Hypoventilation following these surgical interventions may precipitate atelectasis or hypostatic pneumonia. Chronic anemia also impairs gas exchange and results in increased cardiac workload (evident as an increased heart rate) [21,22,28].
For patients with metabolic acidosis from acute or chronic renal failure, oxygen-carbon dioxide exchange may be improved with the administration of sodium bicarbonate or with the institution of dialysis. The major risk associated with IV administration of sodium bicarbonate is that it may further expand extracellular fluid volume and worsen problems of hypervolemia, if they are present. Because the correction of acidosis can lead to calcium deficits, it is important to observe for signs of tetany. Dialysate contains acetate, which converts to bicarbonate when absorbed. Thus, dialysis will provide for the replacement of depleted bicarbonate stores [27,28].

ALTERATION IN URINARY ELIMINATION PATTERN



Patients with acute or chronic renal failure may experience a variety of changes in the pattern and amount of urine produced.
Alteration Related to Retention



Retention of urine typically occurs due to obstruction to its outflow. It may result from bladder neck obstruction, as with prostatic hypertrophy, obstruction above the bladder, or neurogenic bladders [27]. The resulting bladder distention may lead to hydroureter or hydronephrosis.

Alteration Related to Polyuria, Oliguria, or Anuria



Decreased renal concentrating ability, as occurs with progressive renal insufficiency, results in polyuria. Oliguria or anuria may occur acutely, with sudden loss of renal function. Patients who progress to ESRD often notice that virtually all urine production ceases after the initiation of dialysis [28].
A variety of interventions may be undertaken for patients with incontinence, neurogenic bladder, or urinary diversion. Incontinent men may elect to wear an external catheter (also called a condom catheter), which is preferable to continuous internal catheter drainage. The major drawback of this catheter is that the penis may become excoriated and painful if the area is not kept clean. Even with good hygiene, skin breakdown can occur. A satisfactory external catheter does not exist for women [27,28].
The patient with altered urinary elimination patterns should not have bladder distention or incontinence and should be able to manage the alteration in urine flow without difficulty [27,28].


ALTERATION IN TISSUE PERFUSION



Severe blood loss, dehydration, or a shift of fluid may cause a decrease in renal tissue perfusion. This alteration in hemodynamics can result in prerenal azotemia. Uremic states also result in a decreased life span of red blood cells and an increased number of immature red blood cells [27,28]. If uncorrected, acute renal failure may result. Patients with chronic renal failure have decreased production of erythropoietin. Because the decrease is gradual, the situation is not life-threatening unless the value suddenly drops further.
Nursing interventions for patients with impaired tissue perfusion include careful monitoring of the patient's vital signs and urinary output. Fluid volume or blood replacement should occur at the prescribed rate, and the nurse should promptly report any inability to administer the fluid as prescribed. If severe hemorrhage is causing the lack of renal tissue perfusion, emergency surgery may be required [27,28].
For patients with renal failure, severe hemorrhage or fluid volume loss may significantly affect cardiac and cerebral tissue perfusion. Patients with ESRD have reduced available hemoglobin. Although patients experience chronic fatigue, vital processes are not typically impaired. If further hemoglobin loss occurs, however, cardiac dysrhythmias, angina, and hypotension may develop [27,28].
Chest pain or arrhythmias indicate alterations in perfusion. Adequate tissue perfusion may be verified through measurements of blood pressure and pulse in the patient's normal range. The patient should demonstrate orientation to person, place, and time [27,28]. Nonacute correction of impaired tissue perfusion may be achieved through the administration of iron supplements, folic acid, anabolic steroids, and judicious administration of blood transfusions [36,52].


8. SPECIFIC DISORDERS OF THE KIDNEYS AND URINARY SYSTEM



Specific disorders of the kidneys and urinary system include life-threatening illnesses with long-term implications. Renal disease can generally be categorized as chronic or acute, although a variety of underlying causes are contributory.
CHRONIC KIDNEY DISEASE



Chronic kidney disease is defined as a reduction in kidney function or kidney damage that has been present for at least three months [53,54,55,56]. However, chronic kidney disease should not be viewed in simple mathematic terms. It is an ongoing process of renal injury that causes compensatory hyperfiltration in less-affected glomeruli, which eventually leads to the destruction of those glomeruli as well [53]. Left untreated, this ongoing destruction results in a steady decline in renal function, which eventually affects not just the renal system but almost every organ system in the body [53,54].
ESRD refers to disease that requires either dialysis or transplantation services. In the
        United States, 98% of all patients receiving dialysis or transplantation have a GFR <15
        mL/min/1.73 m2
        [57]. Therefore, the terms ESRD and kidney
        failure are often used interchangeably. Although ESRD is generally associated with a GFR
        less than 15 mL/min/1.73 m2, it is more importantly an
        administrative term, as patients receiving dialysis or transplantation services are covered
        by the Medicare ESRD program [58]. In some
        cases, ESRD is also used rather loosely to refer to patients who are experiencing
        progressive chronic kidney disease and are expected to begin dialysis in a matter of days or
        weeks.
The two leading causes of ESRD are diabetes (44% of new
        patients) and hypertension (29% of new cases) [59]. New cases of ESRD with diabetes or hypertension listed as the primary
        cause had been rising rapidly since 1980, but each has declined from 2010 to 2013 [60,61]. Other less common causes of ESRD include glomerulonephritis,
        interstitial nephritis, autosomal dominant polycystic kidney disease (the leading genetic
        cause), and collagen vascular disease. Due to the prevalence of kidney transplantation,
        post-transplantation kidney disease has become the fourth largest cause of ESRD in the
        United States; however, these patients are reported within their original disease category
        for epidemiologic purposes [62]. New cases
        of diabetic ESRD are expectedly higher with increasing age in all racial groups, but
        generally stable or only slightly higher among younger individuals [63]. Statistically, non-whites are four times
        more likely to require dialysis. Compared with white patients, the prevalence of ESRD per
        million is 9.5 times greater in Native Hawaiians/Pacific Islanders, 3.7 times greater in
        African Americans, 1.5 times greater in American Indians/Alaska Natives, and 1.3 times
        greater in Asian Americans [63]. The cost of
        treating ESRD was $35.4 billion in 2016 [63].
The pathophysiology of chronic kidney disease is dependent on the underlying cause, the most common of which are the disease processes of diabetes and hypertension. Diabetic nephropathy has various proposed hypotheses for mechanisms of kidney damage, though it is most often and broadly attributed to hyperglycemic end-organ damage to the glomerulus, eventually to the point of proteinuria. Experts have suggested that there may be disadvantaged nephron development in those born to mothers with diabetes, predisposing the offspring to chronic kidney disease during their lives. Some also posit that hyperglycemia sensitizes end-organs to hypertensive damage, and because diabetes and hypertension often occur together, this has an additive deleterious effect on the kidney [64]. The initial manifestation is often albuminuria and hyperfiltration (i.e., an elevation in GFR) [65]. Over time, albuminuria increases to the point of overt nephropathy, accompanied by a decline in GFR. Hyperglycemia-mediated overactivation of protein kinase C is also thought to be involved in progressive renal parenchymal damage, resulting in the loss of selective permeability in the glomerulus and an increase in local inflammation [66]. In addition to glomerular damage, thickening of the basement membrane and afferent and efferent arterioles may be noted [66].
Hypertensive nephropathy is another common cause of chronic kidney disease and induces renal damage through a variety of mechanisms. One mechanism is sympathetic nervous overactivity resulting in constriction of efferent arterioles and decreased outflow from the glomerulus, allowing for increased oncotic pressure in the nephron. Activation of the RAAS may also occur as a response to sympathetic nerve activity. Arterial stiffness, a central component of hypertension, is a contributing mechanism as well. Impaired salt and water excretion from sympathetic nervous overactivity or from RAAS activation serves to increase hypertension and thereby increase renal damage.
Other underlying causes of the renal damage leading to chronic kidney disease are generally associated with unique mechanisms, including immune complex deposition and interstitial damage from prolonged use of nephrotoxic drugs. Acute kidney injury may also lead to chronic kidney disease if the initial insult has not been removed or if the initial injury has not been completely reversed. Even in cases of full recovery after acute kidney injury, the risk of developing chronic kidney disease is increased [67]. Renal ischemia-reperfusion injury may also cause lasting damage [68].
Many of the complications and comorbidities associated with chronic kidney disease stem from this initial damage and begin to manifest as renal damage progresses. Hypertension, a common comorbidity of chronic kidney disease, can cause renal damage as well as be exacerbated by it, as discussed. Anemia is a common complication of chronic kidney disease and is likely due to reduced renal production of erythropoietin, though other factors, such as uremia-induced inhibition of erythropoiesis, shortened erythrocyte survival, and disordered iron homeostasis, also play a role [69]. A study of patients with stage 3 chronic kidney disease determined that renal anemia is associated with rapid progression to stage 4 and a higher risk of cardiovascular disease and hospitalization [70].
Alterations in bone and mineral metabolism are commonly seen in patients with chronic kidney disease, starting in early-stage disease. Hypocalcemia is common in these patients, often leading to parathyroid hyperplasia and secondary hyperparathyroidism [71]. The hypocalcemia is likely attributable to phosphate retention, skeletal resistance to parathyroid hormone, altered vitamin D metabolism, or a combination of these factors [72]. In line with altered vitamin D metabolism, patients with chronic kidney disease also have defective intestinal calcium absorption. Hyperphosphatemia is also common, and the resultant elevation in the plasma calcium-phosphate product often leads to precipitation of calcium phosphate in soft tissues and to calcific changes in the walls of arterioles and small arteries [72]. These electrolyte derangements are largely attributable to intrarenal damage and hormonal abnormalities, both of which affect electrolyte excretion and reabsorption. Activation of fibroblast growth factor 23 (FGF-23) and parathyroid hormone is implicated in the regulation of phosphate reabsorption in the tubules. FGF-23 also inhibits vitamin D production and promotes catabolism of vitamin D stores [73].
Clinical Manifestations





Evidence Based Practice Recommendation

In adult patients with stages 1 through 4 chronic kidney disease, the
            Department of Veterans Affairs Guideline Panel recommends that blood pressure targets
            should be less than 140/90 mm Hg.
https://www.healthquality.va.gov/guidelines/CD/ckd/VADoDCKDCPG2014.pdf

             Last Accessed: August 14, 2020
Strength of Recommendation:
            Strong


The clinical presentation of chronic kidney disease is often subtle, and symptoms are
          uncommon with a GFR greater than about 35 mL/min/1.73 m2.
          Therefore, suspicion for mild renal disease should be based on recognition of the primary
          pathologic mechanism responsible for renal injury, particularly in patients with diabetes
          and/or hypertension. It is equally important to begin early screening for the
          complications of renal disease to prevent morbidity and to establish a credible baseline
          for the individual patient.
After the GFR falls to less than 35 mL/min/1.73 m2, a variety
          of metabolic, psychiatric, hematologic, cardiovascular, and acid-base regulatory problems
          occur. Clinical presentation at this point depends on the particular complication and the
          underlying cause of renal failure [44,53,54,55,75].

Therapeutic Measures





Evidence Based Practice Recommendation

The Department of Veterans Affairs Guideline Panel recommends
              against the use of combination renin-angiotensin-aldosterone system blockade (ACE
              inhibitor and ARB with or without a direct renin inhibitor) in patients with chronic
              kidney disease. 
https://www.healthquality.va.gov/guidelines/CD/ckd/VADoDCKDCPG2014.pdf

             Last Accessed: August 14, 2020.
Strength of Recommendation:
              Strong


The management of chronic kidney disease is multifaceted, involving a series of
          tactical measures (including the effective management of comorbidities) designed to reduce
          the risk of further damage and slow the progression of kidney disease. The clinician
          should first seek to identify and treat reversible causes, such as lower urinary tract
          obstruction, which should be considered in any patient with unexplained deterioration in
          renal function. Optimal glucose control in the patient with diabetes and blood pressure
          control in those with hypertension, as well as initiation of angiotensin-converting enzyme
          (ACE) inhibitor or angiotensin II receptor blocker (ARB) therapy, are important to limit
          progression [76,77]. Certain nephrotoxic agents should be
          avoided if at all possible, especially in the patient with diabetes or receiving loop
          diuretics. These include nonsteroidal anti-inflammatory drugs, aminoglycoside antibiotics,
          and radiographic contrast material. Additional measures to protect the kidney and slow
          progression include smoking cessation, statin therapy to control hyperlipidemia, dietary
          protein restriction, and satisfactory treatment of metabolic acidosis.
For cases of chronic kidney disease that do progress to late-stage kidney disease, it is
          also important to anticipate and prepare patients for renal replacement therapy [76]. Patients with a GFR less than 30
          mL/min/1.73 m2 should be referred to a nephrologist to make
          preparations for impending end-stage disease and renal replacement therapy [76]. It is well to keep in mind, however,
          that acute, intercurrent declines in GFR are often due to reversible factors such as
          volume depletion, radiographic contrast or nephrotoxic drug use, and urinary tract
          obstruction; efforts should be made to correct these in order to appropriately address
          declines in GFR and determine whether true progression of the disease has occurred [76].
An intensive and multifactorial management approach is
          required for patients with renal disease in order to address all risk determinants. The
          mainstays of treatment are management of complications and/or comorbidities, lifestyle
          modification, and dialysis for patients with severe or late-stage disease. Some patients
          may be candidates for kidney transplant, although the wait for a non-related donor can be
          long. Psychosocial issues and patient education (primarily to ensure compliance with the
          established treatment plan) are important as well.

Nursing Measures





Evidence Based Practice Recommendation

For adults with CKD without diabetes, not on dialysis, with estimated
            GFR less than 50 mL/min/1.73m2, the American Dietetic
            Association recommends a protein-controlled diet providing 0.6­–0.8 g dietary protein
            per kg of body weight per day.
https://www.andeal.org/topic.cfm?cat=3927

             Last Accessed: November 12, 2018
Level of Evidence: Expert
            Opinion/Consensus Statement


An essential component of renal disease management is diet modification and dietary referral is beneficial for optimum care. This is especially true in patients with underlying diabetes and in patients who are under- or overweight, as the dietary recommendations must be modified in these cases. The American Dietetic Association has established guidelines for renal failure diets, which are published in the Manual of Clinical Dietetics [78].
Although the medical management of chronic kidney disease may seem overwhelming to even veteran healthcare providers, it is often devastating to patients. Therefore, it is essential to provide adequate social and psychiatric support. Patients with ESRD (especially patients on hemodialysis) are known to suffer from high rates of depression, insomnia, and anxiety [79]. Often ignored, sexual dysfunction occurs at high rates in both male and female patients with ESRD [79]. The treatment of these and other psychiatric complications should begin before the onset of ESRD, when possible, and continue as long as necessary.


ACUTE KIDNEY INJURY



Acute kidney injury is primarily a disease of hospitalized patients and often is the result of pre-existing chronic kidney disease [63]. Acute kidney injury in the Medicare population has reached an annual average of approximately 4.7%, compared with 1.5% in 2005 [63]. Acute kidney injury rates are significantly associated with aging and with black/African American race [63]. The most common causes of acute kidney injury vary according to pathophysiology, but possible etiologies include trauma, dehydration/volume depletion, tubulointerstitial disease, glomerulonephritis, and obstruction [53,80].
Clinical Manifestations



The usual clinical presentation of acute kidney injury includes signs and symptoms of accumulation of nitrogen in the blood, such as fatigue, headache, anorexia, nausea, and vomiting. Potassium imbalances can result in tachycardia. Patients at highest risk for prerenal acute kidney injury have pre-existing chronic kidney disease, have recently undergone surgery, been exposed to radiocontrast dye, have received aminoglycoside antibiotics, or have developed sepsis [80]. Postrenal acute kidney injury is associated with flank or abdominal pain and possibly neurologic symptoms. Most patients with acute kidney injury have identifiable risk factors, such as chronic kidney disease, advanced age, liver disease, diabetes, or vascular disease [80]. Therefore, it is possible and essential to identify those at high risk before acute kidney injury develops in order to minimize damage.

Therapeutic Measures



Treatment of acute kidney injury is generally guided by the specific location and nature of the injury. Supportive care and patient comfort should be considerations for nurses.


NEUROGENIC BLADDER



A neurogenic bladder occurs in patients whose normal neural innervation of bladder contraction is interrupted. The result may be sensory disruption, motor disruption, or both. A neurogenic bladder may have a variety of causes. Diabetes-related autonomic neuropathy may result in a sensory deficit. Neurologic disease (e.g., multiple sclerosis, amyotrophic lateral sclerosis), spinal cord injury, or central nervous system malignancy may also result in a neurogenic bladder [81,82].
Clinical Manifestations



Patients with lower motor neuron neurogenic bladder have lost the perception of bladder fullness and do not experience a desire to urinate. As a result, overflow incontinence occurs when bladder capacity is exceeded. The distended bladder may be palpated and percussed. Patients with upper motor neuron neurogenic bladder experience spontaneous voiding when the bladder is stimulated. However, the bladder is hyperirritable, and voiding is not complete [84].
Patients with neurogenic bladder are more susceptible to the development of urinary tract infection as a result of ineffective bladder emptying and catheterization. In turn, repeated infections increase the risk for chronic renal failure. Urinary tract obstruction from struvite stones (a type of renal calculi) is more likely in patients with neurogenic bladder [84].

Therapeutic Measures



Parasympathomimetic agents (e.g., bethanechol chloride, neostigmine) may be prescribed for patients with a lower motor neuron neurogenic bladder to improve contraction of the detrusor muscle. For patients with upper motor neuron neurogenic bladder, parasympatholytics (e.g., propantheline bromide, methantheline bromide) may be indicated. Muscle relaxants (e.g., diazepam) may reduce skeletal muscle spasms. In addition to pharmacologic agents, voiding or catheterization programs may be prescribed [84].

Specific Nursing Measures



Emotional support and educational interventions are
          important nursing measures for patients with neurogenic bladder. Patients may be
          instructed to perform the Credé maneuver to promote bladder emptying. This consists of
          placing the palm of the hand on the lower part of the abdomen, over the bladder. The palm
          of the hand is flattened, gradually increasing pressure as the palm is rotated [28].
Intermittent self-catheterization may also be necessary. A clean (rather than aseptic) technique is adequate and should not result in an increased risk of urinary tract infection. Catheterization is generally required every four hours. Limiting fluid intake after 6 p.m. will help minimize problems with nocturnal incontinence or the need for awakening at night for self-catheterization [28].


INFECTIOUS DISORDERS



Renal and urinary infections are a common clinical problem and may occur anywhere in the urinary tract.
Cystitis



Cystitis, or inflammation of the urinary bladder, is usually the result of bacterial contamination; however, it may also be the result of fungal infection or fibrosis of the bladder wall. Bladder calculi, urinary diverticulum, or an indwelling urethral or suprapubic catheter will increase the likelihood of cystitis. Because of the relatively short female urethra and its proximity to the rectum and vagina, women are much more susceptible to cystitis than men. In healthy subjects, bacteriuria increases following sexual intercourse; however, this increase is transient [24,81,82].
Interstitial cystitis (also known as painful bladder syndrome) is a condition also characterized by painful bladder and urinary frequency and urgency. This is a chronic condition, and the diagnosis is one of exclusion; there are no effective diagnostic tests. The cause of the condition is not clear, but it not believed to be related to infection.
Clinical Manifestations
Cystitis is characterized by a burning discomfort upon urination. Frequency, urgency, nocturia, bladder spasms, or incontinence may also be present. The urine may be cloudy or cola-colored from the presence of white and/or red blood cells. Other symptoms may include fever, fatigue, and pelvic and abdominal discomfort. When cystitis is associated with urinary tract obstruction at the bladder neck, the patient may have symptoms of urinary obstruction and/or uremia [24,81,82].
Therapeutic Measures
If cystitis has resulted in obstruction or acute renal failure, the obstruction should be removed immediately. Failure to remove the obstruction and treat the infection can result in permanent renal damage [24,81,82]. Antibiotics effective in eradicating the bacteria causing the cystitis will be prescribed.
Patients with cystitis should have a liberal fluid intake of at least 3 L/day. Patients should be encouraged to void frequently, even if it is uncomfortable, to help flush contaminating micro-organisms. Surgery to remove obstructions is rare but may be indicated [24,81,82].
Specific Nursing Measures
Nursing interventions for the care of patients with cystitis are supportive and educational. Phenazopyridine may be taken for the first two to three days to lessen pain and bladder spasms. This drug colors the urine red or orange and may stain fabrics. Warm compresses or sitz baths may help patients achieve adequate relaxation for natural micturition. Urethral catheterization should be avoided whenever possible, because additional contamination may result [27,28,83].
Patients should receive education on the prevention of future infections. Moisture around the urethral meatus provides a medium for enhanced bacterial growth and increased the risk for an ascending urinary tract infection. Cotton underwear is less likely to trap moisture than synthetic fabrics. Acidification of the urine can inhibit bacterial growth and is achieved through drinking cranberry or prune juice. Conversely, urine may become alkaline through the ingestion of tomato, orange, grapefruit, or apple juices [27,28,83,85].

Pyelonephritis



Pyelonephritis is inflammation of the renal pelvis. Acute pyelonephritis is the result of bacterial invasion of the renal pelvis and medulla—usually an infection that has ascended from the lower urinary tract. A major cause of chronic pyelonephritis is believed to be ureterovesical reflux, in which infected urine ascends into the ureter and, consequently, the renal pelvis due to inadequate closure of the ureterovesical valve during voiding [24,81,82,86].
Acute Pyelonephritis
Patients with acute pyelonephritis generally present with fever, chills, nausea, and vomiting. Unilateral or bilateral severe pain or constant dull aching over the kidney in the flank area may be present. Urine of these patients will contain white blood cells [24,86].
Appropriate antibiotics should be administered, with follow-up cultures to ensure that the urine is sterile. Antispasmodics, rest, nutrition, and adequate fluid intake are necessary for the patient's condition to improve [84,86,87].
Chronic Pyelonephritis
Unless there is an acute episode, patients are generally unaware of chronic pyelonephritis. If symptoms are present, they are typically bladder irritability, chronic fatigue, or a slight aching over one or both kidneys. Eventually, patients will develop hypertension and the kidneys will atrophy [24,86].
In addition to antibiotics to treat the bacterial infection, agents that suppress new infections are generally prescribed. The major goal of medical management of chronic pyelonephritis is to prevent farther damage to the renal parenchyma. If ESRD develops, dialysis or transplantation will be necessary [84,86,87].

Renal Abscess



A renal abscess is an infection that develops within the
          kidney. Single or multiple sites of bacterial abscess may be present. Renal abscesses are
          most common in patients with a history of pyelonephritis, chronic obstruction, or
          calculous disease [84,86,87].
Clinical Manifestations
The patient usually has pain in the costovertebral angle, fever, and chills. Physical examination may reveal edema and a palpable mass.
Therapeutic Measures
Antibiotics should be given immediately. If the infection is associated with chronic pyelonephritis, a broad-spectrum antibiotic should be selected. If severe bacteremia develops, sepsis and shock may follow. Surgical drainage of the abscess may be necessary, and partial or complete nephrectomy may be required if significant renal deterioration has occurred [23,24].
Specific Nursing Measures
Patients with renal abscess are acutely and potentially critically ill. Administration of the prescribed antibiotics is a priority. Nursing interventions also include careful monitoring of vital signs, including temperature. Changes in level of consciousness and/or blood pressure may signify systemic infection. Measurement of intake, output, and daily weight should be part of the nursing care plan [27,28,83].


NEOPLASTIC DISORDERS



In general, nursing interventions for patients with kidney or urinary tract cancers include providing comfort; providing emotional support during the diagnostic, therapeutic, and convalescent periods; and educating the patient in self-care and decision making. Patients should also be regularly assessed for potential complications related to cancer or therapeutic interventions (e.g., infection, urinary tract obstruction, acute renal failure) [18,86,88].
Renal Cell Carcinoma



In 2020, 73,750 new cases of kidney cancer (45,520 in men and 28,230 in women) will be diagnosed [89]. Average age at diagnosis is 64 years; appearance in adults younger than 45 years of age is rare. Risk factors include smoking, hypertension, obesity, and hepatitis C. Because the malignancy frequently grows for months before detection, the tumor may be quite large at initial presentation. Metastasis is relatively common, and the most common sites are the liver, lungs, long bones, and other kidney [84,87,90].
Clinical Manifestations
When symptoms are present, gross hematuria is the most common manifestation of a renal cell carcinoma. Dull flank pain may be present, but this is generally a late symptom that develops as the tumor enlarges and presses upon adjacent structures. Occasionally, the patient may identify a mass in the flank region, but this is rare. Other manifestations may include nausea or vomiting, which result from the displacement of abdominal contents. Metastatic symptoms include weakness, weight loss, and bone pain [84,87,90].
Therapeutic Measures
Surgery is the primary treatment of renal cell carcinoma, and the surgical procedure of choice is a nephrectomy. In some cases, especially if the cancer has metastasized, immunotherapy and/or chemotherapy may be necessary.

Bladder Cancer



Bladder malignancies are the most common tumors of the genitourinary tract, with the exception of prostatic tumors. An estimated 81,400 new cases of bladder cancer (62,100 in men and 19,300 in women) will be diagnosed in 2020 [91]. Bladder tumors commonly involve the ureteral orifices or bladder neck. Metastases are common [84,87,90].
Considerable evidence shows that exposure to certain compounds is associated with an increased incidence of bladder cancer. For example, there is a well-established link between prolonged exposure to industrial compounds (e.g., aniline dyes) and development of bladder cancer. Tryptophan and the tars of tobacco smoking have been strongly linked with bladder cancer [84,87,90]. An estimated 50% of all cases of bladder cancer are found in smokers.
Clinical Manifestations
Painless hematuria is the primary clinical manifestation
          of bladder cancer. The hematuria is typically intermittent, so it may be ignored
          initially. Obstruction of the urinary tract may alter the outflow of urine, causing
          intermittent anuria/polyuria, a decrease in the force or volume of the urinary stream, and
          potentially bladder distention. Infection may cause symptoms of dysuria, such as burning,
          frequency, or urgency [84,87,90].
Therapeutic Measures
Treatment of nonmuscle-invasive bladder cancers is based on risk stratification. Essentially all patients are initially treated with a transurethral resection of the bladder tumor followed by a single immediate instillation of intravesical chemotherapy (usually mitomycin C) [92].
Standard treatment for patients with muscle-invasive bladder cancers whose goal is cure is either neoadjuvant multiagent cisplatin-based chemotherapy followed by radical cystectomy and urinary diversion or radiation therapy with concomitant chemotherapy [92].


NEPHROLITHIASIS AND UROLITHIASIS



Obstructive disorders of the kidneys and urinary tract are fairly common in adults. The most common nonmalignant obstructive disorders result from the formation of calculi or the effects of their obstruction or from hyperplasia of prostatic tissue (benign prostatic hyperplasia) [18,86,88].
Nephrolithiasis and urolithiasis refer to the presence of calculi (stones) in the urinary tract. Calculi in the urinary tract are a relatively common problem, especially for men, and they often occur within the same family, indicating a possible heritable factor. There is also a high incidence of recurrence, with as many as 40% of patients reporting a recurrence within two years. Renal calculi are extremely painful, and individuals are incapacitated during an acute episode. When associated with infection or obstruction, renal calculi may be life-threatening [18,86].
Most calculi originate in the renal parenchyma
        (nephrolithiasis) and are passed out into the ureters or bladder (urolithiasis). Calculi are
        usually composed of calcium salts (calcium oxalate or phosphate, uric acid, or struvite
        [magnesium ammonium phosphate]). A number of factors contribute to the formation of calculi,
        primarily the degree to which the urine is supersaturated with a normally excreted element,
        the pH of the urine, the presence of substances that inhibit the formation of crystals, the
        stasis of urine, and the pre-existing environment [18; 86].
Immobilization, primary hyperparathyroidism, hypervitaminosis D, renal tubular acidosis, and dietary excess of foods containing calcium or purine may result in hypercalciuria. Medications or supplements taken in excess, such as antacids or vitamin C, may also result in hypercalciuria or excess calcium oxalate. However, most cases of calculus formation are idiopathic [93,94,95].
With infection and the consumption of some foods/beverages, the urine may become slightly alkaline or acidic. Uric acid and cystine calculi will form in acidic urine; calcium phosphate calculi will dissolve in acidic urine; and calcium oxalate calculi are not influenced by the pH of the urine. Urea-splitting bacteria (e.g., Proteus, Xanthomonas, Pseudomonas, Klebsiella, Staphylococcus, Mycoplasma) convert urea to ammonia, and the alkaline urine contributes to the formation of struvite calculi. Calculus formation is enhanced when there is urinary tract scarring (either from infection or surgical procedures in the urinary tract) or when urinary stasis or urinary crystallization is present [93,94,95].
Clinical Manifestations
The primary clinical manifestation of nephrolithiasis/urolithiasis is pain, and its location may suggest the location of the calculus. In some situations, there may be no discomfort at all. However, if the calculus descends into the ureters, the patient may describe the pain as excruciatingly severe (i.e., 10+ on a 10-point scale). The ureteropelvic junction, the point at which the ureter crosses anterior to the iliac vessels, and the ureterovesical junction—the narrowest points in the ureters—are the sites at which calculi are most likely to become lodged. Severe intermittent pain results as the musculature of the ureters goes into spasm (colic) in an attempt to move the calculus out of the ureters by peristalsis. The pain of urethral colic may traverse along the route of the ureter and extend into the lower abdomen, the vulva, or the testes. Patients commonly experience nausea and vomiting. They may also report blood in the urine and, if infection is present, chills and fever [93,94,95].
Therapeutic Measures
Opioids are generally necessary to relieve pain associated with renal or urinary calculi. Antispasmodics may also be prescribed to relax the urethral musculature. If infection is present or if instrumentation is necessary to remove the calculus, antibiotics will be prescribed. Other agents may be prescribed to alter the urinary pH to create the desired environment (e.g., sodium acid phosphate, potassium acid phosphates, or ascorbic acid to promote the formation of acidic urine). Thiazide diuretics increase calcium reabsorption and thus may be prescribed for patients who form calcium calculi. However, these diuretics may cause hyperuricemia, so agents to manage excess uric acid (e.g., allopurinol) may also be necessary. For patients who require more alkaline urine, 50% sodium citrate may be prescribed [93,94,95].
Patients with a history of calculi should focus on producing high-volume, dilute urine. This may be achieved by consuming 4 L fluid (preferably water) per day. It is also important to void before bedtime and to awaken in the night to empty the bladder. When awakened, the patient should drink more water to ensure a constant dilution of urine [93,94,95].
Dietary modifications will depend on the content of the calculi. A low-calcium diet is only recommended for patients with active hypercalciuria. For patients who should limit calcium oxalate, foods to avoid include tea, cola, spinach, and citrus fruits.
Patients who are hyperuricosuric and form uric acid calculi may benefit from a diet low in purines. This means limiting intake of meat, fish, and poultry. Struvite calculi contain phosphates; therefore, a diet that limits phosphorus (from seafood, chicken, pork, nuts, dairy, and grains) may be indicated. Medications that alter urine composition are often more effective than dietary modification [25].
Patients with calculi too large to pass spontaneously may be candidates for extracorporeal shock wave lithotripsy. In this treatment, the patient is supported and suspended in lukewarm water or on a cushion or membrane. An extracorporeal shock wave lithotripter sends shock waves to the calculus, which shatters and is excreted within several days [93,94,95]. This procedure generally takes one hour and requires thousands of waves be sent.
In percutaneous nephrolithotomy, a small incision is made and a scope is introduced to visualize the calculus. The stone(s) can then be pulverized with ultrasound vibration and flushed.
In some cases, the calculus may be retained and additional treatment necessary. A variety of surgical procedures may be used to remove the calculus; the method selected depends somewhat on its location [93,94,95].
Specific Nursing Measures
Care of the patient with renal or urinary calculi is primarily focused on comfort and the prevention of infection. In addition to measuring intake and output carefully, urine should be strained through fine mesh in order to obtain a calculus or calculus fragment that may be analyzed to determine its chemical characteristics [27,28,83].
Initially, patients may require IV administration of morphine to obtain pain relief. Antibiotics should be administered as prescribed. A high fluid intake (3–4 L/day) is usually recommended for the remainder of the patient's lifetime [25,36,52].

TRAUMATIC DISORDERS



Direct or indirect injury to the organs of the urinary system can interrupt the structural integrity of the kidney(s), the ureter(s), and/or the bladder. A major interruption of vascular supply may occur concomitantly. Traumatic injuries are commonly classified as either penetrating or nonpenetrating (blunt) [93,94,95,96]. Abdominal gunshot or stab wounds are the most common sources of penetrating trauma. Automobile accidents, automobile-pedestrian accidents, motorcycle accidents, assault, and injuries from sporting events may result in blunt trauma [93,94,95,96].
Injuries to the renal system may significantly affect patients' overall health. Preservation of renal function is the primary goal. Loss of a single kidney from trauma may not be life-threatening, assuming the other kidney is functioning adequately, but it can have serious consequences. Patients who experience renal trauma are often victims of other abdominal trauma as well [93,94,95,96].
Obtaining a careful patient history is often the most important part of diagnosis. Gunshot or stab wounds are obvious, but the history may disclose less obvious traumatic events. Physical sports involving heavy direct contact, such as football or ice hockey, may result in injuries that did not seem significant at the time. A history of rib fractures, chest injuries, or abdominal injuries suggest the potential for renal trauma.
Physical assessment includes the collection of a urine specimen to determine the presence of blood. Flank pain or suprapubic tenderness may or may not be present. Alterations in urinary output and patterns of voiding are important [93,94,95,96].
Renal Trauma



Renal trauma is generally categorized as minor, major, or critical. Minor injuries include contusions, hematomas, and simple lacerations. Major injuries involve significant laceration of the renal parenchyma, loss of the renal parenchyma, and injury to a major branch of the areal artery. Critical injuries involve lacerations of the renal artery, renal vein, or renal pelvis. A transplanted kidney is not as well protected from injury, so abdominal injuries to transplant recipients may result in significant traumas. Other abdominal organ trauma should be explored in patients with known or suspected renal trauma [23,93,94,95,96].
Clinical Manifestations
Gross or microscopic hematuria, flank pain, and abdominal
          pain are the most common manifestations of renal trauma. A significant hematoma may
          develop in the retroperitoneal space. Blood clots that form and descend into the ureter
          may result in pain that mimics renal colic and obstruction from
          nephrolithiasis/urolithiasis [88].
Therapeutic Measures
Patients with renal trauma should undergo appropriate radiologic testing to evaluate the extent of traumatic injury; abdominal ultrasonography, CT scan, and renal arteriography are among the most useful tests. Significant hemorrhage occurs with renal pedicle injuries; therefore, blood, volume expanders, and fluid are administered parenteraly to support blood pressure and perfusion of vital organs. Surgical intervention is required to control hemorrhage, preserve renal function, and prevent death [88].
For nonpenetrating and minor renal injuries, a conservative approach is generally indicated, including bed rest, monitoring laboratory data (e.g., hemoglobin, hematocrit, serum creatinine, BUN), and evaluation of fluid balance. Minor bleeding ceases from the tamponade effect within the kidney capsule [88].
Penetrating injuries, in contrast, necessitate surgical exploration to ensure that bleeding is controlled and other tissue tears, especially intraperitoneal lacerations, are repaired. Nephrectomy, partial nephrectomy, and renal bench surgery with auto-transplantation may be required. Antibiotics are generally prescribed for any penetrating traumas. Perforating wounds often perforate the peritoneum and abdominal organs and cause a significant amount of pain [88]. Dosages of any medications prescribed should be adjusted for renal dysfunction, if necessary.
Specific Nursing Measures
Urine output and vital signs should be monitored. Patients should be assessed for hypovolemic shock that may occur secondary to hemorrhage or peritonitis. The administration of food, fluids, volume expanders, antibiotics, and education for pain relief is a primary nursing responsibility. If surgery is done to control hemorrhage or repair the kidney, preoperative and postoperative nursing care will be necessary [83].

Bladder Trauma



As with renal trauma, penetrating (e.g., gunshot, stab wounds) or nonpenetrating (e.g., automobile injuries, automobile-pedestrian accidents) injuries may result in bladder trauma. A full bladder is at increased risk to injury from perforation during a traumatic or compression injury. Keeping the bladder non-distended reduces the risk of injury from seat belt use—it should not be used as justification to avoid seat belts [88,96].
Clinical Manifestations
Manifestations of bladder injury include hematuria, difficulty with voiding, or absence of urine output. Suprapubic pain or tenderness is common, as is scrotal or perineal swelling from the extravasation of urine into these tissues [88,94,95,96].
Therapeutic Measures
The immediate recognition and treatment/repair of bladder rupture are vital to avoiding death. For bladder contusions, however, conservative treatment (e.g., rest, drainage via a Foley catheter) is indicated. Suspected bladder tears or lacerations require surgical exploration and potentially repair. Antibiotics are usually required with leakage of urine into the peritoneum or other tissues [88,94,95,96].
Specific Nursing Measures
Nurses should be vigilant of symptoms that may identify previously undetected bladder rupture; for example, persistent, unidentified fever may result from leakage of urine.
Intake and output should be monitored to ensure that fluid balance is achieved. Alterations in urinary output should be detected as soon as possible, so corrective measures may be initiated. Complications associated with stasis of pulmonary secretions or venous congestion in the extremities are possible but may be avoided with appropriate nursing measures. In addition, appropriate health teaching and emotional support should be provided [83].



9. DIALYSIS



There are two major types of dialysis currently in use in the United States: hemodialysis and peritoneal dialysis. Though generally used for patients with ESRD, it may also be a short-term option in the treatment of patients with acute kidney injury or in post-transplant patients with delayed graft function. It is estimated that nearly 460,000 patients are receiving hemodialysis in the United States, an increase of 80.2% since 2000 [63]. Despite this large number, dialysis is a relatively new therapy and has only been routinely provided for approximately 40 years [55].
HEMODIALYSIS



Planning for access should occur well before the need for dialysis, as proper access may take months to properly heal. Up to 80% of patients presenting for initial dialysis are dialyzed via temporary venous catheters due to a lack of established access [63].
Hemodialysis can be provided via three major different types of access: an AV fistula, an AV graft, or a temporary venous catheter. The National Kidney Foundation endorsed a goal for at least 65% of all patients on hemodialysis to have a working AV fistula by 2009, but this goal was not met [97]. As of 2017, reporting institutions dialyzed 62.8% of all patients on hemodialysis via AV fistulas [63].
AV fistulas are created surgically by attaching an artery directly to a vein. Generally
        placed in the forearm, AV fistulas may be categorized as radial-cephalic, brachial-cephalic,
        or brachial-basilic based on the vein and technique used [55,98]. Generally, the
        radial-cephalic, having a lower anatomical position in the forearm, is preferred for first
        access as it preserves the higher veins for later use. After anastomosis, the resultant
        increase in blood flow to the vein results in thickening of the venous wall, allowing it to
        withstand the numerous punctures required for hemodialysis [98]. AV fistulas generally require at least
        three months to fully mature. AV fistulas are recommended as the first form of access, and
        they should be promoted in all eligible patients who choose hemodialysis, as they improve
        outcomes and reduce costs compared with central venous catheters [99]. They also offer the best access for
        longevity and have the lowest association with morbidity and mortality [100]. However, multiple studies suggest that
        certain subgroups of patients (i.e., the elderly and those with limited life-expectancy) may
        benefit from alternative forms of access. A patient-centered, individualized approach to the
        choice of access may indicate the use of a method other than AV fistula [101,102].
AV fistulas are not without complications, and the overall
        patency rate is only 50% after five years [98]. Fistula failure can be classified as early (in the first three months) or late (after
        three months) [98]. Early failure is
        generally due to infection, stenosis, or obstruction (either of inflow or outflow). Late
        failure is generally due to either venous stenosis or arterial lesions, with venous stenosis
        being the most common cause of late AV fistula failure [55,98]. Steal syndrome is
        another possible complication of AV fistulas and results in too high of a diversion of blood
        flow from the extremity distal to the fistula. Patients with steal syndrome may present with
        signs and symptoms of decreased blood flow to the affected extremity, particularly in the
        digits of the hand. Treatment of this complication includes the takedown of the fistula or
        placement of coils in the fistula to decrease diversion. Patients deemed at risk for
        imminent limb or digit loss should be referred immediately to the emergency department for
        evaluation by a vascular surgeon.
Fistula patency can be assessed by palpation of "thrill" and auscultation of bruit. A palpable motion in the surface of the fistula and a bruit when a stethoscope is placed over the fistula should both be present. The bruit should be loudest at the arterial side of the fistula. Patients found to have nonpatent grafts should be referred immediately to interventional radiology, as patency can often be restored by the use of antithrombotics (e.g., tissue plasminogen activators) and/or balloon angioplasty. Unfortunately, the use of contrast medium is usually necessary in order to restore patency. In these cases, the patient should be dialyzed within 24 hours of receiving the contrast. If the patient is to receive dialysis immediately after angioplasty, catheters may be left in place so it is not necessary to recannulate immediately after the procedure. If the patient is to return the following day for dialysis, temporary catheters should be removed to prevent potentially deadly hemorrhage. At no point should any patient with ESRD receive gadolinium-based contrast dye due to the risk of nephrogenic systemic fibrosis. Postexposure dialysis does not decrease the risk of developing nephrogenic systemic fibrosis in at-risk patients.
AV grafts are generally considered to be inferior to AV fistulas and superior to temporary catheters, but fewer than half are patent after five years [103]. These grafts are often used for patients who lack veins large enough to create fistulas. The determination of need for graft placement versus fistula is accomplished via vein mapping and clinical evaluation.
AV graft formation is accomplished by implantation of a synthetic tube that connects a vein and an artery. Dialysis is then performed by cannulating the synthetic graft. Synthetic grafts have higher rates of infection and clotting and, as noted, generally fail sooner than fistulas [104].
Both AV fistulas and grafts should be cannulated only by trained practitioners. Repeated same-site cannulation can result in destruction of grafts, aneurisms, and/or infiltrates. Although not all of these complications are entirely preventable, trained inserters can minimize their occurrence.
Temporary catheters are the least preferred method of access for hemodialysis, but one of the most frequently used. However, according to data from the Centers for Medicare and Medicaid Services, catheter use in the United States declined slightly from approximately 28% in 2006 to 24% in 2007 [105]. Central venous catheters for dialysis (CVCDs) are generally tunneled catheters with two external access ports ("pigtails") and a tunneled lumen under the skin that extends into the vena cava; they may last up to one year. The introduction of advanced CVCDs has helped make temporary catheters a viable solution for patients with very poor vascular status. Patients often prefer the temporary catheters to other forms of access, as they do not involve the pain of subcutaneous cannulation and are often cosmetically more acceptable. Using a tunneled catheter helps reduce the risk of infection but does not eliminate it.

PERITONEAL DIALYSIS



The peritoneal catheter is the only option for peritoneal dialysis. The invention of the Tenckhoff catheter in 1968 helped reduce high rates of peritonitis associated with peritoneal dialysis. It is made of silicone rubber and Dacron cuffs and can be coiled or straight. Compared with coiled cuffs, straight cuffs have higher catheter survival and fewer complications [106]. Coiled catheter use has been associated with lower rates of failure due to outward migration of the catheter [107,108]. Most catheters in use today have two cuffs: one in the musculature of the abdominal wall and one in the subcutaneous tissue nearer the exit. Placement is generally performed operatively and can now be accomplished laparoscopically. Other methods, such as blind insertion via Tenckhoff trocar or guidewire, are available.
After insertion, approximately 7 inches of catheter extend beyond the surface. The catheter will usually have an external suture in place for the first two weeks after implantation. An external flow switch that is capped when not in use is present at the end of the catheter.

COMPLICATIONS SPECIFIC TO PATIENTS RECEIVING HEMODIALYSIS



Hemodialysis is a risk factor for a variety of complications, and patients must be closely monitored. Mortality rates for patients with ESRD are high in part due to uncontrolled complications associated with dialysis.
Patients on hemodialysis often experience hypotension during and after dialysis sessions. A fluid gain of 4 or more liters between sessions is not uncommon, and this same amount of fluid must then be removed over a four-hour dialysis session. Most of this fluid is situated in the extravascular space, and dialysis removes fluid only from the intravascular space. So, changes in osmotic pressure between the intravascular and extravascular must allow for fluid movement during dialysis. If the patient becomes acutely hypotensive, the dialysis may need to be interrupted and the patient placed in Trendelenburg (supine) position with elevated feet. Rarely, fluid replacement may be required.
Cramping is also common, especially at the end of the
        dialysis session after large amounts of fluid and electrolytes have been removed. Severe
        cramping may require administration of normal saline. For patients who are significantly
        bothered by cramping, hydromorphone (Dilaudid) 1–2 mg orally may be given one hour before
        the usual onset of cramping. Hydromorphone has the advantage of not being dialyzed out of
        the patient's system.


10. RENAL TRANSPLANTATION



Renal transplantation involves the surgical implantation of a kidney from either a living or
      deceased donor into the body of a patient with ESRD. Generally, candidates must have GFRs less
      than 20 mL/min/1.73 m2. Transplants are classified as living donor
      related, living donor unrelated, or deceased (cadaveric) donor. The first truly successful
      human kidney transplant was in 1954 by Dr. Joseph Murray at Brigham Hospital in Boston. This
      first transplant involved identical twins, as anti-rejection medications had yet to be
      discovered. In the 1960s, tissue typing and anti-rejection drugs made the use of deceased
      donor kidneys and non-twin living donors possible.
In 1980, more than 3,000 kidney transplants were being performed annually. By 2013, this figure had risen to more than 17,600 [109]. Fewer than one-third of transplanted kidneys were from living donors in 2013. From 2012 to 2013, there was a 3.1% increase in the cumulative number of recipients with a functioning kidney transplant [109].
The benefits of renal transplantation should not be underestimated. The survival of
      transplant patients is far higher than patients receiving dialysis. Some of this may be
      attributable to patient selection; healthier patients are selected for transplantation and
      terminally ill patients are rarely selected. Still, the statistics are impressive. At 80.5%,
      the five-year survival rate for transplant patients is signficantly greater than the rate for
      patients receiving dialysis (47.1%) [63].
      However, patient survival is not the same as donor graft survival. For the most recent years
      of data available, the probability of graft survival for living-donor transplants was 99%,
      92%, and 79%, for 1-, 5-, and 10-year periods post-transplant, respectively [109].
INDICATIONS AND CONTRAINDICATIONS



The indication for transplantation is ESRD, or a GFR of <15 mL/min/1.73
          m2
        [57]. In recent years, the process for
        selection of kidney transplant has liberalized, with larger numbers of elderly patients
        being accepted for transplantation. In 1991, 30% of kidney transplant recipients were older
        than 50 years of age; by 2016, this number had increased to more than 70% [63]. Transplant counts for recipients 65 years
        of age and older have been steadily increasing [63]. Guidelines for selection of patients for transplantation vary from
        program to program. Generally, metastatic disease or severe pulmonary or heart disease are
        exclusionary factors. Human immunodeficiency virus (HIV) is no longer considered an absolute
        contraindication, and studies have shown that patients with ESRD and HIV nephropathy have an
        increased life expectancy when treated with transplantation versus dialysis [110].

ALLOCATION OF DONATED KIDNEYS



Allocation of all transplants in the United States is managed by the United Network for Organ Sharing (UNOS). Kidney transplant guidelines place the highest considerations on histocompatibility and time spent on the transplant list [111]. Children suffering from ESRD will lose growth (and possibly other milestones) while on dialysis, so they are given priority. The median adult wait time for a cadaver kidney is four years [63].
One result of this method of allocation is a potential mismatch of grafts and patients. If a patient with a life expectancy of 10 to 20 years receives a kidney from a donor who is/was 20 years of age (with a potential for 50 to 60 years of function), the transplanted kidney will potentially be underutilized. Worse, if a patient with a 40- to 50-year life expectancy receives a kidney from an older donor, he or she will likely outlive the donated kidney. In fact, approximately 15% of all patients awaiting transplantation have already received at least one transplant [63].
To address these problems and others, in 2011, the UNOS released a concept document that proposes changes to the allocation system in order to more accurately match donors and recipients [112]. While this proposal has been met with some controversy, UNOS believes that it could actually increase the number of functioning years obtained from the current pool of donated kidneys. This gain would occur both from increased age matching as well as from eliminating the current designation of "expanded donor criteria" kidneys. These kidneys do not meet all donation criteria, either due to existing disease in the graft or risk factors of the donor. An estimated 12% of all donated kidneys are not used because they are classified as expanded donor criteria kidneys, meaning they have an increased potential for rejection [112]. However, an elderly recipient may be better off receiving a kidney with only 10 to 15 years of expected graft survival, as they are unlikely to live long without a transplant.

SURGICAL TRANSPLANTATION



Transplanted kidneys are generally placed in the extraperitoneal space in the right iliac fossa. Pediatric patients can have their grafts placed in the intraperitoneal space. The major consideration for placement of the graft is surgical access to the renal arteries, renal veins, and the ureter. Failed kidneys are rarely removed unless infection or carcinoma is present. The donor's renal artery is usually anastomosed to the recipient internal iliac artery, and the donor renal vein is connected to the recipient external iliac vein. Lastly, the donor ureter is attached to the recipient bladder.

POSTOPERATIVE CARE OF THE KIDNEY TRANSPLANT PATIENT





Evidence Based Practice Recommendation

For patients experiencing acute rejection of a transplanted kidney, the
          National Kidney Foundation recommends biopsy first, unless the biopsy will substantially
          delay treatment.
https://kdigo.org/wp-content/uploads/

             Last Accessed: August 14, 2020
Strength of Recommendation/Level of Evidence:
          1C (Recommended based on low quality of evidence)


Immediate postoperative care of the patient post-transplant
        involves all the usual issues involved in major surgery (e.g., bleeding, pain management,
        bowel function, infection, postoperative cardiac or pulmonary complications) as well as
        issues specific to kidney transplantation. These issues include graft function, acute
        rejection, urine leakage from the ureter anastomoses, and complications from
        immunosuppression. Acute rejection is not nearly the problem it was prior to the development
        of tacrolimus and cyclosporine, although chronic rejection remains a problem in long-term
        graft survival.
After transplantation, the graft may function immediately, have delayed graft function, or have complete non-function. Delayed graft function is a common problem in transplants, affecting up to 23% of cadaver transplants and 6% of living transplants [113]. The delay may last from days to weeks and may require temporary dialysis. Complete non-function by definition does not resolve and requires a return to dialysis.


11. END-OF-LIFE CARE



An end-of-life discussion is recommended in the presence of
      stage 4 or 5 chronic kidney disease or ESRD [114,115,116]. Hospice is generally approved when patients
      with ESRD are not candidates for dialysis, have a creatinine clearance less than 15 mL/minute,
      and/or have a serum creatinine level greater than 8 mg/dL (or 6 mg/dL in patients with
      diabetes) [117]. Guidelines from the Renal
      Physicians Association note that prognosis should be fully discussed with all patients who
      have stage 4 or 5 disease or ESRD [115].
      Clinicians should carefully prepare for the discussion of prognosis by reviewing the patient's
      medical record and talking to other healthcare professionals involved in the care of the
      patient [118]. Because there is variation
      among patients with regard to their desire for information, clinicians should follow the
      "ask-tell-ask" approach: ask the patient if he or she is willing to discuss prognosis; if yes,
      discuss the prognosis and then ask the patient to confirm his or her understanding [114,119]. When discussing prognosis, quantitative estimates are more understandable
      for patients and family than qualitative ones (e.g., "poor"), and general timeframes for
      survival should be given [114,119,120,121]. In addition,
      clinicians should emphasize that prognosis is determined by looking at large groups of
      patients and that it is harder to predict survival for an individual [114,115]. The discussion of prognosis is often not documented in the patient's
      record, but it should be [118].
Clinical guidelines have begun to address the use of aggressive treatment at the end of life. The Renal Physicians Association recommends forgoing dialysis for patients with chronic kidney disease or ESRD who have "very poor prognosis" [115]. Early discussion of preferences for life-sustaining measures is especially important. Nearly three-quarters of people will be unable to participate in some or all of the decisions about their care at the end of life [122]. Documentation of preferences helps inform decision making by the physician and the patient's healthcare proxy (surrogate decision maker). Clinicians should encourage their patients to designate a healthcare proxy early in the course of a life-limiting disease [74,114,123]. Patients should be urged to clarify their wishes with their chosen proxy, as a proxy often inaccurately predicts a patient's wishes or may have values that conflict with those of the patient [122].

12. CONCLUSION



With knowledge of renal structure and function and the dynamic pathology that intrudes and impedes normal function, nurses can readily provide quality and often life-saving care. The awareness of the pathophysiology underlying symptoms leads to quicker reporting and optimal patient care. Nurses can also perform immediate interventions based on standing orders and the recognition of what needs to be done in order to provide safe, quality care. This knowledge changes what could be only technical care to professional care through use of decision-making skills built upon the knowledge of pathophysiology.

13. CASE STUDIES



ACUTE GLOMERULONEPHRITIS



Patient A, a man 27 years of age, presents to an outpatient clinic complaining of two days of facial and hand swelling. He first noticed swelling around his eyes, along with difficulty putting on his wedding ring because of swollen fingers. Around the same time, he began to notice that his urine appeared reddish-brown. He reports having less urine output over the past several days. He has no significant medical history. His only medication is ibuprofen, which he took more than one week ago for fever and sore throat that have since resolved. On examination, he is afebrile, with a heart rate of 85 beats per minute and a blood pressure of 172/110 mm Hg. Patient A has periorbital edema; his funduscopic examination is normal, without arteriovenous nicking or papilledema. His chest is clear to auscultation. His heart rhythm is regular, with a nondisplaced point of maximal impulse, and he has no abdominal masses or bruits. The patient also has edema of his feet, hands, and face. A dipstick urinalysis in the clinic shows specific gravity of 1.025 with 3+ blood and 2+ protein, but is otherwise negative. A fresh-spun urine specimen is positive for red blood cell casts.
The physician diagnoses acute (likely poststreptococcal) glomerulonephritis. This condition is most likely to affect children with a history of upper respiratory infection or a history of strep throat one to three weeks earlier, although adults may also be affected. Patients present with edema, hypervolemia, hypertension, hematuria, and oliguria. Red blood cell casts on urinalysis verify the diagnosis. Systemic lupus erythematosus is another possible cause, but this patient has no signs or symptoms indicating this etiology.
Treatment of poststreptococcal glomerulonephritis focuses on managing hypertension and edema. Patient A is placed on a low-salt diet and liquid intake is restricted. If the edema was more severe, loop diuretics would be prescribed. However, the edema begins to resolve and his blood pressure begins to lower with conservative management. Additionally, Patient A is prescribed oral penicillin G at a dosage of 250 mg four times per day for 7 to 10 days to eradicate the nephritogenic strain. The patient is instructed to rest and avoid vigorous physical activity for a day or two.

HEMATURIA



Patient B, a man 40 years of age with no past medical history, presents to the clinic to establish care. He reports that he had a prior urinalysis that revealed blood as an incidental finding. The urinalysis was done as a standard screening test by his former employer. He denies ever seeing any blood in his urine and denies any voiding difficulties, dysuria, sexual dysfunction, or any history or risk factors for sexually transmitted infections. His review of systems is otherwise negative. He reports having smoked a half-pack of cigarettes per day for the past 10 years and jogging 15 minutes and light weight training daily. On examination, his vital signs are normal, and the entire physical examination is unremarkable. A complete blood count and a chemistry panel (electrolytes, blood urea nitrogen, and creatinine) are normal. The results of a urinalysis are:
	Specific gravity: 1.015
	pH: 5.5
	Leukocyte esterase: Negative
	Nitrites: Negative
	White blood cell count: 0
	Red blood cell count: 4–5 per high-power field


The likely diagnosis is determined to be asymptomatic microscopic hematuria. Repeat urinalysis is ordered to assess for risk factors. A urine culture is necessary to rule out infection. Imaging studies are also ordered. The primary concern is to rule out malignancy, including renal cell carcinoma and transitional cell carcinoma. The nurse counsels Patient B on the importance of an appropriate work-up, but reassures him that the prevalence of renal cancers is low. Because the patient is a smoker, bladder cancer should be ruled out (or identified) as soon as possible.

NEPHROTIC SYNDROME



Patient C, a Hispanic woman 48 years of age, presents to a medical office complaining of persistent swelling of her feet and ankles, to the degree that she cannot put on her shoes. She first noted mild ankle swelling approximately two to three months previously. She borrowed some diuretic pills from a friend, and the pills seemed to help, but now she has run out. She also reports that she has gained 20 pounds over the last few months, despite regular exercise and trying to adhere to a healthy diet. Her medical history is significant for type 2 diabetes, for which she takes a sulfonylurea agent. She neither sees a physician regularly nor monitors her blood glucose at home. She denies dysuria, urinary frequency, or urgency, but she does report that her urine has appeared foamy. She has had no fever, joint pain, skin rashes, or gastrointestinal symptoms.
Her physical examination is significant for mild periorbital edema, multiple hard exudates, and dot hemorrhages on funduscopic examination. She also has pitting edema of her hands, feet, and legs. Her heart rhythm is regular without murmurs, and her abdominal examination is benign. She has diminished sensation to light touch in her feet and legs to mid-calf. A urine dipstick performed in the office shows 2+ glucose, 3+ protein, and negative leukocyte esterase, nitrates, and blood.
The presumed diagnosis is nephrotic syndrome secondary to diabetic nephropathy. A 24-hour urine collection is taken to measure proteinuria and to verify the diagnosis. Usual causes in adults include diabetes, hepatitis B, amyloidosis, lupus erythematosus, and drugs such as penicillamine and captopril.
Maintenance of glycosylated hemoglobin (HbA1c) to 7.0% or lower is recommended, and
        Patient C is started on diabetes care (with regular follow-up and screening). To address the
        nephrotic syndrome, an ACE inhibitor is prescribed to control her blood pressure. In order
        to meet her blood pressure targets more quickly, a diuretic is also prescribed. Patient C is
        instructed to limit her intake of fluids and protein (to less than 2 g/day). She is asked to
        return in several weeks for additional screening and to call if the edema does not
        resolve.

URINARY TRACT INFECTION-ASSOCIATED SEPSIS



The emergency resident calls up a new admission, describing a female patient, 84 years of age. Patient D was brought to the emergency department by ambulance from her long-term care facility for increased confusion, combativeness, and fever. Her medical history is significant for Alzheimer disease and well-controlled hypertension; otherwise, she has been healthy. The resident states that the patient is "confused" and combative with staff, which, per her family, is not her baseline mental status. Her temperature is 100° F, heart rate is 130 beats per minute, blood pressure 76/32 mm Hg, respiratory rate 24 breaths per minute, and oxygen saturation 95% on room air. On examination, Patient D is lethargic but agitated when disturbed. Her neck veins are flat, her lung fields are clear, and her heart rhythm is tachycardia but regular, with no murmur or gallops. Abdominal examination is unremarkable, and her extremities are warm and pink.
After administration of 2 L of normal saline over 30 minutes, her blood pressure is 95/58 mm Hg. The initial laboratory work indicates a white blood cell count of 14,000/mm3, with 67% neutrophils, 3% bands, and 24% lymphocytes. No other abnormalities are noted. Chest x-ray obtained in the emergency department is normal. Urinalysis of a catheterized sample shows 2+ leukocyte esterase, negatives nitrite, and trace blood. Microscopy shows 20–50 white blood cells per high-power field, 0 to 3 red blood cells, and many bacteria.
Patient D is diagnosed with urinary tract infection that has progressed to sepsis and
        possibly shock. She has several risk factors that predispose her to urinary tract infection,
        including older age, female sex, cognitive dysfunction, and fecal incontinence. Blood
        pressure support is continued, with IV fluids or vasopressors as necessary. Broad-spectrum
        antibiotics are started immediately. As the infection clears, the patient's combativeness
        resolves as well.

ACUTE RENAL FAILURE



Patient E is a man, 42 years of age, who has driven to the mountains to hunt. While
        tramping through thick woods, a stray bullet (perhaps from another hunter) hits Patient E's
        thigh, tearing into muscles and blood vessels. He is thrown to the ground and temporarily
        loses consciousness. When he awakens a few minutes later, his leg is bleeding profusely. He
        yells for help, but there is no reply.
The patient slows the bleeding somewhat by tying his shirt around his leg and manages, with great effort, to get to a rural roadside where he again loses consciousness. A driver finds him a few hours later, pulls him into his car, and takes him to the hospital.
When he arrives, Patient E is immediately treated for shock that resulted from extensive blood loss. He is taken to surgery, and his leg is repaired. Although the patient's blood pressure increases and his pulse rate decreases with appropriate fluid replacement and cessation of blood loss, his urine output remains low.
Two days after admission, Patient E's total urine output has been 320 mL, with an average specific gravity of 1.013. His blood pressure is 150/95 mm Hg (an increase from his previous average of 125/80 mm Hg). His pulse is 90 beats per minute, and his respirations are 18 breaths per minute. He is complaining of nausea, which seems unrelated to the administration of his pain medication. Significant blood tests reveal a BUN of 48 mg/dL and elevations in serum creatinine and potassium. Urinalysis results are consistent with renal failure findings. A diagnosis of acute renal failure secondary to prolonged hypovolemic shock is made. Patient E's physicians administer trial doses of mannitol and furosemide (Lasix) in an effort to produce diuresis. Because no increase in urine results from this therapy, further diuretics are not employed. However, his physicians hope to manage him conservatively and avoid dialysis, if possible.

POLYCYSTIC KIDNEY DISEASE



Patient F is a white woman, 35 years of age, with a history of frequent urinary tract infections who now presents with gross hematuria. On physical exam, she is thin with a palpably enlarged right kidney. On questioning, she states that her mother had some sort of "cyst disease" of the kidney. She further states that her mother died of a heart attack several years ago, at 62 years of age. A renal ultrasound reveals numerous large, fluid-filled cysts on the right kidney and several cysts on the left kidney. Further imaging also reveals a fluid-filled cyst visible on the liver. A consultation with nephrology and a geneticist results in a diagnosis of autosomal dominant polycystic kidney disease (ADPKD).
ADPKD is the fourth leading cause and the leading genetic cause of ESRD, and the most common life-threatening hereditary disease in the United States. ADPKD occurs in approximately one of every 1,000 live births. Children of affected individuals have a 50% chance of inheriting the disorder.
Patients with ADPKD can present with flank pain, hematuria, and/or palpable kidneys. Individuals with a family history are considered to have ADPKD if ultrasound reveals two unilateral or bilateral cysts in patients 15 to 30 years of age, two or more cysts in each kidney for patients 30 to 59 years of age, or four or more cysts in each kidney in patients older than 60 years of age. For patients with no known genetic risks (either from family history or genetic testing), the diagnostic criteria are three or more unilateral or bilateral cysts in patients 15 to 39 years of age or two or more cysts in each kidney for patients 30 to 59 years of age.
While the predominant clinical feature of ADPKD is renal disease (50% of affected patients have ESRD by 60 years of age), extrarenal manifestations are also common, which suggests that the disease may involve a generalized collagen disorder. As well as liver and pancreatic cysts, patients have an increased risk of cerebral hemorrhage due to intracranial aneurysms, cardiac valve abnormalities, aortic root dilation, and abdominal hernias.


14. RESOURCES




        American Association of Kidney Patients
      

        https://aakp.org
      


        American Kidney Fund
      

        https://www.kidneyfund.org
      


        American Society of Nephrology
      

        https://www.asn-online.org
      


        Dialysis Patient Citizens
      

        https://www.dialysispatients.org
      


        International Society for Hemodialysis
      

        http://www.ishd.org
      


        Kidney and Urology Foundation of America, Inc.
      

        http://www.kidneyurology.org
      


        National Kidney Foundation
      

        https://www.kidney.org
      


        National Kidney Foundation Disease Outcomes Quality
          Initiative
      

        https://www.kidney.org/professionals/guidelines
      


        Renal Support Network
      

        https://www.rsnhope.org
      


        United Network for Organ Sharing
      

        https://unos.org
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