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        habits cannot be explained by identifiable structural or biochemical abnormalities.
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        empower healthcare providers to optimize treatment of their patients with IBS.
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Course Overview



Irritable bowel syndrome (IBS) is common in the general population and has a significant
        medical and socioeconomic impact. IBS has long been viewed as a functional gastrointestinal
        (GI) disorder, which means the symptom complex of chronic abdominal pain and altered bowel
        habits cannot be explained by identifiable structural or biochemical abnormalities.
        Education on the recent breakthroughs in etiology, pathophysiology, and treatment will
        empower healthcare providers to optimize treatment of their patients with IBS.

Audience



This course is designed for physicians, physician assistants, nurses, and other healthcare providers who may improve the identification and care of patients with irritable bowel syndrome.

Course Objective



The purpose of this course is to provide primary care physicians and nurses a review of irritable bowel syndrome, emphasizing pathophysiology, clinical assessment, and principles of care that take into account the biopsychosocial features of this common disorder. The goal is to improve clinical recognition and treatment and to promote management strategies that lead to better patient outcomes. 

Learning Objectives



Upon completion of this course, you should be able to:
	Describe the incidence and prevalence of irritable bowel syndrome (IBS).
	Identify conditions that are commonly comorbid with IBS.
	Outline the natural history and disease burden of IBS.
	Review the pathogenesis and pathophysiology of IBS.
	Discuss risk factors for the development of IBS and underlying etiology.
	Describe the assessment of patients with suspected IBS, including presenting signs and symptoms, testing, and clinical diagnostic criteria.
	Identify conditions that should be included in the differential diagnosis of IBS.
	Discuss the role of laboratory studies and alarm features in reaching a diagnosis of IBS.
	Evaluate the role of nonpharmacologic therapies for the treatment of IBS.
	Compare and contrast available pharmaco- therapies for the treatment of the various IBS subtypes.



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.
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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.
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        learners.


1. INTRODUCTION



Until recently, irritable bowel syndrome (IBS) was considered a diagnosis of exclusion. The pathophysiology was poorly understood, patient outcomes were usually unsatisfactory, and clinicians considered IBS difficult and frustrating to manage [1]. The conceptual and empirical framework to inform the clinical care of patients with IBS took a large step forward in 2016, when the Rome Foundation published the Rome IV diagnostic criteria for IBS. These criteria incorporate the many scientific and clinical advances made since the release of the previous version (Rome III) in 2006. This was part of a larger project to overhaul and update scientific advances and clinical guidance to optimize the diagnosis and treatment of functional gastrointestinal (GI) disorders [2]. In addition, 18 review papers that detail the latest understanding of functional GI disorders were published by members of the Rome Foundation in 2016.
IBS is characterized by recurrent abdominal pain associated with disordered bowel habits (constipation, diarrhea, or a mix of constipation and diarrhea); abdominal bloating/distention is typically present. The symptoms must not have a definable organic, metabolic, or drug-induced basis [3]. IBS and other functional GI disorders are now understood as disorders of the gut-brain axis that arise through complex, bidirectional interactions of biopsychosocial factors.

2. EPIDEMIOLOGY



INCIDENCE AND PREVALENCE



IBS often has an insidious onset with intermittent exacerbation of symptoms so nonspecific and familiar that patients frequently feel no need to seek medical attention. Thus, there usually is a significant lag period between onset, first physician visit, and the eventual IBS diagnosis, which renders the true incidence and prevalence of IBS difficult to establish [4]. However, some prevalence estimates are available.
General Population



The lifetime prevalence of IBS in adult North American and
          European populations is 10% to 20%, but only 5% to 7% have been diagnosed. IBS shows
          highest prevalence in South America (21%) and lowest prevalence in Southeast Asia (7%)
            [5,6].

Clinical Populations



IBS is the most frequently diagnosed GI condition,
          accounting for 41% of patients with functional GI disorders [5,6,7]. Among clinical
          populations, IBS accounts for 12% of all patients seen in primary care and 28% in
          gastroenterology clinics [7]. In the
          United States, patients with IBS are evenly distributed among three common presenting
          clinical patterns: IBS with diarrhea (IBS-D), IBS with constipation (IBS-C), and mixed IBS
          (IBS-M); in Europe, most patients reportedly have either IBS-C or IBS-M [5,6].
Of all persons with IBS symptoms, only a subset seek
          primary care medical attention, estimated at 10% to 70% in European countries and around
          30% in the United States. In a 2017 online survey of 1,924 participants with a history of
          gastrointestinal symptoms, 43% of individuals who met the criteria for IBS-D had not
          received a formal diagnosis of the disorder [9]. Patients with IBS-D tend to seek medical attention at higher rates
          than those with IBS-C or IBS-M. Those seeking medical care report greater levels of pain
          and anxiety and greater impact on quality of life. In contrast, GI symptom severity does
          not differ greatly between the two groups [4,8,10].

Sex



The global prevalence of IBS is 14% in women and 8.9% in men, meaning the rate is 67% greater in women than men. This difference in reported sex-specific prevalence may be influenced in part by stigma associated with the diagnosis or by differing attitudes and behaviors that influence the decision to seek medical care rather than merely a variation in susceptibility and severity of underlying pathology [4,11]. Alternatively, female sex hormone physiology may alter regulatory mechanisms of the brain-gut axis more easily and thus promote IBS pathophysiology [12].
In the United States, Canada, and Israel, IBS symptoms are 1.5 to 2 times more prevalent in women than men, while the female/male distribution is closer to even in Asia. Abdominal pain and constipation are more common symptom complaints in women, with diarrhea more common in men [5,11].

Age



A meta-analysis of 81 epidemiologic studies found that IBS prevalence decreases with age. The prevalence rate in patients younger than 40 years of age is 11.0%, with decreased rates in each subsequent decade (9.6% for persons in their 40s, 7.8% for persons in their 50s, and 7.3% for persons in their 60s). The lowest IBS prevalence rates are among persons 50 years of age and older [13,14].

Challenges to Obtaining Accurate IBS Epidemiology Data



Prevalence estimates for IBS are impacted by stigma associated with seeking health care for IBS symptoms or receiving a functional GI disorder diagnosis. Lower reported prevalence is likely in areas where greater stigma is perceived or where symptoms are so common as to be viewed as variations of normal. For example, diarrhea (from all causes) is common in Mexico and may not be viewed as an illness that requires healthcare contact [15]. The reported prevalence of IBS is likely to be higher in communities with higher perceived stress, lower perceived quality of life, greater potential gain from receiving a diagnosis, or fewer barriers to health care access [4,16,17].
The absence of a criterion-standard case definition or standardized diagnostic criteria over time has created difficulty in defining IBS cases for epidemiologic studies. Widely used ancillary data in other disorders are limited in IBS. Relatively few patients are hospitalized for IBS or diagnosed during admission, and IBS is not a cause of death that would show on death certificates [4]. Prescription data are only recently relevant as more medications have received U.S. Food and Drug Administration (FDA) approval for IBS.


COMMON COMORBID CONDITIONS



IBS is associated with numerous comorbidities. Most cluster into functional somatic syndromes (e.g., fibromyalgia, chronic fatigue syndrome, chronic pelvic pain), other GI disorders (e.g., gastroesophageal reflux disease, dyspepsia), and psychiatric disorders (e.g., major depression, anxiety, somatization). These syndromes overlap on multiple dimensions [5,18].
Panic disorder is highly comorbid with IBS, and the
        prevalence of IBS symptom characteristics in patients with panic disorder is 25% to 44%
          [12]. A strong association is also found
        between IBS and generalized anxiety disorder, and patients with comorbid IBS and generalized
        anxiety disorder have greater functional impairment and depressive symptoms. Post-traumatic
        stress disorder (PTSD) is also prevalent, and as many as 36% of patients with IBS meet the
        criteria for lifetime diagnosis for PTSD. Major depressive disorder is the most frequent
        psychiatric comorbidity in IBS. Patients with major depressive disorder showed a 27% to 47%
        prevalence of IBS, although patients with major depressive disorder in remission did not
        differ from healthy controls in terms of IBS symptoms [12].
IBS severity and abdominal pain intensity vary directly with the degree of anxiety and depression [19]. Significantly greater levels of anxiety have been found in patients with IBS-D than in patients with IBS-C or IBS-M; patients with IBS-D also show significantly greater incidence of depression [18].
A higher percentage of patients with IBS and anxiety or depression had extra-intestinal physical symptoms than patients without anxiety (44.8% versus 16.8%, respectively) or depression (57.0% versus 21.5%, respectively) [20,21].
Patients with IBS are much more likely to have psychiatric conditions than persons without IBS. Many patients with IBS receive anxiolytics and antidepressants, and one study found that 62% of patients had received these agents prior to being diagnosed with IBS. A greater percentage of patients with severe IBS have at least one psychiatric disorder compared with patients with mild or moderate IBS (94.4% versus 35.7% and 76.1%, respectively) [21,22,23].
IBS, fibromyalgia, chronic fatigue syndrome, temporomandibular joint (TMJ) disorder, and vulvodynia syndrome are characterized by distressing symptoms of pain and fatigue in the absence of clinically obvious pathology. These conditions have been termed "central sensitivity syndromes." Neuroimaging studies using evoked sensory paradigms have revealed a common sensory augmentation to both painful and nonpainful stimulation, a transformative observation for these syndromes historically considered entirely hysterical or feigned in origin. Whether amplified pain is causal to these syndromes, a predisposing factor, an endophenotype, or an epiphenomenon cannot be discerned without additional research [24].
Roughly 50% of all patients with IBS also experience fibromyalgia, chronic fatigue syndrome, chronic back pain, chronic pelvic pain, chronic headache, or TMJ dysfunction. Symptoms of these functional somatic syndromes considerably overlap with IBS and with each other, and functional somatic syndromes occur almost twice as often in patients with IBS than in the general population [25,26]. In a survey of patients with IBS, 69% reported fatigue, 48% experienced sleep problems, and 37% complained of recurrent or chronic back pain [20,27]. Low back pain was found to be more common in patients with IBS-C than IBS-D [21].
The symptoms of IBS are more severe in patients with somatic comorbidities than in those with IBS alone. More than 50% of patients with IBS also have depression or anxiety and, as a group experience more severe somatic symptoms than patients without these psychiatric conditions [4,28,29]. Many physical symptoms affect the overall well-being of patients with IBS (including psychologic health) and should not be overlooked or marginalized [21].
At the time of IBS diagnosis, the likelihood of an organic lesion being found on colonoscopy in patients lacking alarm symptoms is no higher than in healthy controls, and even most patients with alarm symptoms have no organic pathology [4,30]. In contrast to endoscopy findings at diagnosis, the subsequent risk of developing inflammatory bowel disease was found to be 9 to 16 times greater in patients diagnosed with IBS than the general population, with an average two- to three-year interval between onset of IBS and the inflammatory bowel disease diagnosis. These data implicate some overlap in pathogenesis for IBS and inflammatory bowel disease [31].
Colorectal cancer incidence is around 1% in the first year of IBS diagnosis. While initially higher than in the general population, the incidence of colorectal cancer among patients with IBS returns to population levels after one year [4,32].

NATURAL HISTORY



Symptom Patterns



For most patients with IBS, the symptoms of IBS are
          intermittent and over time show considerable fluctuation in frequency and duration. In the
          first three months after diagnosis, patients experience an average of four distinct
          symptom episodes per month, with the longest episode averaging five days, and most
          patients experience symptoms more than 50% of the days. One year after initial diagnosis,
          30% to 45% of patients report they now have prolonged symptom-free periods. In the second
          year of follow-up, some patients experience symptom resolution, while others develop new
          symptoms and rate of symptomatic IBS episodes remains stable. After 10 years, 50% to 70%
          of patients report persistent symptoms [33,34,35].
Long-term follow-up data from clinical IBS populations indicate that 2% to 18% of patients worsened, 30% to 50% remained unchanged, and 12% to 38% improved over time. Poor outcomes were associated with previous surgery, longer disease duration, higher somatic scores, and higher baseline levels of anxiety or depression [5,36].
Up to 67% of patients with IBS experience functional dyspepsia. Among patients who report IBS symptom resolution, 45% subsequently develop other functional GI disorders [25,37,38]. Even if all GI symptoms resolve, many patients with IBS develop symptoms of other functional disorders. Patients with lower quality of life and higher levels of anxiety are most susceptible to comorbid functional disorders. Converging evidence suggests IBS is one expression of an underlying predisposition for functional disease [4,25,39,40,41].
Patients may also experience migration between predominant symptoms and IBS subtypes over time. Most commonly, IBS-C or IBS-D switches to IBS-M; switching between IBS-C and IBS-D is less common. A possible confounding factor in natural history studies of IBS is the effect of treatment, which can result in difficulty discerning symptom variation due to medical intervention versus true natural history [5,42].
With the passage of time, overlapping symptoms and adjustments in the prevailing diagnostic subtype within a given patient are very common. In one study of 432 primary care patients with IBS-C or functional constipation followed over 12 months, roughly 33% had a change in dominant diagnosis from functional constipation to IBS-C or from IBS-C to functional constipation [43,44]. In female patients with IBS initially classified as constipation, diarrhea, or mixed subtypes, roughly 25% had the same subtype at 12-month follow-up, while 75% made at least one transition into another subtype [45].
Evidence of lower IBS prevalence in older age groups suggests symptom resolution over time, which is contradicted by natural history studies showing symptom chronicity. One explanation is that the diagnosis changes, rather than resolves. As discussed, patients with IBS are more likely to experience other functional syndromes. In addition, "symptom shifting" occurs in some patients, characterized by resolution of functional bowel symptoms followed by development of extra-intestinal functional symptoms [4].

Mortality



Although patients with IBS have a significantly reduced quality of life, greater risk of depression and suicidal ideation, and higher frequency of invasive procedures and surgery, community-based studies have not associated IBS with increased mortality risk [4,46].


DISEASE BURDEN



Like other chronic functional disorders, the overall burden of IBS is high and medical treatments for IBS have been suboptimal. Patients with IBS exhibit high rates of psychopathology, low quality of life, and increased suicidal ideation. These patients also miss more days of work, are less productive at work, and use many healthcare resources [47].
IBS significantly diminishes emotional, physical, and occupational functioning and health-related quality of life. IBS accounts for 3.1 million ambulatory care visits and 5.9 million prescriptions annually in the United States, with total direct and indirect annual expenditures exceeding $20 billion [5,48].
IBS is usually diagnosed and managed in outpatient settings. In 2010, IBS accounted for 0.03% of U.S. hospital discharges, with a mean inpatient stay of 3.7 days costing a mean $21,153 [49].
The impact of IBS subtypes on quality of life was studied in 542 patients with IBS in the United States using the IBS Quality of Life (IBS-QOL) questionnaire. The overall and subscale scores attained from the IBS-QOL range from 0–100, with higher scores suggesting better quality of life. Overall IBS-QOL scores of patients with IBS-D (61.6) and IBS-M (63.0) were lower than those of patients with IBS-C (74.5). Patients with IBS-D scored lower than those with IBS-C on food avoidance (45.0 vs. 61.1) and interference with activity (59.6 vs. 82.3). Compared with patients with IBS-C, patients with IBS-M had greater interference in activities (61.6 vs. 82.3) and impact on relationships (73.3 vs. 84.7). Patients with IBS-M scored lower than IBS-C on food avoidance (47.2 vs. 61.1) and concern over negative social reaction (66.1 vs. 80.0) [50].
Patients with IBS-D or IBS-M are more likely to avoid culprit foods perceived to be symptom triggers than patients with IBS-C. IBS had a significantly greater negative impact on relationships in patients with IBS-M than in those with IBS-C, and more than 50% reported workplace embarrassment. Interpersonal problems were more pronounced in patients with IBS-D. This study indicates that clinicians should pay special attention to food avoidance and negative effects on relationships, daily activities, and social reaction in patients with IBS-D and IBS-M, as these domains influence significantly the quality of life [50].
Bloating is perhaps the most bothersome IBS symptom to
        patients. Bloating often leads to seeking medical care and adversely affects energy level,
        food intake, and physical functioning [51].
        A large population-based study in Japan found abdominal bloating to be the most bothersome
        symptom in patients with IBS-C. The levels of anxiety and distress in daily life were
        associated with severity of abdominal pain, discomfort, and bloating, and abdominal bloating
        was more likely to occur after a meal, at work/school, and during times of stress [52].
A study assessed past-week impairments in work productivity and daily activities in American patients with IBS-C. Among those working, the average rate of past-week absenteeism was 10.6%. In addition, 37.4% reported presenteeism, 39.3% overall work productivity loss, and 45.7% daily activity impairment due to general health problems over the past week. The economic cost from lost productivity due to IBS-C is estimated at about $155 per employed patient/week, suggesting IBS-C-related impairment is a significant burden for patients and employers [53].
Perceived stigma is an important consideration in the patient with IBS. Patients with symptoms of IBS or other functional disorders present for medical care with painful, embarrassing, and life-limiting symptoms that lack objective confirmation on routine diagnostic exam and laboratory workup. Moreover, the common inclusion of IBS and fibromyalgia in psychiatric diagnostic classification systems as somatoform disorders (e.g., psychologic distress manifesting as physical symptoms) adds to the consternation. Lacking a consistent and valid illness concept or suitable term for the disorder, some caregivers may be tempted to label the patient with dismissive terms like "difficult patient," "frequent attender," or "heart-sink patient." This type of labeling may result in patient reluctance to seek medical care [54].


3. ETIOLOGY, PATHOGENESIS, AND PATHOPHYSIOLOGY



GI syndromes/symptoms may be classified into three general diagnostic categories: organic, motility, or functional disorders [2,15]. Organic (or structural) disorders are characterized by macro- or micro-level pathology of organs or structures and include esophagitis and inflammatory bowel disease. Motility disorders are characterized by pathology of organ (motility) function. Examples of motility disorders are gastroparesis and intestinal pseudo-obstruction.
Functional GI disorders are idiopathic disorders of gut-brain
      interaction and, unlike organic and motility disorders, diagnosis involves identification of
      symptom clusters. These disorders may be further categorized as functional bowel, functional
      esophageal, IBS, noncardiac chest pain, functional gastroduodenal, and other disorders.
IBS is a functional bowel disorder, as are functional constipation, functional diarrhea, and functional abdominal bloating/distension. More precisely termed "disorders of gut-brain interaction," functional GI disorders develop from complex, bidirectional interactions of biopsychosocial factors. These environmental, psychologic, and biologic factors interact to drive the genesis, clinical expression, and chronicity of functional GI disorders (Table 1) [2,15].
Table 1: FACTORS AFFECTING THE DEVELOPMENT, EXPRESSION, AND CHRONICITY OF FUNCTIONAL GI
        DISORDERS
	
              Genetic and environmental factors
            
	
              Genetic polymorphism
Early life experiences
Parental beliefs and behaviors
Social learning, support, stress
Trauma
Infection


            
	
              Psychologic factors
            
	
              Psychopathology (anxiety, depression)
Cognitive-affective processes:


              	Health anxiety and somatization
	GI-specific anxiety
	Attentional bias/symptom hypervigilance
	Catastrophizing



            
	
              CNS structure and function
            
	
              Structural brain abnormalities
Functional network connectivity
Emotional and cognitive modulation of visceral afferent signals
Fear conditioning


            
	
              Gut physiology
            
	
              Gut permeability
Motility
Sensation
Altered bacterial flora
Inflammation and immune dysfunction


            


Source: [2,15]


Psychosocial factors such as early life events, trauma, social learning, and/or psychiatric and psychologic disorders influence the brain and gut, which interact bidirectionally via the autonomic nervous system and hypothalamic-pituitary-adrenal (HPA) axis through brain-gut mediation. The integrated effects of altered physiology and psychosocial status shape the illness experience and clinical outcome, which in turn influences the severity of the disorder [55].
IBS pathophysiology is complex and multifactorial. Genetic, environmental, and psychosocial factors increase the risk of developing IBS. Factors that trigger IBS onset or exacerbation include gastroenteritis, food intolerances, chronic stress, and surgery. Pathophysiologic mechanisms vary but commonly include altered colonic motility, visceral hyperalgesia, increased intestinal permeability, immune activation, altered microbiota, and disturbances in central nervous system (CNS) function [3].
CONTRIBUTING FACTORS



Familial and Environmental Factors



Childhood Social Learning
Childhood functional GI disorders aggregate in families. Research into genetic factors is ongoing, but what children learn from parents is considered a greater contributor to the risk for developing functional GI disorders. One important contributor is the learning principle of positive reinforcement or reward. Children whose mothers reinforce illness behavior experience more severe stomachaches and more school absences than other children. In children with functional abdominal pain, cognitive-behavioral therapy (CBT) that targets coping strategies and parent and child beliefs about, and responses to, children's pain complaints leads to greater decreases in pain and GI symptoms than an educational intervention. This effect is mediated by changes in parents' cognitions about their child's pain [39,55,56].
A strong association is found between parental psychologic status, especially anxiety, depression, and somatization, and children's abdominal symptoms [57]. This association may occur through modeling, whereby children observe and learn to display the behaviors they observe—in this context, heightened attention to or catastrophizing about somatic sensations. This effect of parental traits on children's symptoms can also occur through reinforcement. Parents with certain traits or beliefs (e.g., excessive worry about pain) might pay more attention to and reward somatic complaints. Parental catastrophizing about their own pain reinforces these types of responses to abdominal pain in their children, which encourages illness behavior and predicts child functional disability [55,58,59].
Childhood and Adult Stressors
Early life trauma is associated with increased risk for IBS
          and other functional GI disorders, major psychiatric disorders, ischemic heart disease,
          diabetes, asthma, and other medical disorders in adulthood [60]. Patients with IBS report a high
          prevalence of adverse life events in general, and childhood physical punishment, emotional
          abuse, and sexual abuse in particular. This psychosocial history is related to greater
          functional GI disorder severity and worse clinical outcomes, such as psychologic distress
          and impaired daily functioning. These effects increase health care seeking and explain the
          higher prevalence of abuse histories in patients with IBS seen in specialty clinics than
          in primary care; those with mild IBS symptoms and psychosocial histories may not seek
          medical care. High frequencies of childhood abuse (approaching 50%) are also found in
          patients with chronic functional somatic syndromes such as chronic pelvic pain, headaches,
          and fibromyalgia [61,62,63].
Functional GI disorder onset frequently coincides with
          experiencing a highly threatening event, such as the breakup of an intimate relationship.
          Stressful life events are associated with symptom exacerbation and frequent health
          care-seeking in adults with IBS. Chronic life stress is the greatest predictor of IBS
          symptom severity one to two years after diagnosis and negatively affects functional GI
          disorder treatment outcomes. Presence of a single stressor within 6 months of initiating
          IBS treatment predicts poor outcomes and higher symptom intensity at 16-month follow-up
            [55,64].
Social Support
Quality of social support is related to many aspects of IBS. Patients have reported that finding social support helps them overcome IBS. Perceived social support adequacy is linked to IBS symptom severity, possibly through reducing stress levels. Negative social relationships with frequent conflict and adverse interactions consistently show a greater impact on poor IBS outcomes than the mere lack of social support. A supportive patient-practitioner relationship improves symptoms and quality of life in patients with IBS, showing the clinically valuable role of social support [55,65,66].

Psychologic Factors and Psychiatric Disorders



Psychologic distress is an important risk factor for developing functional GI disorders. The presence of psychologic comorbidity may perpetuate or exacerbate symptoms and negatively affects the clinician-patient relationship and treatment outcomes. Comorbid anxiety or depression strongly predicts postinfectious IBS and functional dyspepsia and is also associated with severity of symptoms and quality of life impairment. The absence of co-occurring psychiatric comorbidity does not exclude contribution to functional GI disorder from dysfunctional cognitive and affective processes.
Mood Disorders
The overlap between major depressive disorder and functional GI disorder is about 30% in primary care and slightly higher in specialist care. Depression can influence the number of functional GI symptoms and diagnoses. Suicidal ideation is present in 15% to 38% of patients with IBS and is linked to hopelessness surrounding symptom severity, interference with life, and an unsatisfactory response to treatment. Comorbid major depressive disorder is linked to poor outcomes, including high health care utilization and cost, functional impairment, poor quality of life, and poor treatment engagement and outcomes [67,68,69].
Anxiety Disorders
With a prevalence of 30% to 50%, anxiety disorders are the most common psychiatric comorbidity in patients with functional GI disorders. Anxiety can initiate or perpetuate functional GI disorder symptoms by amplifying autonomic arousal (in response to stress) or interfering with GI sensitivity and motor function. Common pathways might exist between vulnerability to anxiety disorders and functional GI disorders, especially through anxiety sensitivity, bodily vigilance, and discomfort intolerance [67,70].
Somatization, Somatic Symptom Disorder, and Functional Somatic Syndromes
In the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), somatic symptom disorder replaced the abandoned term "somatization," which described patients who responded to psychosocial stress by experiencing, communicating, and seeking medical help for physical symptoms unconfirmed by pathologic findings. The number of symptom complaints was emphasized [55,71].
In the DSM-5, somatic symptoms may or may not be medically unexplained but are distressing, disabling, and associated with excessive and disproportionate thoughts, feelings, or behaviors persisting longer than six months. This approach shifts the experience of medically unexplained symptoms from subconscious manifestations of psychologic distress to the abnormal cognitive-affective processes surrounding the symptoms [55,72,73].
Somatization is associated with GI processes such as gastric sensitivity and emptying, symptom severity, and impaired quality of life. It is linked to higher health care use and predicts poor treatment response and discontinuing medication from side effects. Somatization remains extensively used in the medical literature to describe syndromes, often with prominent pain, that lack apparent physiologic cause following standard diagnostic workups. Assessing somatization through severity of the multiple somatic symptoms remains clinically useful [73,74,75].
Somatization was considered the basis for frequent extra-intestinal symptoms in patients with IBS and the high co-occurrence between functional GI disorder and other functional somatic syndromes. The overlap is extensive; 67% of patients with functional GI disorders also have a positive history for conditions such as interstitial cystitis, chronic pelvic pain, headaches, fibromyalgia, or other functional somatic syndromes, independent of psychiatric comorbidity [55,76,77].
Cognitive-Affective Processes
The psychologic constructs of health anxiety, GI symptom-specific anxiety, attentional bias/symptom hypervigilance, and catastrophizing are linked to functional GI disorders independent of psychiatric comorbidity (Table 2). These are important treatment targets for CBT [55].
Table 2: COGNITIVE-AFFECTIVE PROCESSES INFLUENCING THE SYMPTOM EXPERIENCE IN FUNCTIONAL GI
          DISORDERS (FGIDs)
	Term	Definition	Association with FGID	Outcomes	Management
	Illness anxiety	Global tendency to worry about current and future bodily symptoms, formerly
                referred to as hypochondriasis	
                Low insight
Extensive research into what is wrong
Not easily reassured
Lack of acceptance
Rick factor for the development of FGID


              	
                Chronicity
Social dysfunction
Occupational difficulties
High health costs
Negative physician-patient relationship
Poor treatment response


              	Responsive to CBT
	Symptom-specific anxiety	Worry/hypervigilance around the likelihood/presence of specific symptoms and the
                contexts in which they occur	
                Belief that normal gut sensations are harmful or will lead to negative
                    consequences
Promotes GI symptoms


              	
                Drives health care use
Negatively impacts treatment response


              	
                Aerophagia improved with distraction
May be differentially responsive to interoceptive exposure-based
                    therapy


              
	
                Hypervigilance/
attentional bias


              	Altered attention toward, and increased engagement with, symptoms and reminder of
                symptoms	
                Patients with IBS: Higher recall of pain words and GI words compared
                    with healthy controls
Patients with NCCP: Hypervigilance toward cardiopulmonary
                    sensations


              	
                Dismiss signs of improvement
Ignore information suggesting FGID is not serious


              	Responsive to CBT
	Catastrophizing	Individual magnifies the seriousness of symptoms and consequences while
                simultaneously viewing him/herself as helpless	
                Symptom amplification
Increased pain
Inhibits pain inhibition
Negatively affects interpersonal relationships
Leads to increased worry, suffering, disability


              	
                High symptom reporting
Reduced quality of life
Can impact patient self-report
Burdens provider


              	
                Improves with CBT
Mediates outcome


              
	CBT = cognitive-behavioral therapy, NCCP =
                noncardiac chest pain.


Source: Reprinted from Van Oudenhove L, Levy RL, Crowell MD, et al. Biopsychosocial aspects of functional GI disorders: how central and environmental processes contribute to the development and expression of functional GI disorders. Gastroenterology. 2016;150(6):1355-1367, with permission from Elsevier.


GI symptom-specific anxiety is an important perpetuating factor that describes threatening interpretation and out-of-proportion behavioral response to GI sensations. This anxiety is characterized by worry and hypervigilance around GI sensations common to normal bodily functions (e.g., hunger, satiety, gas) as well as to symptoms of an existing GI condition (e.g., abdominal pain, diarrhea, urgency). Worry and hypervigilance generalize into fear about when sensations/symptoms will occur and about the social contexts where this could happen. Avoidance or behaviors disproportional to symptoms follows [55,78].
As an example, a person with IBS who has not eaten all day becomes aware her stomach is rumbling. This is interpreted to mean that the need to defecate may be imminent, triggering anxiety about whether and how this can be managed, as she is in public with friends. The anxiety increases when no restroom is visible, and the person leaves her friends for fear they would not understand [55].

Other Factors



Genetic Predisposition
Variations in the gene that encodes serotonin reuptake transport system have been found in patients with IBS. It is believed that polymorphism of the 5-HT2A receptor gene may be associated with the development of IBS [79].
Acute Infectious Gastroenteritis
The prevalence of IBS is increased six- to seven-fold in
          persons who have experienced a prior infectious gastroenteritis or enterocolitis, and
          postinfectious IBS accounts for 5% to 25% of all cases of IBS [80]. IBS develops in 3% to 30% of patients
          following acute gastroenteritis, illustrating an acute pathogen and host interaction that
          predisposes to development of chronic IBS [5,81]. Factors with the
          greatest risk for postinfectious IBS are elongating toxin and longer duration of the
          initial illness [82,83]. Other predisposing factors include: 
	Female sex
	Younger age
	Toxicity/severity of infecting strain
	Cigarette smoking
	Mucosal inflammation
	Immune function
	Microbiome
	Concurrent depression or anxiety
	GI infection severity
	Antibiotic treatment


Psychopathology increases the risk of developing postinfectious IBS by enhancing susceptibility to infectious gastroenteritis [5,84]. Mucosal inflammation and abnormal gut-host microbial interactions also promote postinfectious IBS. Mucosal immune activation and immune cell proliferation may amplify peripheral sensory signaling to result in visceral hypersensitivity, a primary IBS pain mechanism [5,84].
Patients with postinfectious IBS are important to identify because roughly 50% will experience spontaneous remission within six to eight years of the initial infection. This disease course differs from the chronic relapsing nature of typical IBS [5,85].
Acute gastroenteritis is now known to cause marked disruptions in the gut microbiota by pathogen overgrowth and substantial reduction in the diversity of normal flora. In the past, gut equilibrium was assumed to normalize after the infection cleared. However, research indicates individuals recovering from Campylobacter jejuni enteritis (a common cause of food poisoning) are as likely to show continued alteration in microflora (with potential progression to IBS-D) as they are full recovery of gut equilibrium [86,87].
Alterations in the Intestinal Microbiome
Gut dysbiosis is defined as an imbalanced or maladapted,
          but stable, gut ecosystem that has reduced capacity for protection and is associated with
          disease [88]. Gut dysbiosis has
          potentially significant consequences in psychiatric disorders, cognitive disorders, and
          chronic visceral pain (due to brain-gut mediation). The intestinal flora of patients with
          IBS differs from healthy persons, and intestinal flora profiles also differ among IBS
          subtypes [89]. Deficiency in Bifidobacterium has been associated with greater abdominal pain
          and bloating in patients with IBS. As such, treatment with probiotics has shown some
          promise in alleviating symptoms in IBS. In one study, probiotic administration was found
          to alter central processing of emotional stimuli and resting brain connectivity in sensory
          and affective brain circuits. The hypothesis of a microbiome gut-brain axis is emerging,
          and there is a possibility that gut microbiota will represent a therapeutic target in the
          treatment of IBS [55,90,91].
Bile Acids and Bowel Dysfunction
Secretory diarrhea results from colonic perfusion of bile acids due to inadequate ileal reabsorption (less than 95%). Excess bile acids entering the colon increase gut permeability, activate adenylate cyclase, stimulate colonic secretion, and increase stool water and colonic motility. Decreased circulating fibroblast growth factor 19 (FGF19) leads to excessive bile acid production and can be primary or secondary to ileal resection or ileitis. Around 10% of patients with IBS-D have severe bile acids malabsorption—defined as less than 5% retention at seven days. In the United Kingdom, bile acid diarrhea accounts for nearly 25% of patients with IBS referred to specialist care for diarrhea [87,92].
Bile salt overproduction can be identified by reduced seven-day retention of the synthetic radiolabeled bile acid selenium-75 homocholic acid taurine (SeHCAT), but access to SeHCAT is limited. Another approach measures fasting FGF19 using an enzyme-linked immunosorbent assay (ELISA). FGF19 <145 pg/mL predicts reduced SeHCAT retention [87].
The cause of low FGF19 levels is not fully known, but bile acid malabsorption can begin acutely after an ileitis episode, common with Salmonella spp. or C. jejuni gastroenteritis. Sudden onset and high-volume nocturnal diarrhea are characteristic features [87].
The prevalence and role of ileal malabsorption of bile acids in diarrhea-like symptoms has historically been underestimated in IBS-D. Identification can lead to specific treatment with bile acid sequestrants [15,93].
Diet
Many patients identify food as an IBS symptom trigger. The
          contribution of true food allergies to IBS is small, but food intolerances are common in
          patients with IBS. Gluten (present in wheat products) is increasingly recognized as an
          important symptom trigger in patients with IBS and inducer of IBS-like symptoms in persons
          without IBS diagnosis. Non-celiac gluten sensitivity is an emerging syndrome provoked by
          gluten ingestion in patients in whom celiac disease and wheat allergy are ruled out. Other
          triggers of non-celiac gluten sensitivity pathogenesis include wheat proteins (i.e.,
          amylase and trypsin inhibitors) and FODMAPs (fermentable oligo-, di-, monosaccharides, and
          polyols) [94,95]. Emerging evidence supports gluten-free
          and low-FODMAPs diets for patients with IBS. FODMAPs are poorly absorbed carbohydrates
          that can induce osmotic effects, result in increased fermentation in the small bowel or
          colon, and trigger symptom exacerbation in patients with IBS with abnormal gut function or
          sensitivity [5,94].
Dietary constituents also influence the impact of intraluminal factors on gut function. Among these are microflora alterations in short-chain fatty acids; the effects of enteroendocrine cell products (i.e., granins) on nervous, endocrine, and immune cells; and the ratio of secondary to primary bile acids that impact gut transit rates [15,96].
A six-week placebo-controlled, double-blinded trial in patients with IBS with gluten sensitivity histories found poorly controlled IBS symptoms in 68% randomized to diets with gluten versus 40% receiving a gluten-free diet. In patients receiving a gluten-free diet, double-blinded gluten re-challenge worsened pain, bloating, stool consistency, and fatigue [97]. A study of patients with IBS-D reported that gluten administration led to altered gut permeability and increased stool frequency and immune activation [98].
While these data suggest that symptom exacerbation after ingesting wheat is primarily caused by gluten, wheat also contains fructans and other proteins that may trigger symptoms in patients with IBS [5]. A clinical trial of 920 patients with IBS found that 33% of subjects experienced worsened symptoms of increased abdominal pain and distension after receiving wheat (not limited to gluten), but not after placebo [99].


BRAIN-GUT AXIS AND PROCESSING



Bidirectional interactions involving multiple components of the (peripheral) GI system (microbiome, altered mucosal inflammation, visceral hypersensitivity) and the CNS (emotional arousal, sensorimotor function, salience and executive function, central autonomic function) contribute to the development of IBS. Neurophysiologic mechanisms in the brain-gut axis link psychologic processes, psychiatric comorbidity, and IBS symptoms [2,100].
In the brain-gut axis, homeostatic information about visceral physiologic status is continuously signaled to the brain through afferent neural and humoral "gut-brain" pathways. Most gut-brain signals are not consciously perceived under normal conditions. Visceral pain results from the perception of strong gut-brain signaling, triggered by noxious stimuli to warn of potential threat to homeostasis that requires a response [55,100].
Visceral afferent signals are relayed to the brain and then processed, modulated, and integrated through the afferent network, emotional arousal, and cortical modulatory neurocircuits [55]. Emotional arousal and cortical modulation circuits project "top-down" to brainstem areas, which send descending projection neurons to dorsal horns of the spinal cord, where pain transmission is modulated. This circuitry is termed the descending pain modulation system (DPMS) [55].

ALTERED PAIN PERCEPTION IN PATIENTS WITH IBS



The hallmark symptom of IBS in the Rome IV criteria is chronic visceral pain and/or discomfort, and patient perception of visceral pain in IBS is disproportionate to the intensity of visceral afferent inputs, which is the result of complex psychobiologic processes [55].
Visceral hypersensitivity (also referred to as
        sensitization) describes lowered thresholds for visceral pain and occurs in the majority of
        patients with IBS. In these patients, lower pain thresholds are reflected by an exaggerated
        pain response to normally modest GI discomfort and/or painful response to stimuli that are
        not normally pain- or discomfort-inducing (e.g., normal bowel function). Visceral
        sensitivity is amplified in patients with IBS [15].
Psychologic processes and psychosocial factors substantially influence visceral hypersensitivity. In patients with IBS, hypervigilance (defined as a heightened psychologic tendency to focus on and report pain) is considered a greater contributor to lowered pain thresholds than actual increased neurosensory sensitivity. Anxiety and depression levels are directly related to pain severity in patients with IBS [101,102,103,104].
As discussed, extra-intestinal chronic pain conditions are highly prevalent in IBS, and widespread hypersensitivity and extra-intestinal pain syndromes suggest CNS involvement and central sensitization. Descending neural modulatory circuits from the brain can inhibit or facilitate ascending nociceptive transmission, influenced by cognitive processes and mood. Changes in DPMS function are thought to influence pain perception [105]. Dysregulated cortical modulation of descending pain regulatory pathways can amplify sensitivity to noxious and innocuous stimuli [106].
Neural pathways play a major role in modulating visceral pain experience and other IBS symptoms. Spinothalamic tracts localize and differentiate visceral stimuli, while spinoreticular pathways influence the reflexive, affective, and motivational aspects of sensation and pain [81]. Pain modulatory system dysfunction promotes visceral hypersensitivity, and studies of IBS have shown abnormalities in pain signal processing and modulation that include functional and structural abnormalities in sensory, emotional arousal, and prefrontal cortical modulatory regions [55,106].
Altered Brain Network Function



Colorectal distension in patients with IBS activates brain stress response areas but deactivates brain areas that modulate stress response [80,107,108]. This pattern reflects up-regulated connectivity in emotional arousal circuitry; the increased sympathetic arousal, anxiety, and vigilance often observed in patients with IBS; and the association between IBS symptoms and functional alteration in multiple brain networks [55].
When anticipating experimentally induced visceral pain, anticipatory response in the locus coeruleus predicts subjective perception and brain response to the actual painful stimulus. Sensory filtering is degraded by anxiety-related dysfunction of the descending pain modulation system [107,109].

Altered Brain Structure



Alterations in brain structure have been demonstrated in patients with IBS. The role of structural brain changes in IBS and other functional pain disorders is not clear, because these changes may represent pre-existing vulnerability factors or consequences of long-term exposure to the pain [106].
Female patients with IBS have shown increased cortical
          thickness in the somatosensory cortex and decreased cortical thickness in pain processing
          regions, including the insula and anterior cingulate cortex. IBS symptom severity is
          negatively correlated with cingulate thickness, suggesting a role for loss of neural
          density in symptom generation [106,110,111].
Patients with IBS have also shown decreased gray matter
          volumes in widespread regions, with early life trauma contributing to these decreases
            [106]. Decreased gray matter density in
          prefrontal and posterior parietal cortex areas is consistent with the close relationship
          between IBS and mood disorders. Pain catastrophizing negatively correlates with the degree
          of cortical thickness in the prefrontal cortex [112,113,114].
Abnormal structure of brain white matter tracts have been found in multiple areas in patients with IBS. These white matter changes are associated with symptom severity, trait anxiety, and catastrophizing [115,116,117].



4. CLINICAL PRESENTATION AND DIAGNOSTIC WORKUP



CLINICAL PRESENTATION



Abdominal Pain



Descriptions of pain associated with IBS often change, but
          the pain is typically described as cramping discomfort that is diffuse or variable in
          location, without radiation. The most common site of pain is the lower abdomen,
          specifically the left lower quadrant. Many patients experience periodic exacerbations that
          vary in intensity from mild to severe; others describe acute episodes of sharp pain, often
          superimposed on a more constant dull ache. Meals may precipitate or aggravate the pain.
          Some patients report that pain is worsened by defecation, others that the pain is relieved
          by defecation. On occasion, the combination of enhanced colonic peristalsis and trapped
          gas in the splenic flexure may produce severe left upper quadrant abdominal pain or
          referred pain to the chest that mimics that of cardiac ischemia. Termed splenic flexure
          syndrome, balloon inflation in the splenic flexure will provoke this pain and should be
          considered in selected patients in order to differentiate it from more serious causes of
          chest or left upper quadrant abdominal pain [118].

Altered Bowel Habits



Altered bowel habits may be described as diarrhea, constipation, or alternating diarrhea and constipation. Some patients have periods of relatively normal bowel habits alternating with episodic periods of either diarrhea or constipation. Patients with predominant constipation may describe painful or infrequent defecation, non-response to laxatives and often associated with the passage of hard, pellet-like or narrow stools. Diarrhea is usually described as small volumes of loose stool preceded by urgency or frequent defecation. Postprandial urgency is common. [118]. Stools may also be white or clear (mucosa).

Abdominal Distention



Patients with IBS frequently report increased amounts of bloating and intestinal gas, but confirmation by quantitative measurements is elusive. People with IBS can experience expanding, and measurable, abdominal circumference throughout the day. Intolerance of otherwise normal amounts of abdominal distention is common [118].

Other Common Symptoms and Complaints



Dyspepsia, heartburn, nausea, vomiting, sexual dysfunction (including dyspareunia and poor libido), and urinary frequency and urgency frequently occur in patients presenting with IBS complaints. Fibromyalgia commonly co-occurs. Careful questioning can reveal stressor-related symptoms; if disclosed, ask further about avoidance of stressors [118].
Perimenstrual Symptom Exacerbation
Many women of reproductive age experience cyclical changes in GI symptoms (including alteration in bowel habits) during their menstrual cycle. Female patients with IBS often experience worsened GI symptoms of abdominal pain, bloating, or diarrhea during menses, possibly due to elevated prostaglandin levels during menses that enhance perception of viscera-somatic stimuli and increases nausea, abdominal distension, and pain [119].
Fatigue
Despite receiving little attention in the medical literature, fatigue is a frequent symptom in patients with IBS and is associated with poor quality of life. A study of 160 patients with IBS found a multidimensional and negative impact from fatigue on daily life [120]. Fatigue may interfere with patients' ability to perform physical activities, work, domestic work, and interact socially. Poor stamina is the most prominent feature, and strategies to limit the bodily consequences of tiredness are common. Severe fatigue is associated with more severe IBS symptoms, anxiety, and depression. Fatigue is a distressing symptom in a sizeable proportion of patients with IBS and should be assessed and, if confirmed, targeted for intervention [120].


CONCEPTUAL AND DIAGNOSTIC ADVANCES



Over time, the definitions of IBS and functional GI disorders have been shaped by societal perspectives of illness and disease, available scientific evidence, and clinician training and bias. Even today, some consider functional GI disorders to be "less legitimate" than pathologically based disorders, and patients with functional GI disorders may be stigmatized for having functional symptoms. This is a carry-over from the influence of dualistic principles that dichotomized organic disorders from functional disorders, which were often considered psychiatric or undefined. However, the definition has changed from the absence of organic disease, to a stress-related or psychiatric disorder, a motility disorder, a disorder of GI functioning, and finally to a disorder of gut-brain interaction [2].
The Rome Foundation was founded in the 1980s to promote global recognition of functional GI disorders, advance scientific understanding of functional GI disorder pathophysiology, optimize clinical management for patients with functional GI disorders, and develop educational resources to achieve these goals. The Foundation is comprised of scientists and clinicians from around the world with expertise in diverse areas relevant to functional GI disorders [121].
The Rome III criteria incorporated scientific data on IBS diagnosis and treatment. Rome III defined IBS as recurrent abdominal pain or discomfort three or more days per month in the preceding three months, associated with two or more of the following: symptom improvement with defecation, symptom onset coupled with altered stool frequency, or symptom onset coupled with altered stool form [122,123].
Over the past decade, the need to revise Rome III became increasingly apparent. Knowledge of IBS pathophysiology continued evolving, and many clinicians found Rome III criteria unhelpful and lacking in real-world clinical applicability. For example, Rome III did not recommend basic laboratory testing and ignored the fact that, for many patients, abdominal pain worsened rather than improved with defecation. Some Rome III criteria were seen as vague or incorrect [122].
In 2016, the Rome IV guidelines were published to address
        these criticisms and improve guidance to healthcare providers based on latest scientific and
        clinical evidence. Important changes in Rome IV IBS diagnostic criteria include [2,3]: 
	The term "abdominal discomfort" was removed because it was determined to be
              imprecise and difficult to translate.
	The required frequency and presence of abdominal pain was increased to reflect
              research that identified pain as a cardinal symptom of IBS.
	Rome IV recognizes that IBS is often associated with irregular bowel habits of
              constipation, diarrhea, a mix or alternation of each, and that common symptoms include
              bloating and distension.
	As IBS is a chronic condition, Rome IV requires symptom persistence for six or
              more months for diagnosis.
	Rome IV now acknowledges the role of diagnostic tests to exclude other common
              conditions with similar symptoms to IBS, such as celiac disease, lactose intolerance,
              and inflammatory bowel disease.
	Replacing the term "functional" was found impractical due to its pervasive use in
              healthcare nosology, so this term was limited to the extent possible.


By clarifying language, updating the definition, and including the option of laboratory testing, the new criteria are intended to make IBS easier to diagnose. The emphasis on abdominal pain validates clinician reports of this symptom as the essential element of IBS. Rome IV should also help differentiate IBS from intermittent abdominal spasms or cramps and chronic constipation or diarrhea [3,122]. The revised Rome IV IBS criteria are part of a larger project by the Rome Foundation to overhaul and update scientific data, educational information, and clinical guidance to optimize the diagnosis and treatment of functional GI disorders.
Functional bowel disorders, a functional GI disorder subgroup, describe a spectrum of chronic GI disorders characterized by predominant signs or symptoms of abdominal pain, bloating, distention, and/or bowel habit abnormalities (i.e., constipation, diarrhea, or mixed constipation and diarrhea) [3]. These disorders are distinguished from other GI disorders based on chronicity (more than six months of symptoms at the time of presentation), current activity (symptoms present within the last three months), frequency (symptoms present, on average, one or more days per week), and absence of obvious anatomic or physiologic abnormalities identified by routine diagnostic workup. Functional bowel disorders include IBS, functional constipation, functional diarrhea, functional abdominal bloating/distention, unspecified functional bowel disorder, and opioid-induced constipation, a new entry that differs from other functional bowel disorders by etiology but resembles functional constipation in clinical presentation [3].
Importantly, these disorders significantly overlap and should be viewed as a continuum instead of discrete diagnostic entities. Given the extent of overlap, differentiation of functional bowel disorders may not always be possible [3].
Importance of a Formal IBS Diagnosis



There are data to suggest that among persons with IBS-D symptoms, a formal diagnosis may have important implications for quality of care [9]. Patients with a formal diagnosis of IBS are more likely to have a sustained clinician-patient relationship that facilitates dialog, promotes patient education, and provides access to evidence-based therapies. As a group, these patients are better informed regarding IBS pathophysiology and more attuned to the role of aggravating factors, such as diet, stress, and the state of the intestinal microbiota.


DIAGNOSTIC CRITERIA AND MEASUREMENT SCALES




Evidence Based Practice Recommendation

The National Collaborating Centre for Nursing and Supportive Care
          recommends that healthcare professionals should consider assessment for IBS if the person
          reports having had any of the following symptoms for at least six months: abdominal pain
          or discomfort, bloating, and/or change in bowel habit.
https://www.nice.org.uk/guidance/cg61

             Last Accessed: November 14, 2019
Level of Evidence: Consensus
          Statement/Expert Opinion


As noted, IBS is a functional bowel disorder with recurrent abdominal pain associated with
        defecation or a change in bowel habits. Disordered bowel habits and symptoms of abdominal
        bloating/distention are typically present. The formal diagnosis requires evidence of
        chronicity, defined as symptom onset and duration of at least six months and active symptoms
        present during the previous three months [3].
For all IBS subtypes, the key requirement is that symptoms must not have an organic, metabolic, or drug-induced origin. A symptom-focused patient history and careful physical examination are mandatory to rule out intestinal or extra-intestinal diseases, symptom-inducing medications, and alarm symptoms that prompt further diagnostic exploration [44].
The Rome IV IBS diagnostic criteria are [3]:
      
	Recurrent abdominal pain occurring, on average, one or more days per week
	The abdominal pain is associated with two or more of the following criteria:
            	Related to defecation 
	Associated with a change in frequency of stool 
	Associated with a change in form (appearance) of stool





Diagnosis is made with criteria fulfilled the last three months and symptom duration at least six months.
Bristol Stool Form Scale



The Bristol Stool Form Scale (BSFS) illustrates and
          describes the appearance of seven different stool types that correspond to intestinal
          transit time ranging from severe constipation (Types 1 and 2) to diarrhea (Type 7).
          Patients can use the BSFS to record frequency and subtype of their stools [124]: 
	Type 1: Separate hard lumps, like nuts (hard to pass)
	Type 2: Sausage-shaped but lumpy
	Type 3: Like a sausage with cracks in the surface
	Type 4: Like a sausage or snake, smooth and soft
	Type 5: Soft blobs with clear-cut edges
	Type 6: Fluffy pieces with ragged edges, a mushy stool
	Type 7: Entirely liquid, no solid pieces



Diagnostic Criteria for IBS Subtypes



IBS is subtyped by predominant bowel habit change, but only after all medications to treat bowel habit abnormalities are discontinued. The BSFS can be used to categorize IBS into subtypes based on stool characteristics (Table 3). Predominant bowel habits are based on stool form on days with at least one abnormal bowel movement[3,44].
Table 3: DIAGNOSTIC CRITERIA FOR IBS SUBTYPES
	Subtype	BSFS Criteria	Alternative
	IBS with predominant constipation (IBS-C)	>25% of bowel movements with BSFS types 1 or 2 AND <25% of bowel
                movements with BSFS types 6 or 7	Patient reports that abnormal bowel movements are usually constipation (BSFS
                type 1 or 2).
	IBS with predominant diarrhea (IBS-D)	>25% of bowel movements with BSFS types 6 or 7 AND <25% of bowel
                movements with BSFS types 1 or 2	Patient reports that abnormal bowel movements are usually diarrhea (BSFS type
                6 or 7).
	Mixed-type IBS (IBS-M), in which constipation and diarrhea alternate	>25% of bowel movements with BSFS types 1 or 2 AND >25% of bowel
                movements with BSFS types 6 or 7	Patient reports that abnormal bowel movements are usually both constipation
                and diarrhea.
	IBS unclassified (IBS-U)	—	Patients who meet diagnostic criteria for IBS but whose bowel habits cannot
                be accurately categorized into one of the other three groups.
	BSFS = Bristol Stool Form Scale.


Source: [3,44]



Diagnostic Criteria for Related Functional Bowel Disorders



Functional bowel disorders are diagnosed when criteria are fulfilled for the last three months, with symptom onset more than six months before diagnosis [3].
Functional Constipation
In order for a diagnosis of functional constipation to be made, two or more of the following must be present [3]: 
      
	Straining during >25% of defecations 
	Lumpy or hard stools (BSFS 1 or 2) in >25% of defecations 
	Sensation of incomplete evacuation in >25% of defecations 
	Sensation of anorectal obstruction/blockage in >25% of defecations 
	Manual maneuvers to facilitate >25% of defecations (e.g., digital evacuation, support of the pelvic floor)
	Fewer than three spontaneous bowel movements per week  


In patients with functional constipation, loose stools are rarely present without laxative use. Although symptoms may be similar, these patients do not meet the full criteria for IBS-C.  
Functional Diarrhea
Functional diarrhea is characterized by loose or watery stools (>25% of stools) without predominant abdominal pain or bothersome bloating. These patients do not meet the criteria for IBS-D.
Functional Abdominal Bloating/Distension
Functional abdominal bloating (FAB) or distention (FAD) represent two different sets of signs and symptoms but are combined by Rome IV into the diagnostic entity of FAB/FAD. In patients with FAB/FAD, mild abdominal pain related to bloating and/or minor bowel movement abnormalities may be present. Symptoms of recurrent abdominal fullness, pressure, a sensation of trapped gas, and/or measurable increase in abdominal girth must be present. Abdominal bloating and/or distention predominates over other symptoms, occurring, on average, at least one day per week. These patients do not meet the diagnostic criteria for IBS, functional constipation, functional diarrhea, or postprandial distress syndrome.  


CLINICAL EVALUATION AND DIAGNOSTIC WORKUP



The diagnosis of IBS relies on a thorough patient history,
        physical examination, and limited laboratory testing. While not necessary for diagnosis, a
        brief psychosocial assessment should be performed in all patients. In most patients who
        fulfill Rome IV diagnostic criteria and for whom alarm features are absent, the need for
        diagnostic testing should be minimal; performing a battery of tests in all patients
        suspected of IBS is not warranted. However, focused diagnostic testing may be required to
        differentiate IBS from several conditions with mimicking symptoms when ambiguity is present.
        IBS mimics include inflammatory bowel disease, celiac disease, lactose and fructose
        intolerance, and microscopic colitis [3].
Clinical History



Abdominal pain is a hallmark of IBS; the absence of abdominal pain precludes the diagnosis of IBS. Pain can be present anywhere throughout the abdomen, although it is more common in the lower abdomen [3].
A history of disordered bowel habits (i.e., constipation, diarrhea, or both) should be identified, along with their temporal association with episodes of abdominal pain. Unpredictable bowel pattern (i.e., three or more different stool form types/week) reinforces the diagnosis of IBS-D. An increasing number of consecutive days without a bowel movement suggests a diagnosis of IBS-C.
Ask patients for specific information regarding bowel
          habits and stool characteristics, as this informs subtyping of their IBS. A diagnosis of
          unclassified IBS (IBS-U) is reserved for patients meeting IBS diagnostic criteria whose
          bowel habits cannot be accurately grouped into one of the three main subtypes; this group
          is uncommon. Difficulty in accurate subtyping can result from frequent changes in diet or
          medications or an inability to stop medications that affect GI transit. Subtyping should
          be based on the patient's reported predominant bowel habit on days with abnormal bowel
          movements. As noted, the BSFS should be used to record stool consistency [124].
Diagnosing patients with IBS-D or IBS-C is usually straightforward, but IBS-M can be more complex. A detailed history helps determine whether mixed bowel patterns originate from the underlying disease state or are a consequence of medical intervention. All prescription and over-the-counter medications and supplements with known influence on IBS symptoms should be considered. A stool diary helps identify patterns in the erratic bowel habits of many patients with IBS. Patients with IBS-M often report protracted periods when bowel movement is absent or appears with small, hard stools; this is followed by periods of multiple stools of variable consistency interpreted by patients as diarrhea. In most cases, this reflects IBS-C, and radiographic demonstration of fecal loading helps confirm clinical suspicion [5].
Non-Specific Symptoms
Common non-specific symptoms in IBS include abnormal stool
          frequency, abnormal stool form (BSFS types 1/2 or 6/7), excessive straining during
          defecation, urgency to defecate, feelings of incomplete evacuation, and mucus with bowel
          movements. Abdominal bloating is present in most patients with IBS and abdominal
          distention may be reported, but neither is required for an IBS diagnosis [3].
Patients with IBS frequently report that symptoms are induced or worsened by meals, although these symptoms are not specific to IBS. Many other functional GI (e.g., dyspepsia) and non-GI (e.g., migraine headaches, fibromyalgia, interstitial cystitis, dyspareunia) disorder symptoms are reported in patients with IBS; their presence supports an IBS diagnosis [3].

Physical Examination



A physical examination should be performed for every patient evaluated for IBS. This reassures the patient and helps exclude organic etiology. Physical examination frequently reveals tenderness in the left lower quadrant over a palpable sigmoid colon. A rectal examination is warranted to rule out rectal disease and abnormal function of the anorectal sphincter (e.g., paradoxical pelvic-floor contraction during a defecation attempt), which may contribute to symptoms of constipation [125]. The presence of ascites, hepatosplenomegaly, or abdominal mass warrants further evaluation. An anorectal examination is mandatory to identify anorectal causes of bleeding, evaluate anorectal tone and squeeze pressure, and identify dyssynergic defecation [3].

Differential Diagnosis



Several diseases should be considered in patients with IBS symptoms, including celiac disease, inflammatory bowel disease, giardiasis, and dyssynergic defecation. When detailed history taking, physical examination, and/or routine laboratory testing results make it crucial to rule out a disease that requires diagnostic tests or functional studies not available in primary care, referral to a specialist is indicated. 
Celiac Disease
Patients with IBS symptoms have a fourfold increased risk of biopsy-proven celiac disease [5]. However, the prevalence of celiac disease in patients with IBS symptoms varies by region, with European studies, but not American studies, demonstrating a higher prevalence of the disease. Routine celiac disease screening in patients with IBS becomes cost-effective with prevalence ≥1%. Given the potential long-term consequences of a missed celiac disease diagnosis, clinicians caring for patients with IBS should have a low threshold of suspicion, especially in patients with IBS-D [5,126].
Serologic tests for celiac disease should be performed in
          patients with IBS-D or IBS-M who fail empiric therapy. Upper GI endoscopy with duodenal
          biopsies should be performed if serologic tests for celiac disease are positive or
          clinical suspicion is high; duodenal biopsies can also identify tropical sprue, another
          mimic of IBS.
Microscopic Colitis
A small subgroup of patients with suspected IBS-D have
          microscopic colitis. Risk factors for microscopic colitis include age older than 50 years,
          nocturnal stools, weight loss, shorter duration of diarrhea, recent introduction of new
          medications, and comorbid autoimmune disease. When colonoscopy is performed in patients
          with suspected IBS-D, random colon biopsies should be obtained to rule out microscopic
          colitis [5,126].
Inflammatory Bowel Disease
Inflammatory bowel diseases, like Crohn disease, can mimic IBS symptoms during acute inflammatory flares. Nerve and muscle changes can persist following acute inflammation, even in remission. The underlying mechanisms may include altered gut permeability and persistent low-level immune activation, shown by cecal biopsies from patients with inflammatory bowel disease in apparent remission with ongoing IBS symptoms. Other mechanisms may include persisting alterations in enteric nerves and serotonin signaling. This information can help identify patients with inflammatory bowel disease and persistent IBS symptoms who may respond better to dietary restriction and other IBS treatments than to escalated immunosuppression [87,127,128].
Because even low-grade chronic inflammation can alter gut permeability and sensitize visceral afferent neurons, leading to aberrant motility and visceral sensitization, inflammatory bowel disease should be considered in all patients with IBS symptoms. IBS criteria are met by more than 33% of patients with inflammatory bowel disease, but the proportion of patients with inflammatory bowel disease and overlapping IBS symptoms with alarm features is unclear [5].
The pragmatic question is how often inflammatory bowel disease is ultimately identified in patients with typical IBS symptoms who lack alarm features. A prospective U.S. study of more than 900 non-constipated patients with IBS and healthy controls receiving colonoscopy found inflammatory bowel disease in less than 1% of patients with IBS and none in the controls. This argues against routine colonoscopy in patients with typical IBS symptoms who lack concerning features. Noninvasive biomarkers may be more cost-effective than colonoscopy for inflammatory bowel disease screening [5,129].
Fecal calprotectin, a biochemical assay for intestinal inflammation, is a cost-effective choice in inflammatory bowel disease screening, although 33% of patients with inflammatory bowel disease and IBS-like symptoms show negative results. C-reactive protein levels of <0.5 mg/dL or fecal calprotectin levels of <40 mcg/g confer a ≥1% risk of inflammatory bowel disease in patients with typical IBS symptoms [5,130]. However, inflammatory bowel disease was found to develop two to three years after initial IBS diagnosis at rates far exceeding population norms, despite negative colonoscopy findings [31].
If inflammatory markers are mildly elevated but the probability of inflammatory bowel disease is low, testing should be repeated before performing colonoscopy (unless other indications for colonoscopy are present). Inflammatory markers are not useful in patients with constipation-predominant symptoms.
Giardiasis
Giardia is a relatively common enteric parasitic infection that causes subacute-to-chronic watery diarrhea often accompanied by bloating, urgency, and excess flatulence. Infection is acquired from contaminated water sources in geographic regions scattered throughout the United States. Fluctuating symptoms and chronicity are common, leading to psychologic stress and social disruptions not unlike that experienced by patients with IBS. Examination of stool for the parasite has variable sensitivity, but stool tests that rely on detection of Giardia antigen or subunit ribosomal RNA are highly sensitive and specific. This is a curable cause of GI symptoms, as the condition can be easily and effectively treated.
Bile Acids Diarrhea
As noted, perfusion of bile acids into the colon stimulates water and electrolyte secretion and accelerates transit. Evidence of bile acid malabsorption may be present in up to 33% of patients with IBS-D symptoms. Clinicians can empirically assess for bile acid malabsorption by initiating a bile acid sequestrant trial. Several tests can identify such malabsorption but are not widely available in the United States [5,92].
Dyssynergic Defecation
Dyssynergic defecation is an under-recognized, constipation-associated condition characterized by an inability to coordinate abdominal wall, anal sphincter, and pelvic floor muscles for normal defecation. Symptoms are non-specific and include abdominal pain, discomfort, and bloating. Intervention with biofeedback can improve bowel and abdominal symptoms. Thus, patients with medically refractory IBS-C symptoms should be referred to a specialist for evaluation of dyssynergia by digital rectal examination, anorectal manometry, balloon expulsion testing, or anorectal imaging [131,132,133].

Laboratory Studies



There is no specific laboratory test that defines the presence of IBS; laboratory evaluation is used selectively to screen for other disorders in the differential diagnosis, principally in patients with IBS-D. In 2019, the American Gastroenterological Association (AGA) published a guideline to aid clinicians in choosing appropriate laboratory tests to exclude other diagnoses in the patient with functional diarrhea and IBS-D [209]. This guideline is applicable for the typical patient with chronic "watery" diarrhea of at least six weeks' duration, and is not intended to guide the evaluation of patients with a more complicated clinical profile, such as bloody diarrhea, recent foreign travel to regions endemic for enteric pathogens, or family history of inflammatory bowel disease or cancer. The AGA recommendations for laboratory testing in patients presenting with chronic diarrhea (IBS-D) are [209]:
      
	Either fecal calprotectin or fecal lactoferrin to screen for inflammatory bowel disease (threshold value: 50 mcg/g for calprotectin to optimize sensitivity)
	Giardia antigen test or polymerase chain reaction to screen for giardiasis
	Testing for celiac disease with IgA tissue transglutaminase and a second test to detect celiac disease in patients with IgA deficiency
	Consider testing for bile acid diarrhea (or an empiric trial of a bile acid binder)


The AGA suggests against the use of erythrocyte sedimentation rate or C-reactive protein to screen for inflammatory bowel disease and against testing for ova and parasites (other than Giardia) if there is no travel history or recent immigration from high-risk areas [209].
On initial evaluation, most patients with IBS should have a complete blood count to rule out anemia or screen for systemic signs of infection. In the absence of alarm symptoms or suspicion of abnormalities that other laboratory testing can confirm, no other testing is needed for diagnosis. However, the presence of alarm criteria requires further testing specific to the index alarm finding—colonoscopy in most cases [3,44].
Colonoscopy is indicated in the presence of alarm
          symptoms, family history of colorectal cancer, or persistent diarrhea that has failed
          empiric therapy. Biopsies of different segments of the colon may be required in patients
          with chronic diarrhea to rule out microscopic colitis. Colorectal cancer screening
          colonoscopy is indicated in patients 50 years of age or older (or 45 years of age or older
          in African Americans) in the absence of warning signs based on national
          recommendations.
With failure of empiric therapy, other diagnostic options in limited use include [3]: 
      
	Scintigraphic evaluation (75SeHCAT test)
	Postprandial serum C4 (7a-hydroxy-4-cholesten-3-one)
	FGF19


Breath tests to rule out carbohydrate malabsorption may be useful in some patients with IBS symptoms and persistent diarrhea.

Alarm Features



Concerning features that may suggest organic disease require assessment. Although the presence of these features may identify patients with organic disease, most will have negative evaluation findings, and concerning features are valuable for their negative (not positive) predictive value. IBS can be confidently diagnosed in patients who meet symptom-based criteria and lack concerning features, because extensive diagnostic testing is infrequently positive. However, the perspective of IBS as a diagnosis of exclusion remains widespread, and many healthcare professionals are uncomfortable relying solely on symptom-based criteria for its diagnosis [5,134].
Alarm criteria requiring further testing to rule out
          organicity include [3,44]: 
	Personal or family history of colorectal cancer, intestinal polyposis,
                inflammatory bowel disease, or celiac disease
	Symptom onset after 50 years of age
	Recent changes in bowel movement habit


Additional signs and symptoms that may suggest organicity are: 
      
	Nocturnal symptoms 
	Fever 
	Anemia 
	Unintended weight loss not explained by other causes
	Fecal blood in the absence of documented bleeding hemorrhoids or anal fissures
	Severe abdominal pain 
	Palpable abdominal mass, visceromegalias, or abnormal digital rectal examination on physical exam



Psychosocial Assessment



As discussed, psychosocial factors influence physiologic functioning of the GI tract (including motility, sensitivity, and barrier function), mediate pain experience and symptom behavior of the patient, and impact treatment selection and clinical outcome [15]. This makes psychosocial assessment a vital part of the evaluation of patients with IBS symptoms.
Primary care clinicians and gastroenterologists can use psychosocial screening to identify patients at risk for refractory symptoms, poor treatment response, or low quality of life. When overt psychopathology or moderate-to-severe symptoms are absent, visceral-specific anxiety, catastrophizing, somatization, and quality of life can be assessed to determine if comprehensive evaluation by a health psychologist or psychiatrist is indicated [55].
Clinicians should consider a brief psychosocial assessment for each patient with functional GI disorder, with the precondition that a satisfactory patient-clinician relationship is established earlier in the evaluation. A few specific questions on key psychosocial processes can be woven into routine history taking. If a patient asks about the relevance of this inquiry, a truthful response is, "I always ask my patients these questions as part of my initial assessment—it helps me determine the best way to help. The items may or may not apply to you." This psychosocial assessment will only be satisfactory if the patient is able to speak freely, which requires privacy, a lack of judgment or stigma, and sufficient time. Sensitive areas of discussion include abuse history, depressed mood, possible suicidal thoughts, and the nature of intimate relationships. These may require a second appointment for a full assessment.
The clinician should provide feedback about results of the overall evaluation and discuss treatment options, which can include medical and psychosocial approaches [55]. Consider referring patients with severe symptoms, previous treatment failure, poor treatment adherence, or marked disability to a clinician with special training in psychosocial assessment [55].

Changes in Symptom Severity, Frequency, or Treatment Response



When a plausible explanation for a change in symptoms or treatment response in patients with an established IBS diagnosis is lacking, it is important to assess for an underlying causal condition. Following a new physical examination, time since the last diagnostic workup should be considered. Changes in epidemiologic characteristics of the family should be assessed and recorded. IBS can include phases where symptom severity changes, and patients may perceive they have an inadequately explored organic disease. With these considerations, additional diagnostic testing should generally be limited to the presence of alarm symptoms or signs [44].



5. TREATMENT



Treatment of IBS should be directed at the dominant symptom type and severity [3]. In this section, interventions for all IBS subtypes (e.g., lifestyle, psychologic interventions, dietary, antidepressants) are discussed first, followed by therapeutic options specific to dominant symptom type (i.e., constipation, diarrhea, abdominal pain).
THE THERAPEUTIC RELATIONSHIP AND TREATMENT ADHERENCE



IBS treatment begins by explaining the condition, providing reassurance of the benign natural history, and educating the patient about the benefits and safety of diagnostic tests and treatment options [3]. Clinical experience suggests that providing the patient with a plausible disease model (e.g., "brain-gut disorder") and accepting patient symptoms and distress as real instead of dismissing them as "psychosomatic" helps to establish a positive therapeutic relationship. An approach that acknowledges the disease, educates the patient about the disease, and reassures the patient may improve treatment outcomes [125].
Steps to Enhance the Therapeutic Relationship



Healthcare professionals who repeatedly perform unnecessary diagnostic studies to rule out pathologic disease, dismiss patient concerns, or do not collaborate effectively in patient care can promote a vicious cycle of symptom anxiety and health care seeking [2]. Effective provider-patient relationships can improve patient satisfaction, treatment adherence, symptom reduction, and other health outcomes. General guidelines can help optimize this relationship with patients with IBS [2]. Patient satisfaction is based on a perception of healthcare providers' humaneness, technical competence, interest in psychosocial factors, and provision of relevant health information; over-emphasis on biomedical issues can have a negative effect. In addition to verbal communication, engagement involves nonverbal communication such as good eye contact, affirmative nods, a gentle tone of voice, close interpersonal distance, and creation of a partner-like interaction.
It is important to conduct the patient history using a nondirective, nonjudgmental, patient-centered approach. This involves active listening and asking questions based on the patient's thoughts, feelings, and experiences, instead of a preset agenda of questions. A good first step is to inquire regarding the reason for the appointment. Immediate reasons for a patient's visit may include [135]: 
      
	New or exacerbating factors (e.g., dietary change, concurrent medical disorder, side effects of new medication)
	Personal concern about a serious disease (e.g., recent family death)
	Personal or family stressors (e.g., recent or anniversary of death or other major loss, abuse event, or history)
	Worsening or development of psychiatric comorbidity (e.g., depression, anxiety)
	Impairment in daily function (e.g., recent inability to work or socialize)
	A hidden agenda (e.g., opioid or laxative abuse, pending litigation, disability claims)


The next step is a careful physical examination and investigation. Although this obviously assists in diagnosis and assessment of new complaints, a well-conducted physical examination itself has therapeutic value [136].
In the course of clinical assessment, it is important to pay attention to patient concerns and understanding of their illness and to provide an explanation of the disorder that takes into consideration the patient's own perspective and beliefs about their condition. When plausible, one should point out the link between stressors and symptoms consistent with patient's views. Many patients are unable or unwilling to associate stressors with illness, but most understand the impact of illness-related stress on their emotional state.
Patients should be given therapeutic options and be involved in treatment decision-making. When possible, treatment recommendations should be consistent with patient interests. Identifying and responding realistically to the patient's expectations for improvement can strengthen rapport. However, it is also important to set consistent limits, especially as related to pain management and opioid use.
Finally, patients should be reassured that care will continue and that they should expect an ongoing relationship. It can help to let patients know that many treatment options can be explored to help control IBS.

Steps to Enhance Therapy Adherence



Adherence is essential for the effectiveness of prescribed therapy, including dietary measures, lifestyle changes, and pharmacotherapy. A therapy regimen alone is often insufficient unless the patient understands and accepts the approach and agrees to follow it. This highlights the importance of a trust-based therapeutic relationship that promotes cooperation and empowers patient participation in decision-making and responsibility for self-care [44].
In addition to consideration of best-available therapeutic
          options, the following measures can facilitate patient engagement and adherence [44]: 
	Prescribing therapeutic regimens with the least number of effective daily
                doses
	Providing simple, easy-to-understand written information and reminders  
	Providing adherence "diaries" to the patient  
	Including information on the pathophysiology of the condition (according to
                education level) in patient education
	Including family members and caregivers who can positively reinforce patient
                behavior  


The importance of regularity should be stressed for constipation management. Some patients only use medication intermittently for exacerbations, which is less effective. Other patients avoid laxatives altogether due to false beliefs that laxatives induce dependence or may be ultimately dangerous.  


LIFESTYLE MODIFICATION



Limited data suggest that IBS symptoms may be improved by
        lifestyle modifications that include exercise, stress reduction, and good sleep habits [3]. Greater evidence supports dietary
        interventions.
Increased physical activity in patients with IBS has been
        found to improve GI symptoms and help protect against symptom deterioration [137]. In one study, exercise for 12 weeks
        significantly improved symptoms and extra-intestinal manifestations of IBS in 102 patients,
        while another 12-week exercise trial significantly improved constipation but not other IBS
        symptoms [137,138]. In adolescent patients with IBS, one hour
        of yoga daily for four weeks significantly improved symptoms [139].

Evidence Based Practice Recommendation

The National Collaborating Centre for Nursing and Supportive Care
          recommends drinking at least eight cups of fluid per day, especially water or other
          non-caffeinated drinks (e.g., herbal teas). Tea and coffee should be limited to three cups
          per day.
https://www.nice.org.uk/guidance/cg61

             Last Accessed: November 14, 2019
Level of Evidence: Consensus
          Statement/Expert Opinion


Other recommendations that may improve IBS symptoms include
          [118]: 
	Judicious water intake (particularly for patients with IBS-C)
	Caffeine avoidance
	Legume avoidance


Poor quality of sleep is relatively common in patients with IBS, and studies have shown that sleep difficulties predict next-day exacerbations, fatigue, and depressed mood [140]. Researchers have suggested autonomic nervous system dysregulation may be a common factor underlying both IBS symptoms and sleep disturbances. As such, patients should try to get enough sleep (at least seven to eight hours per night) and should keep good sleep hygiene (e.g., avoidance of electronics in the bedroom, going to sleep and rising at the same time every day).
Perceived high stress levels can also increase the risk for IBS exacerbations and increased symptoms [141]. Avoidance of high-stress situations, when possible, is recommended. However, psychologic interventions may also help provide effective stress-coping strategies.
Dietary Interventions



Dietary and Supplemental Fiber
Dietary fiber supplementation has long been the foundation of treatment in all patients with IBS, and IBS guidelines have consistently recommended dietary fiber by increasing fiber-rich foods or adding soluble fiber (usually Psyllium seed, but polycarbophil compounds may produce less flatulence) [44,118].
While evidence indicates that poorly fermentable, soluble fiber has modest benefits in reducing global IBS symptoms in patients with IBS-C with mild constipation, insoluble fiber may worsen abdominal pain and distension and has little benefit in patients with IBS-D. Wheat bran, in particular, can exacerbate problems of abdominal distention, abdominal pain, and flatulence and should be avoided [3,5,44]. If fiber is indicated, initiate soluble fiber at a very low dose and gradually increase to total daily intake of 20–30 g [5].
Gluten Restriction
Dietary restriction of gluten may improve symptoms in some patients with IBS. Two small prospective studies in patients with IBS, in which celiac disease was carefully excluded, demonstrated global symptom improvement [97,98].
Dietary FODMAP Restriction
Numerous short-chain carbohydrates, including lactose, fructose, and polyols, can provoke IBS symptoms [84,143,144]. These short-chain fermentable carbohydrates are collectively termed FODMAPs, and there is direct evidence (using magnetic resonance imaging) that some FODMAPs may induce IBS symptoms via increased small bowel water content or increased colonic gas production [84,143,144].
FODMAPs promote poor absorption in the small bowel and rapid fermentation in the colon. FODMAP is an acronym for [87]: 
      
	Fermentable
	Oligosaccharides (e.g., fructo-oligosaccharides, galacto-oligosaccharides, fructans, raffinose, inulin)
	Disaccharides (e.g., lactose, sucrose)
	Monosaccharides (e.g., fructose)
	AND
	Polyhydric alcohols (e.g., sorbitol, mannitol, xylitol, maltitol)


The most common sources of FODMAPs in the western diet are
          wheat, onions, fruit in which fructose exceeds glucose (e.g., apples, pears), and
          processed food. Dairy products are important in those with lactose malabsorption.
True lactose intolerance may induce IBS-like symptoms, but only with relatively high lactose loads (20 g) that are easily avoidable. Psychologic factors have a major influence on symptomatic responses to lactose intake [145,146].
Fructose is a monosaccharide abundantly present in many processed foods. The small bowel has a relatively limited absorptive capacity that particularly affects free fructose—the fraction in excess of the glucose that facilitates fructose absorption. High fructose loading can induce symptoms even in healthy individuals.
Polyols such as sorbitol, mannitol, and xylitol are naturally present in many fruits and vegetables and are added as artificial sweeteners to processed food products and pharmaceuticals. Polyols tend to induce bowel discharges from their stimulant effect on intestinal motility.
Dietary FODMAP restriction is associated with reduced fermentation and significant symptom improvement in some patients with IBS. In a randomized, controlled, single-blind cross-over trial, patients with IBS who had not previously tried dietary manipulation reported significant reduction in overall GI symptom scores compared with those on a standard Australian diet [87]. The complexity of the FODMAP diet makes implementation difficult, but this may be overcome by excluding only the major sources of FODMAPs (e.g., wheat, onions, dairy), avoiding processed food, and not focusing on items with small specific contribution [87]. Adding a gluten-free diet to patients with IBS already on a low FODMAP diet does not appear to offer additional benefit [147,148,149].
Probiotics
Manipulation of intestinal microbiota has promise as a potential therapy for gut dysbiosis to ameliorate symptoms of IBS and restore health. The concept of probiotics is more than 100 years old, and modern research methods are establishing empiric support for the perceived benefits of probiotic bacteria, which mainly include Lactobacillus and Bifidobacterium species [150].
Probiotics are live bacteria, selected on the basis of ability to survive in the GI tract, adhere to intestinal epithelium, and modulate intestinal flora. Probiotics promote gut health, prevent infection from intestinal pathogens, and prevent bacterial translocation by inhibiting potentially pathogenic bacteria, modulating or stimulating immune response, promoting immune cell proliferation, enhancing phagocyte activity, and increasing production of immunoglobulin A [44,151].
The therapeutic effects for patients with IBS may occur through multiple mechanisms. Bifidobacterium infantis 35624 led to significant improvements in abdominal pain/discomfort, bloating/distention, and/or bowel movement difficulty (vs. placebo) in two randomized controlled trials of patients with IBS [152,153]. A 2016 meta-analysis that included 43 clinical trials using different products found probiotics to offer benefits for global IBS symptoms, pain, bloating, and flatulence. However, the overall usefulness of these findings has been limited by use of different IBS diagnostic criteria and symptom measurement methods in published randomized controlled trials [154].
Prebiotics/Symbiotics
Prebiotics are food products that promote proliferation of bifidobacteria and other species potentially associated with anti-inflammatory effects (e.g., oligofructose, inulin, galacto-oligosaccharides, lactulose, breast milk oligosaccharides). Prebiotics do not seem particularly effective in IBS, possibly due to fermentation products that may themselves stimulate IBS symptoms. Trials for prebiotics are few in number, and no definite conclusions can be drawn [84].
Symbiotics aim to simultaneously produce synergic pro- and prebiotic effects, but evidence has not substantiated their theoretical benefits in IBS. Further evidence is required to establish the role of prebiotics or synbiotics in IBS [84].


PSYCHOLOGIC INTERVENTIONS



As discussed, psychologic factors can amplify pain perception and experience, and strong empirical evidence confirms that pain experience is powerfully influenced by pain catastrophizing, fear avoidance behavior, self-efficacy, lack of perceived control, and passive pain coping. Other psychosocial research has found that depression and anxiety mediate the effect of pain on impaired function and that trauma history can negatively influence pain experience, pain and stress coping, and the clinician-patient relationship. This all supports the utility of psychologic interventions in IBS management [62,155,156].
Psychologic interventions address the cognitive-affective and psychosocial variables that interact with, reinforce, and perpetuate the physiologic factors that are involved in symptom expression, symptom severity, and impact of the disease on other health outcomes (e.g., quality of life, health care use) [55].
Cognitive-Behavioral Therapy



CBT refers to a family of psychologic treatments rather than a specific technique. CBT is derived from behavior theories that focus on learning processes and cognitive theories that emphasize faulty cognitions or thinking processes. These same learning processes are used to help patients gain control and reduce symptoms of IBS. Cognitive theory views external events, cognitions, and behavior as interactive and bidirectional, with primary emphasis on how patients process information about their environment, self, and the future. Cognitive factors, especially the way people interpret or think about stressful events, can intensify the impact of events on patient response. Emotional, physiologic, and behavioral responses to life events will be problematic to the extent that thought processes are faulty. Clinically modifying patient thinking can change behavior and emotional and physical well-being. Cognitive changes can occur by teaching patients to systematically identify cognitive errors generated by automatic thinking, or by providing experiential learning that systematically exposes patients to the situations that cause discomfort [55,157].
Unlike traditional, insight-oriented "talk therapy," which identifies the root causes of a problem, CBT focuses on teaching people how to control their current problems by identifying the thoughts and behaviors that are maintaining them. CBT requires active patient participation during and between sessions and patient responsibility for learning symptom self-management skills. With IBS, CBT can include a combination of techniques such as self-monitoring, cognitive restructuring, problem solving, exposure, and relaxation methods [55].
Self-Monitoring
Self-monitoring is the ongoing, real-time recording of
          problem behaviors. In IBS, the focus of self-monitoring is internal and external triggers
          and the thoughts, somatic sensations, and feelings that usually accompany flare-ups.
          Self-monitoring provides clinically relevant information with which to structure treatment
          and serves as a useful therapeutic strategy by increasing patient awareness of triggers
          and contributing factors [55].
Cognitive Strategies
Cognitive strategies are designed to modify thinking errors that bias information processing (e.g., tendencies to overestimate risk and magnitude of threat or underestimate one's ability to cope with adversity). These self-defeating beliefs are clinically important because they are believed to moderate excessive stress experiences. Negative beliefs are identified, and the patient works with the healthcare provider to challenge and dispute them. This involves examining the accuracy of beliefs in light of available evidence and replacing biased beliefs with more logical and constructive cognitions [55].
Problem Solving
Problem solving refers to an ability to define problems, identify solutions, and verify their effectiveness once implemented. The intervention is rooted in the problem-solving model of stress, which acknowledges that a causal relationship exists between health and stressors. Using this model, the health or mental health professional teaches patients how to effectively apply the steps of problem solving to actively cope with stress [55,158].
Relaxation Procedures
Various relaxation techniques are effective in managing IBS symptoms, and relaxation procedures have long been a staple of psychologic treatments for functional GI disorders. These techniques, including progressive muscle relaxation, breath work, and meditation, are designed to directly modify autonomic arousal believed to aggravate GI symptoms [159].
Progressive muscle relaxation training involves systematically tensing and relaxing selected muscle groups throughout the body, from forehead to feet. This exercise helps patients dampen physiologic arousal and achieve a sense of mastery of physiologic self-control over previously uncontrollable and unpredictable symptoms [55,160].
In breathing retraining, the patient is taught to take slow, deep breaths and focus on bodily sensations during exhalation. This technique is based on the idea that patients with stress-related physical ailments develop inefficient respiratory patterns (e.g., shallow chest breathing), which, if chronic, can intensify physiologic arousal and increase somatic complaints [55,161].
Meditation is a self-directed practice that can emphasize focused breathing and mindfulness. Mindfulness is defined as purposefully paying attention in the moment without judgement. This nonjudgmental acceptance of thought processes allows the practitioner to achieve a state of calmness, physical relaxation, and psychologic balance. In mindfulness meditation for IBS, the patient disengages him/herself from the ruminative thoughts considered core aspects of pain and suffering by developing a nonreactive, objective, present-focused approach to internal experiences and external events as they occur [55,162]. Small studies have indicated that engagement in a mindfulness-based stress reduction program can ameliorate IBS symptoms, reduce stress, and improve patients' quality of life, with continued improvements evident after six months [163].
Hypnosis
In hypnosis, a therapist typically induces a trance-like state of deep relaxation and/or concentration using strategically worded verbal cues suggestive of changes in sensations, perceptions, thoughts, or behavior. Most hypnotic suggestions are designed to elicit feelings of improved relaxation, calmness, and well-being. Hypnotic suggestions in IBS are "gut directed," meaning suggestions are conveyed that are incompatible with aversive visceral sensation. Hypnosis might include a suggestion to feel a sense of warmth and comfort spreading throughout the abdominal area [55,164]. Hypnosis has shown some benefit in decreasing IBS symptoms in adults [165].
Exposure Therapy
Exposure therapy is designed to reduce catastrophic beliefs about IBS symptoms, hypervigilance for IBS symptoms, fear of IBS symptoms, and/or excessive avoidance of unpleasant visceral sensations or situations by helping patients confront maladaptive thoughts and beliefs in a systematic manner. Exposure can include interoceptive cue exposure (i.e., the patient repeatedly provokes unpleasant sensations) or situational/in vivo exposure (i.e., feared situations or activities are confronted). Through exposure treatments, patients learn the stimuli that led to fear and avoidance are neither dangerous nor intolerable and that fear will subside without resorting to avoidance, a behavior that reinforces fear and hypervigilance in the long-term [166,167]. In an experimental study of 13 patients with IBS, 70% improved on measures of GI symptoms, pain catastrophizing, and quality of life following 12 sessions of exposure therapy [168].
Efficacy of Psychologic Treatments
Periodic meta-analyses conducted over the past two decades have consistently demonstrated that psychologic therapies, as a class of treatments, are at least moderately effective for relieving symptoms of IBS when compared with a pooled group of control conditions. The Internet has been used as a treatment delivery platform to give a larger proportion of patients with functional GI disorder access to, and engagement in, therapy than would have been feasible through clinic-based treatment alone [169,170,171].
A 2016 meta-analysis investigated the duration of sustained benefit gained from psychologic therapy in reducing GI symptoms in patients with IBS. Forty-one trials recording data from 2,290 subjects (1,183 assigned to therapy, 1,107 assigned to a control condition) were analyzed. Compared with a mixed group of control conditions, psychologic therapies had a medium size effect on reducing GI symptom severity immediately after treatment. On average, subjects receiving psychotherapy had greater post-therapy reduction in GI symptoms than individuals assigned to a control condition. After short-term follow-up (1 to 6 months after treatment) and long-term follow-up (6 to 12 months after treatment), this beneficial effect remained significant and medium in magnitude [172].
For the most part, the efficacy of psychologic therapies for IBS has been demonstrated from studies conducted as freestanding clinical trials; less clear is the effectiveness of psychotherapy approaches within the context of general clinical practice. To assess this further, a systematic review was made of the types and effects of psychologic treatments for IBS conducted in gastroenterology clinic settings. In an analysis of seven eligible studies comparing psychologic treatments to controls, IBS symptoms improved significantly among patients in cognitive and behavioral therapies, mindfulness-based stress reduction, guided affective imagery, and emotional awareness training [210]. 


ANTIDEPRESSANT MEDICATIONS



Although antidepressants are used extensively in the treatment of IBS and other functional GI disorders, the accumulated clinical experience, lack of other effective treatment options, and evidence from other functional somatic syndromes such as fibromyalgia make these agents viable options for treating pain and improving quality of life in patients with IBS. In general, antidepressant medications should be reserved for patients with moderate-to-severe symptoms with significant impairment of quality of life for which other first-line treatments have not been sufficiently effective [173,174].
Choice of Agent



The choice of antidepressant agent is determined by the patient's predominant symptoms, disease severity, presence of comorbid anxiety or depression, prior experience with medications in the same class, and patient and prescriber preference. The three broad antidepressant classes most often used in IBS are tricyclic antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs), and serotonin-noradrenalin reuptake inhibitors (SNRIs) [55].
Tricyclic Antidepressants
TCAs such as amitriptyline, imipramine, desipramine, doxepin, and trimipramine are the most widely used psychotropic agents for treating neuropathic (e.g., postherpetic neuralgia, diabetic neuropathy) and functional (e.g., fibromyalgia) pain syndromes. Their analgesic effect is thought to be independent of antidepressant mechanisms and effects because TCAs can benefit patients with diverse pain syndromes in whom psychopathology is modest or absent and because they are often effective for pain at low (sub-psychiatric) doses [106,175,176].
In general, TCAs are the first antidepressant choice for
          pain in non-constipated patients with IBS due to their dual mechanism of action (serotonin
          and norepinephrine reuptake inhibition). Nortriptyline or desipramine is better tolerated
          than amitriptyline or imipramine due to fewer anti-histaminergic and anti-cholinergic
          effects. The usual starting dose is 25–50 mg at night and can be titrated up as needed up
          to about 150 mg/day, while carefully monitoring side effects and/or blood levels.
          Typically, lower doses than the full antidepressant dose are effective for visceral pain
          if no psychiatric comorbidity is present [55].
In one study, amitriptyline 10 mg/day in patients with IBS-D significantly improved overall IBS symptoms, reduced frequency of loose stool and feelings of incomplete defecation, and led to complete response (remission) in some [165,177].
SSRIs

Evidence Based Practice Recommendation

The American Gastroenterological Association (AGA) suggests against
            using selective serotonin reuptake inhibitors for patients with IBS.
https://www.gastrojournal.org/article/S0016-5085

             Last Accessed: November 14, 2019
Strength of Recommendation/Level of Evidence:
            Conditional recommendation/low-quality evidence 


SSRIs are less effective for pain and are less commonly prescribed as monotherapy for IBS. Review papers have arrived at different conclusions concerning SSRI utility in IBS treatment, with some authors concluding no convincing evidence has been reported for functional GI disorders and others reporting beneficial effects for overall IBS symptoms [3,93,165].
However, SSRIs are considered useful in patients with high levels of anxiety that contribute directly to IBS exacerbations and symptom severity. SSRIs and SNRIs have a more narrow therapeutic range, and therefore, the doses used for the treatment of pain are closer to the doses used for mood and anxiety disorders. Starting doses are usually within the lower range of the psychiatric dose (e.g., citalopram 20 mg or duloxetine 30 mg) and titrated up as needed [173,174,178].
A systematic review of SSRIs found benefits over placebo for overall IBS symptoms. Several clinical characteristics, including the predominant stool complaint, presence of insomnia, or comorbid anxiety, can influence antidepressant selection for individual patients with IBS [165].
SNRIs and Other Psychotropics
For SNRIs, especially venlafaxine, higher doses (≥225 mg) are usually required to attain effective analgesia because the noradrenergic mechanism of action is only evident at these doses. If nausea and weight loss are concerns, the addition of a low dose (15–30 mg) of mirtazapine can be helpful.
Atypical antipsychotics, such as quetiapine, are only recommended for patients with severe, refractory IBS, especially if severe anxiety and sleep disturbances are also present and the patient has failed to respond to other centrally acting agents. A low starting dose of 25–50 mg is recommended and can be titrated up as required [173,174].

Augmentation of Therapy



Augmentation, or the use of a combination of drugs from different classes in submaximal doses instead of one drug at a maximal dose, is common in psychiatry and is increasingly used in the treatment of functional GI disorders. Examples of augmentation include adding buspirone to an SSRI, TCA, or SNRI to enhance therapeutic effect, or adding a low-dose antipsychotic (e.g., quetiapine) to a TCA or SNRI to reduce pain and anxiety and improve sleep. If there is a component of abdominal wall pain associated with the GI pain, pregabalin or gabapentin can be added to a TCA or SNRI [173,174].
Combination Antidepressant and Psychologic Treatment
Combining antidepressants with psychologic therapy can be an effective augmentation strategy. Antidepressants can improve pain and vegetative depression symptoms, and psychologic therapy improves higher cortical functioning, including coping, reappraising maladaptive cognitions, and adapting to previous losses and trauma. Psychotherapy can optimize medication adherence, while antidepressants can sufficiently increase physical and psychic energy to improve the level of engagement in therapy. The difference in effect size with combined treatment can exceed 50% compared to either treatment alone [106,179,180,181].
Although drugs work faster and are readily available, psychologic treatments have several advantages. They are safe and effective, their effects persist beyond the duration of the treatment, and they may be more cost-effective. Potential barriers to the use of psychologic approaches in the treatment of IBS are a longer treatment duration, the need for patient motivation, and limited availability and access to a mental health professionals trained in IBS treatment [55,182].

Adherence



Careful patient selection, initiation at a low dose with gradual escalation, monitoring for side effects, and a good patient-clinician relationship are important for medication adherence and, by extension, therapeutic response. In particular, eliciting and addressing any potential concerns/barriers to taking psychotropic medications for IBS, discussing potential side effects, setting realistic expectations, and involving the patient in decision making result in improved adherence [55,174].


DIARRHEA-PREDOMINANT IBS



Chronic diarrhea in IBS is usually associated with a non-infectious cause, and symptomatic drug therapy is indicated when definitive treatment is unavailable. Pharmacologic agents for IBS-D are diverse in mechanism of action, and prescribing these agents requires proper diagnosis and differential diagnosis in order to ensure effectiveness [183].
Mu Opioid Receptor Agonists



Loperamide is a synthetic, peripheral-acting mu opioid receptor agonist with limited ability to penetrate the blood-brain barrier (and therefore limited abuse potential). It decreases peristaltic activity, inhibits secretion, increases water and ion absorption, reduces colonic transit, and increases resting anal sphincter tone. This results in reduced fluid and electrolyte loss and improved stool consistency [93,183]. Loperamide is available over the counter.
Diphenoxylate is another mu opioid receptor agonist, but unlike loperamide, it can cross the blood-brain barrier and is therefore combined with atropine to reduce abuse potential. Both of these agents are effective in reducing diarrhea in general, but research for the treatment of IBS-D is not well developed [93].
Several small randomized controlled trials of loperamide in IBS-D have shown reduced bowel frequency and improvements in stool consistency, urgency, and subjective overall response. Pain outcomes were mixed, with reduced pain intensity or increased nightly abdominal pain both reported in separate trials [3,183]. However, loperamide may improve quality of life by allowing the planning of trips and socializing, which anxious patients with IBS-D often avoid for fear of fecal urgency or even incontinence [87].
Adverse effects with loperamide or diphenoxylate are rare, but include bladder dysfunction, glaucoma, and tachycardia. These may be more likely with diphenoxylate due to the atropine constituent [93].

Bile Acid Binders (Sequestrants)



As discussed, the underlying pathophysiology in some patients with IBS-D is bile acid perfusion into the colon, and bile acid sequestrants are used as treatment for these patients. Cholestyramine is the agent generally considered first-line treatment for IBS-D with bile acid diarrhea [3,183]. Other options include colesevelam and colestipol. Cholestyramine granules are often poorly tolerated due to poor taste and adherence to the teeth [93].

Nonabsorbable Antibiotics



Antibiotics have traditionally been used as adjunctive IBS treatment. However, they are associated with systemic side effects, and there are concerns of promoting antibiotic-resistant microbes [184].
Rifaximin is a synthetic antibiotic derived from rifamycin and has anti-microbial activity against Gram-positive, Gram-negative, aerobic, and anaerobic bacteria. It is not absorbed by the intestinal mucosa, allowing intraluminal activity without systemic circulation and effects [185]. Rifaximin targets the GI tract to reduce gas-producing bacteria and alter the predominant bacterial species; it may also reduce mucosal inflammation and visceral hypersensitivity [93].

Evidence Based Practice Recommendation

The AGA suggests using rifaximin (over no drug treatment) in patients
          with IBS-D.
https://www.gastrojournal.org/article/S0016-5085(14)01089-0/pdf

             Last Accessed: December 11, 2018
Strength of Recommendation/Level of Evidence:
        Conditional recommendation/moderate-quality evidence


In 2015, rifaximin was approved by the FDA for the
          treatment of IBS-D in adults [93].
          Clinical trials have demonstrated that rifaximin improved IBS-associated symptoms of
          bloating, flatulence, stool consistency, and abdominal pain. The drug showed a side-effect
          profile similar to placebo. Some patients experience relief of IBS symptoms after a course
          of rifaximin, while others require retreatment at the same dosage [184,186]. Improvement in symptoms relative to placebo showed a gradual
          reduction over time, but significant improvement persisted for 10 weeks after the
          treatment course [3]. The usual dosage is
          550 mg three times per day for 14 days [93].
Clinical experience suggests that many rifaximin responders eventually develop recurrent IBS symptoms. Data from re-treatment patients suggest that second and third courses produce efficacy similar to the initial course. The role of other antibiotics in IBS treatment remains unknown, but antimicrobial resistance with repeated courses of systemically absorbed antibiotics is a concern [5]. Overall, rifaximin appears to be safe and beneficial as a management option for IBS-D, although optimal dosing and treatment duration and potential resistance require further study [184,186].

5-HT3 Receptor Antagonists



Serotonin (5-HT) plays an important physiologic and pathophysiologic role in regulating GI function [187]. As such, 5-HT3 receptor antagonists (5-HT3RAs) can be effective treatment for IBS-D by slowing transit, reducing bowel frequency, normalizing stool consistency, and reducing urgency—a key symptom that impairs quality of life in patients with IBS-D [87].
Randomized controlled trials have found the potent, selective 5-HT3RAs alosetron and cilansetron may be effective in the treatment of IBS-D. However, alosetron was voluntarily withdrawn due to postmarketing reports of ischemic colitis (a potentially serious class-wide adverse event) and complications of constipation, while cilansetron was never marketed [187]. Alosetron was subsequently reintroduced to market and is currently available for women with severe IBS-D refractory to conventional therapy under an FDA Risk Evaluation and Mitigation Strategy program [188]. Alosetron is effective at relieving pain and reducing stool frequency and rectal urgency in women with IBS-D [3].
The 5-HT3RA ramosetron has also been studied as IBS-D therapy but has not received FDA approval. Ramosetron reduces defecation induced by corticotropin-releasing hormone and inhibited colonic nociception in preclinical studies. In randomized controlled trials of patients with IBS-D, ramosetron increased patient rates of global IBS symptom relief. In trials limited to male patients with IBS-D, ramosetron was as effective as mebeverine (an agent approved outside the United States) in improving stool consistency, relieving abdominal pain/discomfort, and improving health-related quality of life. Ramosetron shows a lower incidence of constipation versus other 5-HT3RAs and has not been associated with ischemic colitis [187]. In data stratified by sex, women reported significant relief of IBS symptoms only after two months, while men reported significant relief of IBS symptoms at all time points. Reasons for these differences are unknown [21].
The much less potent 5-HT3RA ondansetron (4 mg/day, range 2–6 mg/day) has also been found highly effective at improving stool consistency, reducing stool frequency, and reducing urgency. In one study, 70% with ondansetron (versus 16% with placebo) reported adequate IBS-D symptom relief. Worth noting is that ondansetron has been used for more than two decades without reports of ischemic colitis and has an excellent safety record; these features are important for IBS therapy selection [87].

Eluxadoline



Eluxadoline was approved in 2015 for IBS-D treatment in adults. This drug has therapeutic activity as a mixed mu-opioid receptor agonist and delta-opioid receptor antagonist, a novel mechanism of action developed to control GI function and decrease GI pain while mitigating the constipating effects of unopposed mu receptor agonist activity [21,87].
FDA approval of eluxadoline was based on two multi-center, multi-national randomized controlled trials with 2,426 patients with IBS-D receiving twice-daily eluxadoline (75 mg or 100 mg) or placebo for 26 weeks. Therapeutic response was defined as concurrent improvement in diarrhea (using the BSFS) and abdominal pain. In both trials, the proportion of patients with reduced abdominal pain and improved stool consistency was significantly higher with eluxadoline than placebo, at both doses. Eluxadoline reduced IBS-D symptoms in men and women, and efficacy was sustained over six months with the 100-mg, twice daily dose. The most common adverse events were nausea (8%), constipation (8%), and abdominal pain (5.0%) [189,190].
A small but definite risk (0.3%) of acute pancreatitis resulted from sphincter of Oddi spasm; all patients who developed this adverse effect had a history of cholecystectomy or significant ethanol consumption. Eluxadoline should be used at the lower dose with careful monitoring in these patients, who should also receive education of the risk [3,87].

Mast Cell Stabilizers



In patients with IBS-D, jejunal mucosal biopsies have shown mast cell activation and hyperplasia, providing the theoretical basis for possible benefits with mast cell stabilizers [191]. Disodium cromoglycate and ketotifen act primarily by stabilizing the plasma membrane of mast cells and have been evaluated in the treatment of IBS-D [93].
In a six-month trial of disodium cromoglycate for IBS-D, jejunal biopsies showed reduced release of tryptase and reduced expression of toll-like receptor 2 and 4, and patients showed clinical improvement of bowel function [192]. In an earlier trial of patients with IBS-D with food intolerance, disodium cromoglycate (250 mg, four times per day) plus exclusion diet was associated with prolonged symptomatic benefit compared with exclusion diet alone [193,194].
Ketotifen is a mast cell stabilizer with antihistamine properties that showed substantial improvement in patients with IBS despite no effect on mast cell parameters [195]. Further research suggests the effects mediated by histamine-blocking properties, and ketotifen may also be used in the treatment of abdominal pain-predominant IBS.

Muscarinic Type 3 Receptor Antagonists



Muscarinic type 3 (M3) receptor antagonists have beneficial effects in chronic diarrhea that include delayed small bowel and colonic transit, reduced rectal sensitivity, and reduced enterocyte secretion [93]. Preliminary evidence suggests greatest benefit with otilonium in IBS-D, with benefits shown in increased sensory thresholds to colonic volume and pressure, and reduction in abdominal pain [93,196]. Otilonium is investigational in the United States.

Glutamine



Patients with IBS-D have increased gut permeability, and symptomatic patients with IBS have decreased intestinal glutamine synthetase levels. In a preliminary report of a placebo-controlled trial of 10 g glutamine three times per day in 61 patients, the glutamine arm was associated with improved abdominal pain, bloating, and diarrhea and restored intestinal permeability [93,197].

Summary



During clinical development, rifaximin and eluxadoline demonstrated significant improvement in IBS-D endpoints versus placebo. In the absence of comparative randomized controlled trials, direct comparisons of alosetron, rifaximin, and eluxadoline efficacy cannot be made, but general efficacy estimates suggest similar and responses using outcome measures of adequate relief and combined improvements in abdominal pain/stool form. Clinical use of these agents is suggested to follow a sequential scheme that considers patient symptoms and severity, prior medical history, mode of action, cost, availability, managed care coverage, and adverse event profiles [198].


CONSTIPATION-PREDOMINANT IBS



Constipation is one of the most common functional bowel disorder symptoms encountered in primary care and specialty practices. IBS-C and other disorders of chronic constipation are associated with significant medical costs and a negative impact on quality of life [199].
Laxatives



Osmotic laxatives contain nonabsorbable ions or molecules that retain water in the bowel lumen. Polyethylene glycol (PEG), lactulose, and magnesium salts are most commonly used. Osmotic laxatives are generally useful to treat constipation but can promote or worsen abdominal pain and distension in IBS and are not recommended [44].
Stimulant laxatives promote water and electrolyte secretion in the colon or induce colonic peristalsis. They include diphenylmethanes (phenolphthalein, bisacodyl, sodium picosulfate) and anthraquinones (Senna, bearberry, Aloe vera). While useful for constipation, they can worsen abdominal pain and distension in patients with IBS [44]. In patients with IBS-C, a randomized controlled trial of PEG vs. placebo found stool frequency, stool consistency, and straining were improved, but abdominal pain and bloating were unimproved during the four-week study [142].

Secretagogues



Secretagogues act through different pharmacologic mechanisms to stimulate chloride release into the intestinal lumen, which stimulates intestinal fluid secretion to counteract constipation symptoms in IBS-C [200]. The most commonly used agents are lubiprostone and linaclotide.
Lubiprostone
Lubiprostone is a prostaglandin-derived fatty acid that activates intraluminal chloride channels and chloride ion secretion. This leads to a passive influx of water and sodium, which increases intestinal peristalsis and colonic laxation and decreases intestinal stool transit time. Lubiprostone does not affect pain thresholds during rectal distension [5,87].
In patients with IBS-C, lubiprostone has proven effective in reducing constipation symptoms, but reduction of abdominal pain is much more modest (7% greater than placebo) and generally develops after one month of therapy. Side effects mostly involve mild-to-moderate nausea and diarrhea, and lubiprostone should be taken with food to limit dose-dependent nausea [3,5].
Lubiprostone is approved for the treatment of chronic constipation and opioid-induced constipation for men and women at 24 mcg twice daily, and for IBS-C in women at 8 mcg twice daily. No dosage adjustment is required in patients with impaired renal function [44]. Additional research may expand its clinical use [87,199].
Linaclotide
Linaclotide binds and activates guanylate cyclase C (GC-C) receptors expressed locally on the luminal surface of intestinal epithelium. GC-C receptor activation increases cyclic guanosine monophosphate concentrations, which activates the cystic fibrosis transmembrane conductance regulator to stimulate secretion of chloride and bicarbonate into the intestinal lumen. This leads to increased intestinal fluid and accelerated stool transit [87,189].

Evidence Based Practice Recommendation

The AGA recommends using linaclotide (over no drug treatment) in
            patients with IBS-C.
https://www.gastrojournal.org/article/S0016-5085
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Strength of Recommendation/Level of Evidence:
            Strong recommendation/high-quality evidence 


In patients with IBS-C, randomized controlled trials have shown highly similar results across studies. Improvements in constipation, abdominal pain, discomfort or bloating, and stool consistency were 15% to 30% greater compared with placebo. These benefits persisted for 26 weeks. Diarrhea, the most commonly reported adverse event, occurred in 19.7% of participants and led to drug discontinuation in 4.5%. Efficacy and safety were similar in elderly and middle-aged adults [44,87,186]. Patients should take linaclotide (290 mcg) 30 to 60 minutes before breakfast to minimize the chance of diarrhea [5].
While lubiprostone and linaclotide led to improvements in stool frequency, constipation severity, and abdominal pain/discomfort in IBS-C, the relatively low response rates, higher costs, and adverse effects generally limit these agents to second-line therapy in IBS-C [201].

5-HT4 Receptor Agonists



5-HT4 receptors are expressed on enteric neurons and in cardiac tissue. 5-HT4 receptor agonists (5-HT4RAs) facilitate fast excitatory cholinergic synaptic transmission between enteric neurons, which stimulates GI motility and secretion [93]. Prucalopride, mosapride, and three other 5-HT4RAs (velusetrag, naronapride, and YKP10811) are in development for IBS-C treatment. These drugs have greater cardiovascular safety compared with older 5-HT4RAs due to higher specificity at intestinal 5-HT4 receptors and low intrinsic activity in cardiac muscle. These agents are expected to show efficacy in IBS-C, but this awaits confirmation by large randomized controlled trials [93].


ABDOMINAL PAIN-PREDOMINANT IBS



Antispasmodics (Spasmolytics)



Abnormal contraction of smooth muscle within the colon and the GI tract underlies pain and other IBS symptoms in some patients, providing the rationale for using agents that relax smooth muscle [21]. Spasmolytics fall into three groups based on mechanism of action [44,202]: 
      
	Calcium channel blockers (e.g., alverine, otilonium, pinaverium bromide)
	Direct smooth muscle relaxants (e.g., mebeverine)
	Antimuscarinic/anticholinergic agents (e.g., hyoscine, cimetropium bromide, dicyclomine hydrochloride)


A review of 23 randomized controlled trials using various antispasmodics found that these agents improved IBS symptoms to a greater extent than placebo, but efficacy of individual antispasmodics varied. Only otilonium (investigational), hyoscine bromide, cimetropium bromide, pinaverium bromide, and dicyclomine showed significant improvements beyond placebo [196,203].
Antispasmodic drugs with anticholinergic or
          calcium-channel blocking mechanisms are used for relieving diarrheal symptoms, abdominal
          pain and distension, and spasms in all IBS subtypes. However, anticholinergic agents may
          be better tolerated in patients with IBS-D [5,183]. Otilonium and
          hyoscine have the best evidence of efficacy, and otilonium bromide is the most effective
          agent in preventing IBS symptom recurrence. Some patients with IBS have an exaggerated
          gastrocolic reflex that is in part cholinergic-mediated, and spasmolytics may be best
          suited for postprandial abdominal cramping and loose stools in these patients [5].
The most commonly reported adverse effects associated with spasmolytics include dry mouth, dizziness, and blurred vision; serious adverse events are rare. Spasmolytics with greater anticholinergic activity are more likely to induce blurred vision, urinary retention, constipation, and dry mouth. Anticholinergics should be avoided in the elderly and in patients with a history of acute myocardial infarction or hypertension. Use during pregnancy and breastfeeding is not recommended [5,44].

Peppermint Oil



Peppermint oil possesses a calcium-channel blocking mechanism and is classified as an antispasmodic [5]. The spasmolytic properties of peppermint oil may modulate pain by attenuating visceral hypersensitivity [44]. Two systematic reviews found peppermint oil superior to placebo in the management of IBS pain [203,204]. A 2014 review evaluated five trials enrolling a total of 482 patients and showed a statistically significant positive effect of peppermint oil over placebo [203].
Although peppermint oil is typically well tolerated, with no significant side effects reported with standard doses (250–750 mg two to three times/day), some patients may experience reflux symptoms, and allergic reactions, heartburn, and headache have been described [5]. Peppermint oil is available over the counter, and enteric-coated capsules are preferred [44].

Linaclotide



Linaclotide (290 mcg daily) demonstrated improvement in abdominal pain in two large, phase 3 studies in IBS-C, with one trial extending treatment out to 26 weeks [93].

Antidepressants



As discussed, antidepressants are commonly used to treat pain symptoms associated with chronic functional GI disorders, including IBS. In a Cochrane review, the TCAs desipramine (25–100 mg at bedtime) and amitriptyline (10–50 mg at bedtime) demonstrated some global improvements of abdominal pain [93].

Pregabalin



Pregabalin, an a2d ligand that inhibits release of a number of excitatory neurotransmitters, may alleviate visceral pain in patients with IBS [106,205]. Pregabalin increases distension sensory thresholds to normal levels in patients with IBS with rectal hypersensitivity. Studies are in progress to evaluate efficacy in centrally mediated abdominal pain syndrome (formerly termed functional abdominal pain syndrome) [93].

Histamine H1 Receptor Antagonists



Ketotifen
Ketotifen is a mast cell stabilizer with antihistamine properties. An eight-week randomized controlled trial showed evidence of improved pain, bloating, flatulence, diarrhea, quality of life, sleep, and sexual functioning in patients with IBS-D, despite lack of reduction in mast cell mediators [195]. The underlying mechanism of action was identified as histamine H1 receptor antagonism, which helped prompt further study of H1 receptor antagonists in patients with IBS [206].
Ebastine
Evidence suggests disordered GI motility, psychosocial distress, and visceral hypersensitivity converge on common pathways, including transient receptor potential cation channel subfamily V (TRPV). TRPV expressed on sensory neurons throughout the gut produces pain when activated by inflammatory mediators [207].
Researchers examined colorectal biopsies of patients with IBS and found greater TRPV-4 metabolite levels, which correlated with abdominal pain and bloating severity, and significantly greater nervous tissue and nerve growth mediators [207]. From these discoveries and results of ketotifen in the treatment of IBS, the histamine H1 receptor antagonist ebastine was studied for possible effects on visceral pain and hypersensitivity in 56 patients with IBS, randomized to ebastine (20 mg/day) or placebo. Over 12 weeks, a significant reduction of abdominal pain was found with ebastine compared to placebo and to baseline. Significantly more patients treated with ebastine (vs. placebo) had at least considerable relief of symptoms (46% vs. 12%) and lower mean abdominal pain scores (0–100 scale: ebastine 38, placebo 62). Quality of life was significantly improved on all IBS-QOL subscales in the ebastine group compared with baseline and placebo [206,207].
Hypersensitive and normosensitive subgroups did not differ in ebastine response. Visceral pain response, as measured by rectal distension, had no association with clinical response, showing barostat findings as an invalid outcome measure. Most importantly, this study suggests H1-receptor blockade may represent an effective treatment for IBS abdominal pain regardless of subtype. This is encouraging given the lack of targeted treatments for visceral hypersensitivity and abdominal pain in IBS [206,207].

Fecal Microbial Transplantation



Fecal microbiota transplants have been used in the last decade for severe cases of Clostridium difficile infection, with success rates greater than 90%. Fecal microbiota transplants may be a therapeutic option for severe refractory IBS or inflammatory bowel disease, but current FDA regulations limit use to the treatment of severe C. difficile infection [208].
In a randomized, double-blind placebo-controlled trial involving 52 adult patients with moderate-to-severe IBS, fecal microbiota transplantation successfully altered gut flora in patients with IBS, but patients in the placebo group experienced greater symptom relief after three months than did patients in the treatment group [211]. The authors concluded that altering gut microbiota is not an effective means of obtaining symptom improvement in patients with IBS. A 2019 literature review and meta-analysis, conducted to evaluate the combined outcome of improvement in global IBS syndrome, found no significant difference at 12 weeks in fecal microbiota transplantation versus placebo [212].
Concerns over introducing pathologic organisms must be addressed before fecal microbiota transplant is approved in clinical management of inflammatory bowel disease. An example is the case of a female patient with C. difficile infection who received fecal microbiota transplant from an obese person and subsequently became obese herself [208].


SPECIALIST REFERRAL



Specialist referral from primary care should be considered for patients with IBS who do not respond or are intolerant to management with dietary and lifestyle changes, common laxatives, spasmolytics, or antidepressants [44]. Referral is also indicated if defecation dysfunction is suspected, there is unexplained worsening in clinical status, or there is an unambiguous need for a second expert opinion.  


6. CONSIDERATIONS FOR NON-ENGLISH-PROFICIENT PATIENTS



As a result of the evolving racial and immigration demographics in the United
      States, interaction with patients for whom English is not a native language is inevitable.
      Because patient education is such an important aspect of the care of patients with IBS, it is
      each practitioner's responsibility to ensure that information and instructions are explained
      in such a way that allows for patient or caregiver 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 many
      cases, the terms "interpreting" and "translating" are used interchangeably, but interpreting
      is specifically associated with oral communication while translating refers to written text.)
      Frequently, this may be easier said than done, as there may be institutional and/or patient
      barriers.
Depending upon the patient's language, an interpreter may be difficult to
      locate. Or, an organization may not have the funds to bring in an interpreter. Also, bringing
      in an interpreter creates a triangular relationship with a host of communication dynamics that
      must be negotiated. Many view interpreters merely as neutral individuals who communicate
      information back and forth. However, another perspective is that the interpreter is an active
      agent, negotiating between two cultures and assisting in promoting culturally competent
      communication and practice. In this more active role, the interpreter's behavior is also
      influenced by a host of cultural variables such as gender, class, religion, educational
      differences, and power/authority perceptions of the patient. Consequently, an intricate,
      triangular relationship develops between all three parties. Another factor affecting the
      communication process is the fact that many interpreters are not adequately trained in the art
      of interpretation in mental health and general health settings, as there are many technical
      and unfamiliar terms. An ideal interpreter goes beyond being merely proficient in the needed
      language/dialect. Interpreters who are professionally trained have covered aspects of ethics,
      impartiality, accuracy, and completeness. They are also well-versed in interpreting both the
      overt and latent content of information without changing any meanings and without interjecting
      their own biases and opinions. Furthermore, knowledge about cross-cultural communication and
      all the subtle nuances of the dynamics of communicating in a mental health or general health
      setting is vital.
On the patients' side, they may be wary about utilizing interpreters for a
      host of reasons. They may find it difficult to express themselves through an interpreter. If
      an interpreter is from the same community as the patient, the patient may have concerns about
      sharing private information with an individual who is known in the community and the extent to
      which the information disclosed would remain confidential. In some cases, raising the issue of
      obtaining an interpreter causes the patient to feel insulted that their language proficiency
      has been questioned. Finally, if an interpreter is from a conflicting ethnic group, the
      patient may refuse having interpreter services. The ideal situation is to have a well-trained
      interpreter who is familiar with health and mental health concepts.
If an interpreter is required, the practitioner must acknowledge that an
      interpreter is more than a body serving as a vehicle to transmit information verbatim from one
      party to another. Instead, the interpreter should be regarded as part of a collaborative team,
      bringing to the table a specific set of skills and expertise. Several important guidelines
      should be adhered to in order to foster a beneficial working relationship and a positive
      atmosphere.
A briefing time between the practitioner and interpreter held prior to the
      meeting with the patient is crucial. The interpreter should understand the goal of the
      session, issues that will be discussed, specific terminology that may be used to allow for
      advance preparation, preferred translation formats, and sensitive topics that might arise. It
      is important for the patient, interpreter, and practitioner to be seated in such a way that
      the practitioner can see both the interpreter and patient. Some experts recommend that the
      interpreter sit next to the patient, both parties facing the practitioner.
The practitioner should always address the patient directly. For example, the
      practitioner should query the patient, "How do you feel?" versus asking the interpreter, "How
      does she feel?" The practitioner should also always refer to the patient as "Mr./Mrs. D"
      rather than "he" or "she." This avoids objectifying the patient.
At the start of the session, the practitioner should clearly identify his/her
      role and the interpreter's role. This will prevent the patient from developing a primary
      relationship or alliance with the interpreter, turning to the interpreter as the one who sets
      the intervention. The practitioner should also be attuned to the age, gender, class, and/or
      ethnic differences between the patient and the interpreter. For example, if the patient is an
      older Asian male immigrant and the interpreter is a young Asian woman, the practitioner should
      be sensitive to whether the patient is uncomfortable given the fact he may be more accustomed
      to patriarchal authority structures. At the conclusion of the session, it is advisable to have
      a debriefing time between the practitioner and the interpreter to review the session.
In this multicultural landscape, interpreters are a valuable resource to help
      bridge the communication and cultural gap between 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. In any case in which
      information regarding diagnostic procedures, treatment options and medication/treatment
      measures are being provided, the use of an interpreter should be considered.

7. CONCLUSION



IBS is common in the general population and has a significant medical and socioeconomic impact. Standard management of IBS has involved psychologic support, dietary measures, and pharmacotherapy directed at symptoms. IBS has long been considered a notoriously difficult condition to manage, because the pathophysiology has been poorly understood. Advances in the understanding of the disease's etiology and pathophysiology are informing the use of novel treatment approaches. This course has reviewed current concepts of pathogenesis, diagnosis, and treatment to provide clinicians with the information necessary to appropriately diagnose and treat IBS and improve patients' quality of life.

8. RESOURCES



American College of Gastroenterology
https://gi.org

American Gastroenterological Association
https://www.gastro.org

International Foundation for Functional Gastrointestinal
          Disorders
https://www.iffgd.org
https://www.aboutibs.org

National Institute of Diabetes and Digestive and Kidney
          Diseases
https://www.niddk.nih.gov/health-information/digestive-diseases/irritable-bowel-syndrome

North American Society for Pediatric Gastroenterology,
          Hepatology, and Nutrition
https://naspghan.org

The Rome Foundation
https://theromefoundation.org

Society of Gastroenterology Nurses and
        Associates
https://www.sgna.org
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        Opioid analgesic medications can bring substantial relief to patients suffering from pain.
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        clinicians must understand, identify, and manage these potential responses. This course will
        cover the various available opioid options for the treatment of pain of varying severity,
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This course will offer an extensive overview of opioids and their use in pain medicine.
        Opioid analgesic medications can bring substantial relief to patients suffering from pain.
        The patient population receiving opioid therapy for pain is diverse and exhibits a broad
        range of behavioral responses to opioids. To provide appropriate treatment of pain,
        clinicians must understand, identify, and manage these potential responses. This course will
        cover the various available opioid options for the treatment of pain of varying severity,
        with an emphasis on appropriate matching of opioid agents to patients.
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This course is designed for physicians, physician assistants, nurses, pharmacists, and
        other healthcare professionals involved in the care of patients who may benefit from the use
        of opioids to address pain.

Course Objective



The purpose of this course is to provide clinicians with the information necessary to choose the appropriate opioid agents for their patients, with a resultant improvement in patients' quality of life and compliance with prescribed treatments.
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Upon completion of this course, you should be able to:
	Define terms often used in discussion of opioid prescribing.
	Analyze common myths related to opioid analgesic safety.
	Recall the epidemiology of pain.
	Outline the individual and societal impact of undertreated pain.
	Describe risk factors for and comorbidities of chronic pain.
	Evaluate barriers to adequate pain care.
	Describe the endogenous opioid system and effects of opioid analgesia.
	Discuss the classification and properties of the various mu opioid receptor full agonist agents.
	Compare and contrast other types of opioid analgesics and antagonists.
	Identify pharmacokinetic factors in opioid analgesic response.
	Outline the Centers for Disease Control and Prevention's (CDC's) guidelines for opioid prescribing for chronic pain.
	Recall other general recommendations for safe and effective long-term opioid use for chronic pain.
	Identify patient factors that affect opioid analgesic response.
	Describe issues that affect choices regarding opioid selection, rotation, and titration.
	Discuss the identification and appropriate treatment of opioid analgesic side effects.
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1. INTRODUCTION



Opioid analgesics are approved by the U.S. Food and Drug Administration (FDA) for the treatment of moderate or severe pain. However, individual patients differ greatly in clinical response (e.g., efficacy, side effects, safety) to different opioid analgesics, and patient populations show widely variable response to the same opioid and dose [1]. These response variations make opioid prescribing challenging. Scientific advances have improved the understanding of how opioid response is conditioned by genetic factors, comorbidity, drug interactions, and opioid dynamics and/or kinetics. Informed health professionals are now better able to match patients with a selected treatment option to maximize safety, efficacy, and tolerability when prescribing opioid analgesics.
The important role of opioid analgesics is broadly accepted in acute pain, cancer pain, and palliative and end-of-life care, but it is controversial for the management of chronic noncancer pain [2]. As of 2017, the climate surrounding opioid analgesics is decidedly negative, a response to the excessive prescribing and increases in fatal overdose during the 2000s. This backlash has prompted concerted broadcasting of opioid analgesic public health hazards, culminating in the 2016 Centers for Disease Control and Prevention (CDC) opioid prescribing guidelines that focus on curtailing prescribing and patient access [3,4]. However, guidance on improving prescription opioid analgesia and tolerability by carefully matching the patient to the selected opioid, unaddressed in the CDC guidelines, is also essential for effective treatment of pain [5,6].
Prescription opioid analgesic use and overdose both appear to be in multi-year declines from their 2011 peak [7]. This course will provide perspective and address common misperceptions of opioid analgesic safety and potential benefits in order to help establish the basis for a balanced risks/benefits discussion and convey that with appropriate due diligence, opioid analgesics can be prescribed safely to benefit patients in pain who lack response to, or are unlikely to benefit from, other analgesics.
Opioids are not a panacea for pain, nor are they safe and effective for every patient. However, they can be a useful tool, and knowledge of medical advances can give clinicians greater confidence to safely and effectively prescribe these drugs. In this course, chronic pain management is emphasized because the potential patient/opioid interactions are more complex and current guidance can be enhanced. Unless stated otherwise, this course focuses on noncancer pain.

2. DEFINITIONS



Acute pain: Pain from tissue injury that resolves with tissue healing [16]. Acute pain may be protracted without mechanistic conversion to chronic pain, resolving with treatment [17].
Addictive drug: A disproven concept that some drugs are inherently "addictive." Addiction results from individual susceptibility and not from a substance. Most people do not respond with addictive behavior when prescribed opioids with abuse potential, while predisposed persons may abuse any opioid analgesic [9,10,11].
Analgesic tolerance: Diminished or lost analgesia requiring dose titration to regain pain relief. A concerning complication in long-term opioid therapy, long-term trials of transdermal fentanyl or extended-release (ER) oxycodone suggest analgesic tolerance is much less frequent and clinically relevant than previously believed [8].
Centralized pain: Refers to peripheral and central sensitization without detectable peripheral origin and includes fibromyalgia, irritable bowel syndrome, and tension-type headache. Also known as dysfunctional pain.
Central sensitization: The process by which pain initially generated from peripheral injury becomes embedded in the central nervous system (CNS) through pathologic adaptation to become self-perpetuating and amplified, uncoupled from original tissue origin, very difficult to treat, and potentially intractable [19].
Chronic pain: Pain lasting longer than three months or longer than expected healing time. Previously, chronic pain has been conceptualized as merely the continuation of acute pain beyond a chosen temporal cut-off point, a notion now considered overly simplistic. The transition from acute to chronic pain is now understood to involve a shift in pathogenic mechanisms from that associated with early-phase tissue injury and healing to a later period of abnormal, maladaptive sensory processing and neuronal plasticity that develops within peripheral and central pain pathways. Importantly, psychologic status, cultural background/beliefs, and relationships/interactions in the workplace, home, and healthcare environments contribute to development and persistence of chronic pain [18].
Inflammatory pain: Nociceptive pain with a localized immune response that generates pro-inflammatory mediators to facilitate tissue repair.
Neuropathic pain: Originates from injury to specific
      peripheral nervous system (PNS) or CNS structures or to all peripheral sensory nerves (e.g.,
      with diabetes or postherpetic neuralgia).
Neuroplasticity: The capacity of nerve cells to adapt and regenerate.
Nociceptive pain: The normal acute response to peripheral tissue injury or damage.
Pain: Physical discomfort. Pain is classified into four types (nociceptive, inflammatory, neuropathic, and centralized); chronic pain usually involves multiple pain mechanisms [13,14,15].
Pseudoaddiction: An iatrogenic
      condition whereby patients display drug-seeking behaviors mimicking opioid use disorder but
      driven by intense need for pain relief. Resolves with adequate pain control [12].

3. OPIOID ANALGESIC SAFETY, RISKS, AND BENEFITS: FACTS VERSUS FALLACIES



Safety considerations are the foundation of opioid analgesic prescribing, reflecting the basic principles of good medical practice [20]. As such, any comprehensive review of opioid analgesic therapy should address the assumptions that surround opioid analgesic prescribing for pain.
From the late 1990s through 2011, opioid analgesic prescribing and fatal overdose greatly increased [21]. The CDC identified this pattern, and their prompt attention and broadcasting elevated physician and public awareness and assisted in closing "pill mills" that served as conduits for millions of opioid doses into illicit markets [3]. The reaction to opioid overprescribing and overdose prompted efforts to curtail opioid prescribing, in part, by swaying physician and public opinion against opioids [6,7,22,23,24,25]. This section addresses common misperceptions about opioid analgesics.
PRESCRIPTION OPIOID ANALGESIC FATAL OVERDOSE RATES



There is a misperception that overdose deaths from legally obtained prescription opioid analgesics continue rising, perpetuating an opioid epidemic. In fact, prescription opioid analgesic overdose deaths have steadily declined since 2012.
This perception is in part the result of CDC data indicating
        18,893 prescription opioid overdose deaths in 2014, up sharply from 16,300 deaths in 2013
          [26]. However, the 2014 increase was the
        result of a change in reporting standards. Starting in early 2014, the CDC began classifying
        all fentanyl overdoses as prescription opioid analgesic deaths, because laboratory tests
        were unable to distinguish clandestine from pharmaceutical fentanyl [27]. Also in 2014, there was an influx of
        fentanyl into the illicit opioid market, largely from Mexico and often sold as heroin or
        oxycodone. This resulted in a significant increase in fentanyl overdose deaths.
However, the total number of prescribed fentanyl dose units in 2014 (6.7 million) and 2013 (6.8 million) was unchanged [29]. In 2016, the CDC stated that the increase in overdose deaths in 2014 was mainly from adding fentanyl overdoses, almost all from clandestine fentanyl [28]. The CDC also provided an adjusted 2014 estimate (14,000 opioid overdose deaths), which was a continued decrease from the prescription opioid analgesic overdose deaths peak in 2011 (16,917 deaths) [30].
It should also be noted that heroin overdose deaths are often undercounted, and morphine deaths overcounted, because heroin rapidly metabolizes into morphine. Many medical examiners are reluctant to label a death heroin-related without 6-monoaceytlmorphine present. However, this metabolite, unique to heroin, quickly metabolizes into morphine. The actual figures of heroin overdose reported as morphine are unknown, but when heroin overdose deaths increase, morphine overdose deaths also tend to increase [31].

PRESCRIPTION OPIOID ANALGESIC PRESCRIBING RATES



Many healthcare professionals believe that continued increases in opioid analgesic prescribing are fueling the opioid epidemic. In fact, the prescription rates of several opioid products are in multi-year declines. Total dispensed opioid prescriptions decreased 4.5% between 2011 and 2014, despite increases in tramadol (25.5%) and buprenorphine (49.4%) prescribing rates [29].
In late 2010, oxycodone ER was introduced as an abuse-deterrent formulation (ADF) to reduce abuse and overdose. After this product was released, there was a 39% prescribing decrease between 2010 and late 2012 [32]. In addition, oxycodone "doctor shopping" decreased 50% and overdose fatalities reported to the manufacturer decreased 65% [33].
Though it is still early, hydrocodone/acetaminophen combination product prescribing appears to be decreasing after it was rescheduled as a Schedule II controlled substance in 2014. After one year, there were 26.3 million fewer (-22%) prescriptions and 1.1 billion fewer (-16%) dispensed tablets [34]. Decreased hydrocodone/acetaminophen prescribing by primary care physicians during this period is also notable, with a 33% decrease from 2011 (144.5 million) to 2015 (97 million) [29,35,36].
While it is true that the United States uses 99% of global hydrocodone, this is partially due to the fact that the few countries with adequate opioid access prefer dihydrocodeine or low-dose morphine for moderate/moderately severe pain [37]. Liberal opioid analgesic prescribing in some European countries has not led to the addiction and overdose rates seen in the United States, which reflects contribution from uniquely American factors beyond opioid analgesic exposure [38,39,40].

PRESCRIPTION OPIOID ANALGESICS AND HEROIN



The use of prescription opioid analgesics has long been proposed as a "gateway" to heroin. However, progression from opioid prescription misuse to heroin initiation is infrequent. Among non-medical users of opioid analgesics, 3.6% initiate heroin use within five years of initial abuse of prescription opioids [41]. Although most persons who misuse opioids do not progress to heroin use, it is also true that the majority of current heroin users initially misused prescription opioids.

EVIDENCE OF LONG-TERM OPIOID BENEFIT FOR CHRONIC PAIN



No analgesic used for the treatment of chronic pain (opioid or other class) has evidence of long-term safety and efficacy from randomized controlled trials lasting longer than one year [39]. Although this has been used to support the belief that opioids are unsafe for prolonged treatment of chronic pain, this level of evidence is lacking for any analgesic drug in use for chronic pain [30,39,42]. Thus, the absence of evidence is not evidence of absence [43,44]. Many non-randomized controlled trials of opioid analgesics lasting one year or longer have substantive clinical value.
In general, opioid and other analgesic drug trials are seldom longer than 12 weeks in duration, and many obstacles interfere with the ability to conduct long-term opioid trials [45,46]. First, ethical standards prohibit randomizing 50% of subjects in substantial pain to placebo. In addition, complexity and expense deter researchers from using active-drug controls in randomized controlled trials; these trials are unattractive to industry funding. There are also very high dropout rates of subjects with chronic pain randomized to placebo.
Several factors make analgesic efficacy of opioid analgesics difficult to demonstrate in
        tightly controlled randomized trials [8,44,45]. Studies report average opioid response of large patient numbers under
        rigid, predetermined starting dose and titration. However, opioid response in chronic pain
        is bimodal and not normally distributed; patients primarily show substantial or negligible
        analgesic response. When individual patient response is pooled and averaged, modest benefit
        is reported.
The strict, inflexible dosing parameters in randomized controlled trials lead to high dropout rates from analgesic failure or intolerability. This underestimates efficacy and overestimates toxicity. Many such patients would gain analgesia and tolerability using an approach tailored to patient factors that influence opioid response.

PRIMARY CONTRIBUTORS TO OPIOID ANALGESIC-RELATED FATALITIES



Misuse or abuse of prescribed opioid analgesics may account for a smaller proportion of poisoning overdoses than assumed. Data from Florida during 2007–2013 found 12% of 5,254 patients treated for non-fatal prescription opioid overdose in Broward County were diagnosed with opioid use disorder; 88% were legally prescribed users without diagnosable opioid use disorder [55]. These findings suggest prescription opioid abuse may be a less frequent cause of overdose than commonly assumed.
Studies show that the majority of opioid analgesic deaths stem from combining opioids with sedative hypnotics and/or alcohol [6,47]. The extent to which contributing factors drive overdose rates is a more complex problem.
Methadone



Methadone analgesic prescribing began in the late 1990s [48]. In 1999, 784 overdose deaths were attributed to methadone. By 2011, this number increased to 4,418 (26% of opioid analgesic deaths) [48]. Factors that have contributed to increased methadone deaths include prescriber knowledge deficits of its complex pharmacology and its designation by insurer/third-party payers as the first-line chronic pain drug on the sole basis of cost savings [7,49,50].

Benzodiazepines



In 2011, benzodiazepines were associated with 31% of opioid
          analgesic fatalities, compared with 18.4% in 2004 [51]. However, this 2011 figure may understate the true benzodiazepine
          contribution. In a study of 607,156 people 15 to 64 years of age, 84.5% of those
          prescribed opioids for pain who died of opioid analgesic overdose were
          co-prescribed benzodiazepines [52]. In
          another study of more than 2 million North Carolina residents receiving one or more opioid
          analgesics, benzodiazepines were present in 61.4% who fatally overdosed. Benzodiazepines
          contribute to a significant number of opioid analgesic deaths, particularly with
          higher-dose opioid prescribing [47].

Alcohol



Alcohol coingestion may also contribute to opioid analgesic-related deaths. In 2010, 20% of opioid overdose deaths involved alcohol [53].

Prescriber Knowledge Deficits



Studies indicate that fatal respiratory depression events often occur in the first five days of initial opioid therapy, with most in the initial 24 hours. This reflects initiation of therapy at too high a starting dose or failure to consider other risk factors, such as co-prescribed CNS sedatives [54].



4. EPIDEMIOLOGY OF PAIN



Persistent pain affects one in three adults in the United States and costs more than $600 billion annually [60]. The Institute of Medicine (IOM) estimates that more than 100 million Americans suffer from persistent or chronic pain, with roughly 10% experiencing chronic, disabling pain [2]. Chronic pain is experienced by 20% to 30% of adults in the United States, similar to the rates reported in Canada, Australia, and European countries.
Pain is a leading cause of chronic illness in persons older than 60 years of age, a major cause of disability, and the cardinal feature of arthritis, migraine, cancer, metabolic disorders, and neuropathies. Pain control in these diseases is notoriously difficult and often requires opioids [61,62]. Neuropathic pain, which includes diabetic neuropathy, complex regional pain syndrome, radiculopathy, phantom limb pain, human immunodeficiency virus (HIV) sensory neuropathy, multiple sclerosis-related pain, and post-stroke pain, affects 5% to 10% of the U.S. population [63].
Chronic pain prevalence varies by subgroup. In general, older adults have a much greater prevalence than younger adults. Higher rates of chronic pain are found in women, those recently hospitalized, obese individuals, and those who never graduated high school. Roughly 50% of adults rating their health as fair or poor suffer from chronic pain [64].
Chronic pain rates are likely to continue increasing as the population ages and more people develop pain-associated conditions such as obesity, diabetes, cardiovascular disorders, arthritis, and cancer. Other contributors to chronic pain include improved trauma care (with more surviving with chronic pain), the increase in surgical procedures, and greater public understanding of chronic pain and access to health insurance [2].
The most common anatomic locations of pain in U.S. adults are
      the low back (28.1%), knee (19.5%), severe headache or migraine (16.1%), neck (15.1%),
      shoulder (9.0%), finger (7.6%), and hip (7.1%). The lifetime prevalence of spinal pain ranges
      from 54% to 80% [2]. In patients with low back
      pain or neck pain, 25% to 60% report pain lasting longer than one year from onset; high pain
      and disability levels were found in 23% of patients with low back pain and 15% of patients
      with neck pain. Low back pain is linked to greatest declines in function and quality of life
        [65].
As noted, adult women have an overall higher prevalence of chronic pain than men [66]. Some chronic pain syndromes occur only, or predominantly, in women, including chronic fatigue syndrome, endometriosis, fibromyalgia, interstitial cystitis, vulvodynia, and temporomandibular disorders. Roughly 50 million women have one or more of these conditions, which frequently co-occur [2].

5. CONSEQUENCES OF UNTREATED OR UNDERTREATED CHRONIC PAIN



Pain is a distressing sensory and emotional experience for the
      patient, imposing potentially life-altering physiologic, psychosocial, and quality of life
      alterations [2]. The negative impact of
      chronic pain on quality of life is more severe than heart failure, renal failure, or major
      depression and comparable to terminal cancer [67,68].
Failure to manage pain has serious pathophysiologic
      consequences, including cardiovascular (hypertension, myocardial ischemia, cardiovascular
      collapse) and physiologic (appetite loss, failure to thrive, immune dysfunction, endocrine
      failure) consequences, suppression of physical activity leading to joint and muscle
      deterioration, chronic sleep disturbance, dementia, and premature death [2,13,69]. Among 6,940 primary
      care patients followed over 10 years, those with poorly controlled moderate-to-severe chronic
      pain had a 68% greater risk of death than those with cardiovascular disease and 49% greater
      risk than all other causes combined [70].
Psychosocial consequences of unmanaged pain can be severe, with
      adverse psychologic (impaired cognitive function, pathologic anxiety/depression, suicidal
      ideation, despair, hopelessness) and social/interpersonal (relationship disruption, loss of
      employment, financial difficulties) outcomes [2,13,71,72,73]. Chronic pain is second only to bipolar
      disorder as a medical cause of suicide [74,75,76].
Chronic undercontrolled pain activates CNS glial cells and leads to neuroinflammation, tissue destruction, loss of CNS tissue mass and receptors, and unresponsiveness to usual-dose opioids and other analgesics. These patients often require higher-dose opioids; the modest analgesic response can reduce suffering and prevent suicide [77].
Negative attitudes by primary care providers and other clinicians toward patients with chronic pain who use/misuse illicit or prescription drugs are widespread, with hedonistic pursuit the assumption. Reality may be more complex, as patients with chronic pain potentially use substances to alleviate poorly controlled pain. This was explored in a study of adult primary care clinic patients who tested positive for illicit drug use or prescription drug misuse. Of the 589 patients [78]:
  
	87% reported chronic pain (13% mild, 24% moderate, 50% severe)
	74% reported impairment from pain (15% mild, 23% moderate, 36% severe)
	51% of those who used illicit drugs (cannabis, heroin) stated they did so to treat pain
	81% of those who misused prescription drugs stated they did so to self-medicate pain
	38% of those who reported past three month heavy drinking stated they did so to treat pain


Chronic pain and impairment from pain were the norm in primary care patients with positive drug screens. Nearly one-third reported both severe pain and disabling impairment. This study suggests that poor pain control is common, apparent substance use disorder may reflect pseudoaddiction, and pain requires attention in patients counseled about their substance use [78].

6. RISK FACTORS FOR CHRONIC PAIN



PSYCHOSOCIAL RISK FACTORS



Intense persistent pain and persistent emotional distress are both powerful physiologic stressors that activate the hypothalamic-pituitary-adrenal (HPA) axis, the body's primary stress-control mechanism. The HPA axis becomes dysregulated from prolonged activation, causing a cascading effect that activates immune and inflammatory factors and glutamate receptor complex elements [69]. Neuroplasticity, the alteration in activity and function of synapses and neuronal networks, mediates the development, chronicity, and treatment resistance of pain and psychiatric conditions through diminished neurogenesis, synaptic deficits, decreased neurotrophic factors (e.g., brain-derived neurotrophic factor), and dendritic pathology [79]. Neuroplastic changes lead to central sensitization and hyperalgesia in patients with chronic pain and in patients with major depression even when ongoing pain is absent [80].
Abuse and Trauma



Early childhood trauma greatly influences experiences of pain, and childhood physical and sexual abuse negatively and independently influences adult health status, even after controlling for psychiatric disorders [66]. Abuse in childhood strongly predicts depression and pain in adulthood, and childhood sexual abuse highly predicts later chronic pain.
Childhood trauma stimulates the release of inflammatory cytokines and the development of central sensitization, greatly elevating later risks of immune, endocrine, and nervous system dysregulation [81]. Adults with depression and a history of childhood abuse show amplified stress response and altered adrenocorticotropic hormone and cortisol release. Glucocorticoid receptor dysfunction and downregulation is a bidirectional cause/effect of abnormal HPA-axis regulation in patients with depression [82]. Neuroinflammation is the common mediator of comorbid chronic pain and depression [83].

Coping and Social Support



Multiple psychologic mechanisms can alter pain outcomes and facilitate the progression of acute pain to chronic pain. Pain tolerance is adversely affected by mood, and factors such as pain coping skills and social support can affect pain and functionality [84,85]. Low socioeconomic status, characterized in part by lower education level and inequality in healthcare access, also correlates with chronic pain [66].
The presence of maladaptive coping styles such as
          catastrophizing, kinesophobia (i.e., fear of movement), and somatization (i.e., emotional
          distress expressed through physical symptoms) predicts development of chronic pain [65]. Craving is strongly associated with drug
          misuse in patients prescribed opioids for chronic pain, and pain catastrophizing is
          associated with craving even after controlling for demographic, psychologic, medical, and
          medication regimen variables. This underscores the importance of including psychologic
          interventions in the overall pain care [86].
Passive avoidant behavioral patterns, lack of engagement in self-care, and job dissatisfaction also elevate the risk of chronic pain [87,88]. Emotions and expectancies are strongly linked; negative emotions are associated with a generalized expectation of negative outcomes. The goal to avoid pain is often pursued with concurrent and often competing goals. Patients with chronic pain frequently weigh the value of pain avoidance against the costs related to loss of desired activities [84].
Neurobiologic mediation of social pain overlaps with physical pain. Social exclusion, bullying, isolation, and lack of support cross-sensitizes and amplifies physical pain. This relationship is bidirectional and highly relevant to patients with chronic pain who commonly encounter a process of rejection and social separation [66]. Passive pain coping and low levels of social support predict functional disability in patients with arthritis-related pain [89].
Addressing coping skills and bolstering social support can improve long-term pain outcomes and mitigate problematic medication use [85]. Patients with chronic pain and a history of prescription opioid use disorder who do not abuse their prescribed opioids are more likely to be active members of 12-step groups and have stable support systems [90].


MEDICAL RISK FACTORS



Obesity



Obesity is a pro-inflammatory state, and adipose tissue releases inflammatory mediators that increase chronic pain risks. Increased body weight and joint load can also promote or exacerbate painful conditions such as osteoarthritis [91].

Past Surgeries



Of patients undergoing surgery, 10% to 50% experience persistent pain and 2% to 10% experience severe pain. Inadequately treated postsurgical acute pain is common and increases the risk for developing chronic pain [2]. Chronic pain develops after thoracic surgery in 25% to 60% of patients and after herniorrhaphy in 14% [85].


COMMON COMORBID CONDITIONS



Major Depressive Disorder and Anxiety Disorders



Major depressive disorder is the single most important and
          prevalent chronic pain comorbidity. It is difficult to treat and renders pain control
          nearly impossible; anhedonia (i.e., inability to feel pleasure) is a frequent symptom
            [8,66]. Primary care patients with muscle pain, headache, or stomach pain
          complaints are 2.5 to 10 times more likely to have diagnosable panic disorder, generalized
          anxiety disorder, or major depressive disorder than those without pain. Patients whose
          pain level results in work interference show elevated risk of panic disorder and major
          depressive disorder. Conversely, major depressive disorder increases the odds of muscle
          pain complaints, headache, stomach pain, and pain interference with daily functioning.
          These results reflect the complex interaction between pain and medical/psychiatric
          comorbidities [92].

Sleep Impairment



Disturbed phase 2/3 and rapid eye movement sleep decreases pain threshold, impairs immune function, decreases insulin sensitivity, and undermines pain treatment response. Roughly 50% to 70% of patients with chronic pain experience sleep disturbance, and pain, sleep, and mood are connected and mutually reinforcing—sleep disturbance exacerbates pain, and pain disrupts sleep. The bidirectional association results from lowered pain threshold, promotion of hyperalgesia, and increased release of inflammatory cytokines [8,93]. Sleep recovery has an analgesic effect [85].

Medical Comorbidity



The presence of chronic pain is substantially elevated in patients with chronic respiratory disease, cardiovascular disease, or neurologic, metabolic, endocrine, and gastrointestinal (GI) disorders [94]. Among multi-morbid primary care patients older than 65 years of age, chronic low back pain was the most prevalent pain condition, significantly associated with cardiometabolic conditions in both sexes and depression in women [95].



7. BARRIERS TO ADEQUATE PAIN CARE



Pain arises in the nervous system but represents a complex, evolving interaction of
      biologic, behavioral, environmental, and societal factors. Biopsychosocial factors greatly
      influence pain perception, persistence, and treatment outcomes in patients with chronic pain
        [2]. As such, a coordinated multimodal
      approach with pharmacopoeia, cognitive-behavioral or other coping skills therapy, and a
      progressive strengthening or functional restoration modality is recommended [96,97]. Despite substantially greater efficacy than uncoordinated symptomatic
      care, few patients with chronic pain receive multidisciplinary pain care [85].
Chronic pain affects all domains of life, and clinicians have few effective tools at their disposal to help these patients [98]. Opioids remain the strongest group of analgesic drugs available [99]. 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 [22,100]. However, opioids, like many medications, have serious risks and should not be treated like a cure-all [56]. This dichotomy has resulted in many patients for whom opioid analgesics are appropriate increasingly experiencing barriers to pain relief.
The IOM has stated that the uncertain diagnosis in many chronic pain cases, combined with stigma toward patients in pain, interferes with treatment seeking and adherence to follow-up. Negative provider interactions are powerful deterrents to future help-seeking by adults with chronic pain, particularly the elderly. Patient perception of having their pain complaint dismissed or of not being listened to by their initial pain provider can discourage subsequent care seeking or result in changing providers [2].
These observations are echoed by the National Pain Strategy (NPS), adding that in addition to prevalent stigma, increasing reluctance of many clinicians to prescribe opioids jeopardizes adequate pain control for patients with chronic pain. For most pain conditions, medications (including opioids) may be essential for improved quality of life, and rationing, medication shortages, and inadequate reimbursement decreases patients' access to medications, causing considerable hardship in this vulnerable population [101].
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 black patients is
      especially widespread, from prevalent misperceptions that this group has higher pain tolerance
      and is more likely to abuse their opioid prescription [102].
The CDC guideline recommends that pain specialists, not primary care providers, manage patients requiring >90 mg daily morphine equivalent dosage (MED), but this is often unrealistic in practice. The number of pain specialists is inadequate to manage the large number of patients with pain severity and disability that requires >90 mg MED. Patients may feel abandoned or panicked about the potential loss of effective pain control. Adherence to this recommendation can therefore have potentially serious consequences for patients requiring opioids, and the growing problem of opioid medication access is likely to worsen [56].

8. THE ENDOGENOUS OPIOID SYSTEM AND OPIOID ANALGESIC MECHANISMS



Opioid analgesics produce therapeutic and side effects by mimicking endogenous opioid activity, although some opioids produce analgesia by activity outside the opioid receptor complex. Opioids widely differ in levels of affinity and activation of opioid receptor subtypes. In addition, inter-individual variation in analgesic response and side effects is significant, largely driven by genetic factors [103]. The complex interaction between unique opioid properties and individual patient characteristics dictates that a patient-tailored approach is required for opioid selection, dose initiation, and titration to optimize safety, analgesia, and tolerability.
Naturally occurring opioid compounds are produced in plants
      (e.g., opium, morphine) and in the body (the endogenous opioids) [104]. Endogenous opioids are peptides that bind
      opioid receptors, function as neurotransmitters, and help regulate analgesia, hormone
      secretion, thermoregulation, and cardiovascular function. The three primary endogenous opioid
      peptide families are the endorphins, enkephalins, and dynorphins, and the three primary opioid
      receptor types are mu, kappa, and delta [105,106]. A quick overview of this complex
      pain modulation system is helpful in understanding how opioid analgesics work.
ENDOGENOUS OPIOID PEPTIDES



Endogenous opioid peptides are neurotransmitter molecules in the opioid receptor complex
        that produce specific physiologic effects determined by neuronal distributions of the
        activated opioid receptor type [107]. The
        endogenous opioid peptides are cleaved from the pro-hormone precursors proenkephalin,
        pro-opiomelanocortin, and prodynorphin. The endogenous delta opioid receptor peptides are
        met-enkephalin and leu-enkephalin, cleaved from proenkephalin. Prodynorphin gives rise to
        kappa opioid receptor agonists dynorphin A and B. Pro-opiomelancortin encodes the peptide
        beta-endorphin, which has agonist activity at all three classical opioid receptors. Some
        endogenous opioid ligands lack specificity for opioid receptor subtypes, such as b-endorphin
        and the enkephalins [108,109].
Endorphins



Endorphins are synthesized in the hypothalamus and the pituitary gland. Pain, strenuous exercise, excitement, and orgasm stimulate their release, binding, and activation. Endorphins are popularized as the "natural pain killers" from their ability to induce analgesia and a general feeling of well-being. They are thought to largely mediate analgesia from acupuncture, massage, hydrotherapy, and transcutaneous electrical nerve stimulation therapy [110].

Dynorphins



Dynorphin peptides are synthesized from the precursor pro-dynorphin and have primary affinity and binding at the kappa opioid receptor. Dynorphins are distributed throughout the CNS, with highest concentrations in the brain stem, hypothalamus, and spinal cord. Their physiologic actions are diverse, and their primary function is the modulation of pain response, appetite and weight, circadian rhythm, and body temperature. Dynorphins are linked to stress-induced depression and drug-seeking behavior, and drugs that inhibit dynorphin release are under evaluation for possible use in the treatment of depression related to drug addiction [110].

Enkephalins



Enkephalin peptides, derived from pro-enkephalin, are located throughout the brain and spinal cord and are involved in regulating nociception. Enkephalins inhibit neurotransmission in pain perception pathways, reducing the emotional and physical impact of pain. Enkephalins also reside in the GI tract, where they help regulate pancreatic enzyme secretion and carbohydrate metabolism [110].


OPIOID RECEPTORS



Opioid receptors are expressed throughout the CNS and PNS on key nodes within the pain
        pathway and are highly concentrated in areas involved with integrating pain information
          [61]. Opioids vary greatly by receptor
        affinity, binding, and activity and can bind to produce agonist, partial agonist, or
        antagonist receptor activity [105]. As
        noted, the analgesic activity and the side effects result from mimicry of endogenous
        opioids, achieved by the beta-phenylethylamine group moiety shared by endogenous and
        exogenous opioid receptor ligands that facilitate opioid receptor binding [111].
Mu Opioid Receptors



Mu receptors are the primary mediators of analgesia produced by opioid analgesics in
          clinical use. Their greatest CNS concentration is in the thalamus, medulla, periaqueductal
          gray area, neocortex, amygdala, dorsal horn, inferior and superior colliculi, and brain
          stem [105,110,112]. PNS occupancy includes the peripheral sensory neuron dorsal root
          ganglion, stomach, duodenum, jejunum, ileum, and proximal and distal colon. Mu receptors
          in non-neural tissue are found in the vascular and cardiac epithelium, keratinocytes, vas
          deferens, and Sertoli cells [113].
Mu opioid receptors in the amygdala and nucleus accumbens mediate opioid reward response (e.g., euphoria). In this brain region, opioids bind to and activate mu receptors, which inhibit gamma-aminobutyric acid (GABA) to increase dopamine transmission [61]. Mu opioid receptors broadly distributed in the limbic system mediate emotional response to pain and analgesia. In the medial thalamic nuclei, they relay spinothalamic inputs from the spinal cord to the cingulate gyrus and limbic structures [114].

Kappa Opioid Receptors



Kappa opioid receptors bind dynorphin as the primary endogenous ligand. In the CNS, they
          are highly concentrated in the caudate-putamen, nucleus accumbens, amygdala, brain stem,
          neural lobe of the pituitary gland, and hypothalamus. In the PNS, these receptors are
          found in the sensory neuron dorsal root ganglion, stomach, duodenum, jejunum, ileum, and
          proximal and distal colon. They are primarily found in the limbic system, brain stem, and
          spinal cord. Their major effects include spinal analgesia, sedation, dyspnea and
          respiratory depression, dependence, and dysphoria [113]. The kappa opioid receptor subtype k3 is considered the primary
          analgesic mediator [49].

Delta Opioid Receptors



Delta receptors are mostly confined to CNS structures of the pontine nuclei, amygdala, olfactory bulbs, and deep cortex, but are also found in the GI tract and the lungs. They mediate spinal and supraspinal analgesia and the psychomimetic and dysphoric effects of opioid analgesics [16,110].

Other Potential Opioid Receptors



Other opioid-like receptors have been identified in the CNS, including the opioid receptor like-1 (ORL-1). In contrast to the classic opioid receptors, the ORL-1 receptor is insensitive to the opioid antagonist naloxone. Opioids can bind to and activate the toll-like receptor 4 (TLR4), an innate immune pattern-recognition receptor [61].


OPIOID ANALGESIC MECHANISM



Opioid analgesia results from a complex series of neuronal interactions, largely mediated by the high density of opioid receptors in the dorsal horn of the spinal cord and in subcortical regions of the brain [107]. The analgesic effects of opioids result from two general processes: 1) direct inhibition of ascending transmission of pain signaling from the dorsal horn of the spinal cord, and 2) activation of descending pain control circuits from the midbrain to the dorsal horn of the spinal cord [110]. All three opioid receptor types mediate spinal analgesia. Supraspinal analgesia is primarily mediated by mu opioid receptor subtype 1. Opioid receptors are coupled to the superfamily of inhibitory G proteins. Receptor activation inhibits adenylate cyclase, reducing generation of cyclic adenosine 3,5 monophosphate and other second messengers. Potassium conduction is activated, inhibiting calcium influx to hyperpolarized target cells and reducing their response to depolarizing pulses. Neurotransmitter release is inhibited, and generation of postsynaptic impulses is decreased [61,107].
Although drugs such as morphine are highly selective for mu opioid receptor and bind multiple mu receptor subtypes, mu opioid agonists greatly differ by interaction with different receptor variants and other opioid and non-opioid receptors [106].
Spinal Level



The spinal cord dorsal horn is a primary analgesic site of opioids and is densely populated with mu (70%), delta (20%), and kappa (10%) opioid receptors. Opioid receptors are localized on presynaptic afferent fibers, interneurons, and postsynaptic projection neurons [61]. Opioids bind to and activate mu receptors, which inhibit the release of pain mediators such as substance P, glutamate, and nitric oxide from nociceptive afferent neurons. Spinal level analgesia appears to elevate pain thresholds [107].

Supraspinal Level



At supraspinal levels, opioids produce analgesia by attenuation of the subjective evaluation of pain. After morphine is given for severe pain, patients report pain but without the associated anguish and distress. Conscious awareness and pain response are retained but modified by changes in emotional response to pain, mediated in part through opioid receptors in the limbic system [107].
Opioid receptors are highly concentrated in the medial thalamus, where incoming sensory information associated with intense and deep pain is filtered and then relayed to the cerebral cortex. This opioid effect on medial thalamus pain signal filtering greatly contributes to analgesia [107].
Opioid receptors are highly localized in subcortical brain regions where descending pain-modulating pathways originate. Normally, these pathways are inhibited by GABAergic neurons that project to descending inhibitory neurons of the brain stem. Opioid analgesics bind to and activate mu receptors on GABAergic neurons; this inhibits GABA to activate descending pain-modulating pathways [61,107]. In addition, opioids activate ascending serotonin/norepinephrine pathways that project to forebrain centers to regulate the emotional response to pain [105].
The greatest factor that contributes to opioid analgesia
          is concentration of the drug on the mu receptor, which can be altered by pharmacokinetic
          processes that influence plasma concentration of the opioid by impacting its absorption,
          distribution, metabolism, or excretion. Intrinsic properties of the opioid, such as lipid
          solubility, also contribute to opioid receptor concentration [115].

Neuropathic Pain



Opioid analgesics have historically been considered less effective in neuropathic pain, but more recent evidence provides some support for their use. The extent of neuropathic pain reduction correlates with the duration of opioid therapy, possibly accounting for the mixed results in short-term studies [116,117]. A 2011 study discovered previously unknown mu and kappa receptor expression on numerous peripheral tissues, immune cells, and joint capsules/synovium. The administration of opioids by injection into painful peripheral tissue sites results in pain relief in the absence of CNS activity, which supports the existence of localized peripheral opioid receptors [118].
Opioid effectiveness in neuropathic pain may be influenced by the capacity to inhibit voltage-gated sodium channels and individual channel type. Buprenorphine is more effective in blocking sodium channels than meperidine, lidocaine, and bupivacaine, possibly from greater lipophilicity, as this is a major factor in local anesthetic potency [117]. Sufentanil, fentanyl, and tramadol, but not morphine, are effective in blocking neuronal Nav 1.2 and may have greater clinical effect in some forms of neuropathic pain [119].
Inflammation enhances opioid anti-nociceptive action by peripheral mechanisms that activate during later (but not early-stage) inflammation, suggesting that timing of opioid administration contributes to analgesic efficacy in inflammatory pain [118]. Opioids are also effective in reducing the "air hunger" of dyspnea in patients suffering from cancer or respiratory or cardiovascular insufficiency [105].



9. OPIOID ANALGESIC PHARMACOLOGY



Opioids have been a mainstay of pain treatment for thousands of years and remain so today. The opium poppy, Papaver somniferum, is the oldest and most prevalent source of opium and opioid analgesics. The opium poppy was grown in the Mediterranean region at least as early as 5000 B.C.E. and has since been cultivated in a number of regions throughout the world.
The first historical medical reference to opium dates back to the 3rd century B.C.E. by Arab
      physicians experienced in its therapeutic uses. In 1806, Friedrich Sertürner reported the
      isolation of a pure substance in opium that he named morphine, after Morpheus, the Greek god
      of dreams [110]. Sertürner also published the
      first report of morphine toxicity in 1817. In this account, he discussed his experimentation
      of administering the alkaloid to himself, three young boys, three dogs, and a mouse. One of
      the dogs died, and the effects of morphine on Sertürner and his three young volunteers were
      described as "near-fatal." In the 1850s, the first recorded morphine overdose fatality was
      reported by Alexander Wood when performing one of the first morphine injections on his wife,
      who subsequently died of respiratory depression [120].
Raw opium contains numerous alkaloids, but only morphine,
      codeine, thebaine, and papaverine have an identified use in medicine. Because the synthesis of
      morphine is difficult, the opium poppy plant remains the primary source of morphine [105]. Thebaine is a minor constituent of opium
      that chemically resembles morphine and codeine but produces a stimulant, rather than calming,
      effect. Thebaine is not used medicinally but is converted into oxycodone, oxymorphone,
      nalbuphine, naloxone, naltrexone, and buprenorphine [122].
The numerous synthetic derivatives of morphine and thebaine are produced by relatively simple modifications of the parent molecule. For example, morphine is transformed into codeine by methyl substitution on the phenolic hydroxyl group and into diacetylmorphine by acetylation at the 3 and 6 positions (to produce heroin). Structural alteration of opioid molecules has been performed with the goal of producing an opioid molecule with greater opioid receptor affinity, to alter drug activity from agonist to antagonist, to change lipid solubility, and to increase resistance to metabolic breakdown. Although numerous opioid analgesics have been developed with clinical effects similar to morphine, morphine remains the criterion standard by which the analgesic efficacy of new opioids is measured [105].
There are several ways to classify the various opioids (Table 1). The traditional approach to opioid classification is grouping by analgesic potency into strong, intermediate, and weak subgroups [16]. Opioids may also be grouped into chemical classes, including phenanthrenes (the prototypical opioids), benzomorphans, phenylpiperidines, diphenylheptanes, and phenylpropyl amines [104]. A more pharmacologically and clinically relevant classification approach is grouping by functional interaction as mu receptor agonists, partial agonists, mixed agonists-antagonists, or antagonists. For the purposes of this course, currently available opioids will be grouped and discussed by functional class.
Table 1: OPIOID ANALGESIC CLASSIFICATION SCHEMES
	 Category 	 Example Drugs 
	 Analgesic Potency 
	Weak	Codeine
	Intermediate	
              Buprenorphine
Pentazocine
Butorphanol
Nalbuphine
Hydrocodone
Tramadol
Tapentadol


            
	Strong	
              Morphine
Oxycodone
Hydromorphone
Oxymorphone
Levorphanol
Fentanyl and analogs
Methadone
Meperidine


            
	Chemical Classa
	Phenanthrenes	
              Morphine
Codeine
Hydromorphone
Levorphanol
Oxycodone
Hydrocodone
Oxymorphone
Buprenorphine
Nalbuphine
Butorphanol


            
	Benzomorphans	Pentazocine
	Phenylpiperidines	
              Meperidine
Fentanyl and analogs


            
	Diphenylheptanes	Methadone
	Phenylpropyl amines	
              Tramadol
Tapentadol


            
	Functional
              Activityb
	Full agonist	
              Morphine
Codeine
Hydromorphone
Levorphanol
Oxycodone
Hydrocodone
Oxymorphone
Methadone
Fentanyl and analogs
Meperidine
Tramadol
Tapentadol


            
	Partial agonist	Buprenorphine
	Mixed agonist/antagonist	
              Pentazocine
Nalbuphine
Butorphanol


            
	Antagonist	
              Naloxone
Naltrexone
Alvimopan
Methylnaltrexone


            
	
              aUnder each class, the first listed opioid is the
                  prototypical agent
bAt the mu opioid receptor


            


Source: [16,104]


Each opioid has a unique analgesic and adverse effect profile that reflects differences in
      opioid receptor selectivity, binding affinity, and activity (Table
        2) [115].
      Understanding the unique receptor activity profile of individual opioids can assist in the
      selection process. These inter-opioid differences help account for incomplete cross-tolerance,
      the basis for opioid rotation [173]. 
Table 2: RECEPTOR BINDING AFFINITY OF OPIOID ANALGESICS
	Opioid Analgesic	Opioid Receptor	Other Receptors
	Mu	Kappa	Delta	NE	5-HT	NMDA
	Agonists
	Codeine	+	 	+	 	 	 
	Hydrocodone	+	+	+	 	 	 
	Morphine	+++	+	+	 	 	 
	Fentanyl	+++	 	 	 	 	 
	Hydromorphone	++	 	+	 	 	 
	Oxycodone	++	+	+	 	 	 
	Oxymorphone	+++	 	 	 	 	 
	Methadone	++	 	+	+	+	--
	Meperidine	+	++	+	 	 	 
	Levorphanol	+++	+	+	+	 	--
	Tapentadol	+	 	 	+	 	 
	Tramadol	+	 	 	+	+	 
	Partial agonist
	Buprenorphine	+	-	 	 	 	--
	Agonist-antagonists
	Pentazocine	-	++	 	 	 	 
	Nalbuphine	-	+	+	 	 	 
	Butorphanol	 	+	 	 	 	 
	Antagonist
	Naltrexone	---	---	-	 	 	 
	
              + = Low/moderate agonist
++ = Moderate/high agonist
+++ = High-affinity agonist
- = Low/moderate antagonist
-- = Moderate/high antagonist
--- = High-affinity antagonist
5-HT = serotonin, NE = norepinephrine, NMDA = N-methyl-D-aspartate.


            


Source: [16,115,117]


MU OPIOID RECEPTOR FULL AGONISTS



Mu opioid receptor agonists include the most powerful analgesics used in medicine and possess the greatest analgesic potency among opioids. Properties of opioids in this group include increasing efficacy with dose escalation, absence of a ceiling effect (defined as further dose increases failing to increase analgesia beyond a certain level), and lack of antagonism of other concurrently administered mu opioid receptor agonists. Despite these shared properties, substantial pharmacologic and clinical differences are found among these agents [16,123].
Morphine



Morphine (Roxanol, MS Contin, Avinza, Kadian, MorphaBond,
          Embeda) was first isolated from raw opium in 1803 and introduced as an analgesic in the
          United States in 1830. Hypodermic syringes were introduced in the mid-19th century, making
          morphine available for parenteral use with improved analgesic, sedative, and antitussive
          properties [124,125]. Morphine is the prototypical opioid and
          remains one of the most effective drugs for alleviating severe pain, remarkable given its
          clinical use spanning almost two centuries. The World Health Organization has designated
          morphine as a drug of choice for moderate-to-severe pain [103].
Morphine is a strong mu opioid receptor agonist and a weak kappa and delta receptor agonist. It can be administered intramuscularly (IM), intravenously (IV), subcutaneously (SC), rectally, epidurally, intrathecally, or orally. With IM/SC injection, the onset of effect occurs after 15 to 30 minutes, peak effect in 45 to 90 minutes, and duration of effect in roughly 4 hours. Following IV injection, the peak effect occurs in 15 to 30 minutes. When given IV, only a small portion of morphine reaches the CNS due to poor lipid solubility, a high degree of ionization at physiologic pH, protein binding, and rapid metabolism [115]. Morphine produces analgesia, euphoria, and a sensation of warmth. It increases pain threshold and alters the perception of noxious stimuli, even at low doses. Continuous, dull pain and pain originating in visceral organs, skeletal muscles, joints, and bone are most responsive to morphine [110].
The analgesic and respiratory depressant effects of morphine may not correlate with plasma concentrations, because CNS concentration peaks later and decays more slowly than plasma concentration. When given orally, morphine undergoes extensive first-pass hepatic metabolism, resulting in 40% to 50% of the oral dose reaching the CNS [115]. The elimination half-life of approximately two hours is independent of route of administration or formulation. Morphine administered by sublingual and buccal routes has a delayed onset of action compared with oral morphine (due to smaller peak plasma levels, lower bioavailability, and larger interpatient variability). Compared with the oral form, intrathecal morphine is 100 times more potent and epidural morphine is 10 times more potent (i.e., 0.5 mg intrathecally equals 5 mg epidurally) [103].
Oral morphine preparations are available in short-acting (SA) and ER formulations, including an ER formulation containing naltrexone to discourage tampering and diversion [115].

Hydromorphone



Hydromorphone (Dilaudid, Exalgo) is a semi-synthetic
          hydrogenated ketone of morphine with primary activity as a mu receptor agonist. It has
          roughly five to seven times the potency of morphine, with similar effects but possibly
          less sedation and greater euphoria [110].
          Hydromorphone can be administered by parenteral, IV, rectal, and oral routes and is
          considered the best opioid for SC administration. Oral hydromorphone has a bioavailability
          of 50% and plasma elimination half-life of 2.5 hours [103]. Its high water solubility permits very concentrated formulations. A
          meta-analysis found significantly better analgesia with hydromorphone than morphine for
          acute pain, without significant differences in adverse effects [126].
Following oral administration of conventional-release hydromorphone, the drug is rapidly absorbed and undergoes hepatic first-pass elimination of approximately 50%. The terminal elimination half-life after IV administration is 2.5 to 3 hours, and the primary mode of elimination is through urinary elimination in the form of hydromorphone-3-glucuronide, the primary metabolite. Some metabolites may have greater analgesic activity than hydromorphone itself but probably do not contribute to its pharmacologic activity. The side effects are similar to morphine [127].
The first ER formulation of hydromorphone (Palladone) was approved for marketing in 2004. However, at the request of the FDA, Palladone was withdrawn from the U.S. market in 2005 by its manufacturer, Purdue Pharma, over the potentially fatal interaction with alcohol [128]. Another ER formulation, Exalgo, has since been introduced without this liability [129].

Codeine



Codeine (Tylenol with Codeine, Capital with Codeine, Vopac) produces analgesia solely through enzymatic conversion into morphine, so it is considered a pro-drug. A pro-drug is a drug ingested in a biologically inactive (or less active) form and biotransformed into an active (or more active) metabolite [130].
The oral bioavailability of codeine is 50%, with roughly 10% metabolized to morphine. However, at least 10% of individuals possess deficient activity of the hepatic enzyme necessary to metabolize codeine to morphine due to genetic variation or polymorphism. In these individuals, codeine has no analgesic effect and should be avoided.
Codeine can be used orally or IM for mild-to-moderate pain
          but has very limited use in severe pain. Codeine is also used as an antitussive and
          antidiarrheal. Codeine produces minimal euphoria, has low abuse liability, is less
          sedating, and is less likely to result in respiratory depression than morphine.
          Constipation is a common side effect. Because commercially available codeine is combined
          with acetaminophen or acetylsalicylic acid (ASA), the dosage should be monitored to ensure
          daily safe limits are not surpassed [104].
          Codeine has an analgesic ceiling, with no additional analgesic benefit from doses greater
          than 60 mg [131].

Oxycodone



Oxycodone (Oxy IR, Percocet, Tylox, OxyContin, Xtampza ER, Targiniq ER) is a semisynthetic opioid analgesic derived from the natural alkaloid thebaine and has been in medical use since 1917. Although oxycodone mu opioid receptor affinity is at least 20 times less than morphine, oxycodone possesses high oral bioavailability and delivers analgesia and other subjective effects comparable to oral morphine [103]. Unlike morphine, oxycodone has moderate affinity and agonist activity at the kappa-2b opioid receptor, which contributes to its efficacy in neuropathic pain [117].
Oxycodone is available in SA and ER oral formulations.
          Oxycodone SA has a half-life of approximately two to four hours and a bioavailability of
          50% to 60%. The overall clinical effects of oxycodone reflect primary mu receptor
          activity, with analgesia, respiratory depression, euphoria, and abuse liability comparable
          to other mu agonists. Oxycodone differs from morphine by producing less dysphoria and by
          more rapid transport through the blood-brain barrier, resulting in greater CNS than plasma
          concentrations, the reverse of morphine [117].
In addition to its low-dose combination with acetaminophen, oxycodone is formulated as the sole analgesic in 10-, 20-, 40-, and 80-mg controlled-release (CR) tablets and 5-mg SA capsules. Sales of oxycodone CR (OxyContin) 160 mg were discontinued by Purdue Pharma in 2001 over abuse and diversion concerns [132].

Oxymorphone



Oxymorphone (Numorphan, Opana) was first synthesized in Germany in 1914, patented in the United States in 1955, and introduced in 1959 for parenteral injection and in suppository form. It then became available as an oral SA opioid, but this was withdrawn from the U.S. market in the early 1970s. Following reintroduction in 2006 in oral SA and ER formulations, its use in the treatment of noncancer pain has steadily increased [133].
Oxymorphone is a semisynthetic derivative of the parent compound morphine and has a high affinity for the mu opioid receptor and negligible interaction with kappa and delta opioid receptors [134]. The potency is roughly 1.2 times that of morphine, but with less sedative effects [16]. Oxymorphone possesses less protein binding (10% to 12%) than morphine (30% to 35%) and oxycodone (45%), and its highly lipophilic properties provide ease in blood-brain barrier penetration [129]. The oral bioavailability of oxymorphone is approximately 10%, the lowest of the full agonists. In healthy volunteers, the half-life ranges from 7.2 to 9.4 hours, longer than that of morphine, hydromorphone, and oxycodone. Oxymorphone SA tablets may be given at six-hour intervals, whereas the ER formulation is dosed twice daily. Steady-state conditions are achieved after three to four days. Oxymorphone is subject to hepatic first-pass effects and is excreted by the kidneys. As such, this agent has a prolonged half-life and accumulates in patients with renal failure. In patients with hepatic insufficiency, increasing the dosing interval is recommended [103].
Oxymorphone is an effective opioid analgesic with a safety profile comparable to other
          mu agonist opioids. It may have a safety advantage in elderly or frail patients for whom
          adverse drug interactions are concerning [135]. However, in 2017, the FDA requested Opana ER be removed from the
          market amid abuse concerns [267].

Hydrocodone



Hydrocodone (Zohydro ER, Hysingla ER, Lortab, Vicodin) is a semi-synthetic codeine derivative that more closely resembles morphine in its pharmacologic profile. Hydrocodone was first used medically as a cough suppressant and analgesic in the 1920s [122,136]. It exhibits a complex pattern of metabolism, including demethylation at the 3-carbon position into hydromorphone, which has stronger mu receptor binding than the parent drug. Thus, similar to codeine, hydrocodone is suggested to be a pro-drug. Its analgesic properties are similar in potency to codeine [16].
Hydrocodone is effective as a cough suppressant and as an analgesic for moderate to moderately severe pain. It is most frequently prescribed in combined formulations with acetaminophen (Vicodin, Lortab), aspirin (Lortab ASA), ibuprofen (Vicoprofen), and antihistamines (Hycomine) and as an antitussive liquid formulation [122]. The hydrocodone/ibuprofen product is intended for short-term (generally less than 10 days) management of acute pain from trauma, musculoskeletal or back pain, postoperative pain, abdominal pain, or dental pain. Two single-entity hydrocodone ER products are now available; in addition to sparing patients with comorbidity or who require long-term use from acetaminophen or nonsteroidal anti-inflammatory drug (NSAID)-related adverse effects, these products are thought to provide more stable analgesic with slow release and less euphoria [137].

Methadone



Methadone (Dolophine, Methadose) was first synthesized as an analgesic in Germany during World War II in response to the difficulty obtaining raw opium to synthesize morphine [138]. Although chemically unlike morphine or heroin, methadone produces many of the same pharmacologic and clinical effects. It was introduced into the United States in 1947 as the analgesic Dolophine.
High-dose methadone can block the effects of heroin and
          other opioid drugs by diminishing reward and reinforcement effects, and this has been the
          primary use of methadone in the United States over the last five decades. In the late
          1990s, methadone entered clinical use as an analgesic [122].

Evidence Based Practice Recommendation

The American Society of Interventional Pain Physicians recommends
            methadone for use in late stages after failure of other opioid therapy and only by
            clinicians with specific training in the risks and uses.
https://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Limited (Evidence
            is insufficient to assess effects on health outcomes because of limited number of power
            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.)


Methadone is available in racemic form with a 50:50 mixture of two enantiomers: a levo-(R)-enantiomer and a dextro-(S)-enantiomer. The 1(R)-enantiomer produces opioid analgesia as a mu opioid receptor agonist, while the d(S)-enantiomer functions as an N-methyl-D-aspartate (NMDA) receptor antagonist and reuptake inhibitor of serotonin and norepinephrine. These pharmacologic properties expand indications for its use beyond those of most other mu receptor agonists [117]. Methadone produces analgesia very similar to other commonly used opioids, but its lack of euphoric effects relative to other agents can make it advantageous in some patient populations. NMDA receptor antagonism can make methadone highly beneficial in managing patients with a history of prolonged opioid use with high opioid tolerance or opioid-induced hyperalgesia [110].
In the inpatient setting, IV methadone can be very effective in managing patients with true morphine allergies. Patients predicted to have long-term opioid requirement can initiate with IV methadone and are easily transitioned to oral methadone [110]. The highly variable elimination half-life is 8 to 60 hours, and single-dose analgesia lasts 4 to 8 hours. This necessitates great caution during initiation and titration, because patients may re-dose when analgesia wears off and pain reappears, leading to accumulation, toxicity, and overdose [110]. Methadone requires a thorough understanding of its pharmacokinetic properties to safely prescribe.

Levorphanol



Levorphanol is the only commercially available opioid agonist of the morphinan series and the levo-enantiomer of dextrorphan, a potent NMDA receptor antagonist [139]. Levorphanol was first synthesized more than 40 years ago as an alternative to morphine, and it produces effects very similar to morphine, with greater potency. Analgesia is produced by activity as a mu, delta, and kappa opioid receptor agonist, NMDA receptor antagonist, and norepinephrine and serotonin reuptake inhibitor. The NMDA receptor antagonist potency of levorphanol is equivalent to ketamine and superior to methadone [49]. Single-dose analgesic duration is 6 to 8 hours, and the elimination half-life is 11 hours. This increases the potential for drug accumulation, and patients should be observed for toxicity during the initial two to five days. Roughly 50% of oral levorphanol clears first-pass metabolism and is bioavailable [140]. Initiate dosing every four hours, and every six to eight hours when steady state is reached (after one to two weeks) [15,140].
During the 1980s, levorphanol fell into disuse with the introduction and aggressive marketing of ER forms of morphine, oxycodone, and fentanyl. Renewed interest in this drug was prompted by recognition that many patients with neuropathic pain do not obtain pain control with standard full-agonist opioids. Levorphanol shows promise in treating neuropathic pain, severe pain in hospice patients, and severe pain in patients with chronic noncancer pain uncontrolled by other mu opioid receptor agonists. With empirical confirmation, levorphanol has potential as first-line or second-line therapy for these indications, but little research has been published on this drug [46,49,140,141].
The brand-name drug Levo-Dromoran is discontinued, and no parenteral form is available. The sole available dose and formulation for levorphanol is an oral 2-mg tablet [140]. As a generic drug, levorphanol has not been promoted or marketed [141].
Roxane Pharmaceuticals stopped manufacturing levorphanol in 2015. Shortly thereafter, Sentynl Therapeutics, Inc., released a "new" levorphanol to the market. Unfortunately for pain sufferers who responded well to levorphanol, the average wholesale price of 2-mg tablets increased 2,073%, from $214/100 tablets to $4,650/100 tablets [142].

Fentanyl and Analogs



Fentanyl (Duragesic) is a phenylpiperidine-class opioid and is structurally similar to meperidine. Fentanyl was first synthesized in Belgium in the late 1950s and introduced to the U.S. market in the 1960s as an IV anesthetic. Other fentanyl analogues were subsequently introduced, including alfentanil, an ultra-short acting (5 to 10 minutes) analgesic; sufentanil, an exceptionally potent analgesic (1,000 times more potent than morphine) for use in cardiac surgery; and remifentanil, with similar potency to fentanyl and ultra-short duration of 3 to 10 minutes [105].
Fentanyl has an analgesic potency 80 to 100 times that of morphine. The highly lipophilic nature of the molecule allows rapid blood-brain barrier penetration and quick onset of action (two to three minutes with IV administration). Primary clinical effect comes from mu receptor agonist activity and to a lesser extent from kappa and delta receptor activity [143]. The pharmacologic profiles of fentanyl and its congeners (sufentanil, remifentanil, and alfentanil) are similar to other mu-receptor agonists, although fentanyl produces fewer side effects of sedation, nausea and vomiting, urinary retention, and pruritus than morphine or hydromorphone [110]. The fentanyls are distinguished from other mu opioid receptor agonists by shorter time to peak analgesic effect, rapid termination of effect after small doses, and relative cardiovascular stability, making them very popular for surgical use. The respiratory depression potential is similar to other mu receptor agonists, with a more rapid onset [105]. Fentanyl formulations include several transmucosal and buccal preparations for rapid-onset analgesia in breakthrough pain, and a transdermal preparation for sustained analgesia in chronic pain.
Transmucosal immediate-release fentanyl formulations are
          approved by the FDA for use in breakthrough pain. Transdermal fentanyl was developed to
          circumvent unsuitability for oral use and is indicated for continuous sustained-release
          analgesia in the treatment of chronic pain [144]. With initial use, the 6- to 12-hour lag time from application to
          onset of action requires the use of short-acting opioids for analgesic coverage and for
          breakthrough pain; morphine, tapentadol, or oxycodone are preferred. Steady state is
          usually achieved in three to six days. With patch removal, a subcutaneous reservoir
          remains, and up to 24 hours is usually needed for drug clearance [16,115].

Tramadol



Research efforts into mechanisms of pain relief during the 1990s focused on centrally mediated monoamine transmission and its influence on chronic and neuropathic pain. Clinical evidence demonstrated that increasing the extracellular concentrations of serotonin and norepinephrine in descending pain inhibitory pathways produced an analgesic effect. Norepinephrine is the primary monoamine contributor to pain signal attenuation and is especially useful in neuropathic pain. Combining an opioid agonist with a monoamine reuptake inhibitor was hypothesized to produce opioid-sparing effects, increased pain control, and decreased adverse effects. These efforts led to the development of tramadol and tapentadol [49].
Tramadol (Ultram, ConZip) is a synthetic codeine analog from the aminocyclohexanol structural group and a racemic compound. The positive enantiomer acts as a serotonin reuptake inhibitor, with 30% of total analgesic effect from weak mu opioid receptor agonism; the negative enantiomer inhibits norepinephrine reuptake [117]. Tramadol has greater efficacy in neuropathic than nociceptive pain. Monoamine reuptake inhibition accounts for tramadol's efficacy in neuropathic pain [117].
The primary metabolite, O-desmethyltramadol, has higher mu opioid receptor affinity and two to four times greater analgesic potency than the parent drug. Tramadol is as effective as morphine in mild-moderate pain. Its bioavailability is 68% following an oral dose and 100% following IM administration [145].
Tramadol has lower abuse potential than other opioids but
          is associated with the significant adverse drug reactions of serotonin syndrome and
          seizures. Dosage should not exceed 400 mg/day due to the seizure risk, and even doses less
          than 400 mg/day can increase seizure potential in patients with epilepsy or risk factors
          for seizure [117]. Seizure risk is
          elevated by concurrent use of selective serotonin reuptake inhibitors (SSRIs), tricyclic
          antidepressants (TCAs), cyclobenzaprine and other tricyclic compounds, other opioids,
          neuroleptics, and certain other drugs. Tramadol should not be used within 14 days of
          monoamine oxidase inhibitors (MAOIs), as this increases risk of seizures or serotonin
          syndrome [16].

Tapentadol



Tapentadol (Nucynta) is a novel synthetic opioid structurally related to tramadol that was approved in 2009. It was intentionally designed to overcome the barriers to efficacy associated with tramadol, such as the potential risk for serotonin syndrome [49]. Tapentadol has 18 times less affinity for mu opioid receptor than morphine and is 5 times less potent than oxycodone (i.e., 50 mg tapentadol is equivalent to 10 mg oxycodone) [146,147]. Tapentadol has an oral bioavailability of 32%, and plasma protein binding is 20%. Time to maximum serum concentration is achieved in 1.25 to 1.5 hours, and the half-life is 24 hours [103].
Tapentadol has no active metabolites and primarily undergoes hepatic metabolism via phase II conjugation. Tapentadol selectively inhibits norepinephrine reuptake with affinity and potency comparable to venlafaxine, which increases efficacy and avoids the potential risk for serotonin syndrome. In a study of patients with chronic pain receiving tapentadol for up to two years, 88% did not experience opioid withdrawal symptoms on abrupt withdrawal and symptoms were mild-to-moderate among those who did [148].
Analgesic tolerance develops at significantly lower rates with tapentadol than with morphine. It has a low risk for drug interactions, does not depend on metabolic activation for efficacy, and shows a lower incidence in adverse GI effects such as nausea, vomiting, and constipation relative to other opioids [49,149].
A review of prolonged-release (PR) tapentadol concluded its broad analgesic efficacy, ease of initiating and titrating in opioid-naïve and opioid-experienced patients, favorable pharmacokinetic profile with few medication interactions, low abuse potential, and low risk of withdrawal after cessation may offer significant advantages over classic opioid analgesics. Tapentadol is not recommended in patients with severe renal or hepatic impairment, because studies are lacking in these patient populations [150].

Meperidine



Meperidine (Demerol, Meperitab) is a synthetic phenylpiperidine derivative with weak mu and kappa receptor agonist activity. It has roughly one-tenth the potency of morphine. The structural similarity to atropine is consistent with its original development as an anti-muscarinic agent. The effects are similar, but not identical, to morphine, with shorter analgesic duration and less antitussive and antidiarrheal efficacy. In equivalent analgesic doses, meperidine produces comparable sedation and respiratory depression and possibly greater euphoria than morphine, although some patients experience dysphoria. Pharmacologic differences from morphine include increased risk for tachycardia and dry mouth and less biliary tract spasm and miosis. Meperidine may significantly decrease blood pressure, especially when administered to elderly or hypovolemic patients [104,123].
The short analgesic duration (2.5 to 3.5 hours) makes meperidine impractical for persistent pain, although it is a useful analgesic in labor and delivery and uniquely effective in treating post-operative shivering. Accumulation of the neurotoxic metabolite normeperidine contraindicates its use for longer than 48 hours or at doses of 600 mg or greater over 24 hours in any context. Normeperidine accumulation is especially likely in patients with impaired renal function. The neuroexcitatory properties of this metabolite can cause tremors, muscle twitches, delirium, or seizures; multifocal myoclonus develops before seizures and can serve as a warning sign. Normeperidine toxicity is not reversible with naloxone. Administration of meperidine to patients receiving MAOIs can lead to profound and possibly fatal autonomic instability [16,110,123]. Clinical use of meperidine has declined into virtual disuse in recent years [115].

Propoxyphene



Propoxyphene (Darvon, Darvocet) was first marketed in 1957 to treat mild-to-moderate pain. Propoxyphene primarily binds to mu opioid receptors to produce mild analgesia, with potency one-half to one-third that of codeine [16]. Propoxyphene also became a popular drug of abuse. In 2010, the FDA requested the removal of propoxyphene from the U.S. market due to new data showing increased risk for serious abnormal heart rhythms with its use, even at therapeutic doses [151]. This drug is no longer available domestically.

Levo-Alpha-Acetylmethadol



Levo-alpha-acetylmethadol (LAAM) is a synthetic mu opioid receptor agonist closely related to methadone, but with a longer duration of action (48 to 72 hours). LAAM was originally developed by German chemists in 1948 and as early as 1952 was identified as an agent that could prevent opioid withdrawal symptoms for more than 72 hours. In 1993, the FDA approved LAAM for the treatment of opioid addiction, with the intent to build on the strengths and improve on the drawbacks of methadone [122,152]. However, concerns over cardiovascular toxicity and subsequent under-utilization led to its withdrawal from the market in 2004 by the manufacturer, and LAAM is no longer commercially available in the United States [138].


PARTIAL AGONIST OPIOIDS



Partial agonists possess mu opioid receptor binding and activity, but to a lesser extent than full agonists such as morphine. Buprenorphine is the only commercially available partial agonist in the United States.
Buprenorphine



Buprenorphine (Belbuca, Suboxone, Subutex, Butrans) is a semi-synthetic opioid first derived from thebaine in 1966, initially as an alternative to methadone therapy for heroin addiction [153]. Injectable buprenorphine (Buprenex) was approved in 1981 for acute pain, and two sublingual formulations (Suboxone and Subutex) were approved for treating opioid addiction in 2002 [49]. The buprenorphine transdermal system was approved by the FDA in 2010 for the management of moderate-to-severe chronic pain in patients requiring continuous opioid analgesia for an extended time period. More recently, buprenorphine buccal film (Belbuca) was approved for the same indication. The transdermal and buccal products were developed to overcome the very low oral bioavailability resulting from substantial first-pass intestinal and hepatic metabolism [117].
The mu opioid receptor-binding kinetics of buprenorphine are unique. Receptor affinity is high, but buprenorphine associates and dissociates slowly (30 and 166 minutes, respectively) and incompletely (50%). This receptor saturation is particularly important with buprenorphine, because its high affinity and robust binding capacity make displacement by naloxone difficult or impossible. The relative resistance to naloxone antagonism requires higher doses for successful reversal [49].
The analgesic properties of buprenorphine mostly originate from mu opioid receptor interaction with high binding affinity and low efficacy, yielding partial agonist effects. Other contribution comes from activity as a nociceptin opioid peptide receptor partial/full agonist and kappa opioid receptor antagonist [117]. Prolonged analgesia can be achieved with buprenorphine from its highly lipophilic properties and prolonged receptor occupancy. It may have superior efficacy in neuropathic pain due to its pharmacologic profile and has also shown anti-hyperalgesic effects [117,145]. A high-dose (15 mg) analgesic ceiling effect can occur, but this dose level is infrequent with analgesic use [122,145]. Buprenorphine may act as a mu opioid receptor antagonist at high doses [117].
After application of the transdermal patch, plasma concentrations steadily increase, and the minimum effective analgesic dose is reached more rapidly with higher-dose patches. Steady state is reached after the third consecutive application. Bioavailability of the transdermal formulation is 60% compared with the IV route. Effective plasma levels occur within 12 to 24 hours and last for 72 hours. It takes 60 hours to reach maximum concentration. After patch removal, concentrations decrease by 50% in 12 hours, and then decline more gradually [103]. Transdermal buprenorphine has a maximum dose limited to 20 mcg per hour due to the potential for prolonged QTc wave interval at higher doses [16,123].
Buprenorphine possesses a dose-ceiling effect for respiratory depression, reducing the likelihood of this potentially fatal consequence. Importantly, this applies only in the absence of co-ingested CNS or respiratory depressants. Side effects are similar to other opioids, but it is important to remember that as a result of its antagonist properties, buprenorphine can precipitate withdrawal symptoms in patients who are physically dependent on other commonly used opioids [110].


MIXED AGONIST/ANTAGONIST OPIOIDS



For more than 70 years, the ultimate goal of analgesic research has been the discovery of an opioid agent producing effective analgesia without respiratory depression or abuse/addiction potential [154]. Earlier efforts in this quest led to synthesis of the first mixed agonist-antagonist, N-allylmorphine (nalorphine), in 1942. Although nalorphine was a potent analgesic and antagonist to most morphine effects, dosing sufficient for analgesia produced severe psychotomimetic effects that made the drug unsuitable for clinical use. However, discovery and development of this opioid lay the groundwork for subsequent synthesis of several mixed agonist-antagonists that have entered clinical use [16,155].
Available mixed agonist-antagonists act as mu receptor antagonists and kappa receptor agonists. Those in current clinical use share the characteristics of an analgesic ceiling effect, whereby dose escalation beyond a certain point will not increase analgesia but increases side effects. These agents have a greater likelihood of the side effects of dysphoria, delusions, and hallucinations than full mu agonists and an increased risk of triggering an opioid withdrawal crisis in patients with physiologic dependence to full mu agonists. Kappa receptor agonist activity contributes to the analgesic and side effect profile.
These drugs should be used with caution in any patient currently receiving opioid agonists [16,115,123]. Practice guidelines recommend against using mixed agonists/antagonists in cancer pain, and their absence from practice guidelines for chronic noncancer pain reflects discouragement for use in these patients as well [15,156,157]. However, several niche indications for pain have emerged.
Pentazocine



Pentazocine (Talwin) was the first opioid in this class to enter clinical use following the development of nalorphine; it was introduced to the U.S. market as an analgesic in 1967 [122]. Kappa opioid receptor activation accounts for the analgesic effects and potential side effects of dysphoria and psychotomimesis [125]. The analgesic potency is 25% to 50% of morphine. Moderate analgesia is produced by an oral dose of 50 mg; with doses greater than 70 mg, an analgesic and respiratory depression ceiling occurs. Pentazocine has lower abuse potential than morphine, but prolonged daily use can lead to physical dependence. Dysphoric and psychotic side effects are dose proportional and reversed with naloxone. Pentazocine can increase serum catecholamine levels. Clinical use is restricted by limited analgesia, antagonism of concurrent mu agonist opioids, and the potential for GI and cardiovascular adverse effects [155].

Butorphanol



Butorphanol (Stadol) is a morphinan congener with a pharmacologic profile similar to pentazocine. It is more suitable for acute than chronic pain. Side effects of drowsiness, weakness, sweating, sensation of floating, nausea, and psychotic-like effects are less frequent than with pentazocine. Physical dependence can develop from regular use [105]. Butorphanol was initially available as an injectable formulation (Stadol). More recently, a nasal spray (Stadol NS) became available, and the ensuing abuse and diversion of this product led to its designation as a Schedule IV controlled substance [122].
Butorphanol is a mu opioid receptor antagonist and kappa
          opioid receptor agonist, and the opioid receptor affinity ratio of 1:25:4 for mu, kappa,
          and delta receptors, respectively, indicates greater delta than mu opioid receptor
          affinity [158]. With parenteral
          administration, butorphanol has analgesic potency five to eight times greater than
          morphine. It has a rapid onset, with peak analgesia within 1 hour, plasma half-life of 2
          to 3 hours, and elimination half-life of 4.5 to 5 hours. With oral administration,
          bioavailability is 17% that of a comparable IV dose. The intranasal formulation is
          commonly used in the treatment of migraine headache. The IV formulation is effective in
          moderate-to-severe pain and is typically used for postoperative pain and pain control
          during labor. With analgesia mediated by kappa and not mu receptor activation, butorphanol
          may be an effective analgesic option in patients with history of opioid use disorder [110]. At a dose of 10 mg IM, butorphanol
          induces respiratory depression similar to a comparable morphine dose, but the level of
          depression does not increase with dose escalation due to the ceiling effect [159,160].

Nalbuphine



Nalbuphine (Nubain) is similar in structure to naloxone, with primary activity as a kappa opioid receptor agonist, a mu opioid receptor partial antagonist, and delta receptor activity. On a per-milligram basis, analgesic potency is comparable to morphine, and opioid antagonist potency is one-fourth that of nalorphine and 10 times that of pentazocine. Respiratory depression is similar to morphine at equianalgesic doses, does not increase at doses greater than 30 mg, and is reversed by naloxone. With IV administration, onset is 5 to 10 minutes, duration is 3 to 6 hours, and elimination half-life is roughly 5 hours.
The most common side effect is sedation. Nalbuphine produces less dysphoria than other mixed agonist-antagonists and may produce euphoria; hemodynamic parameters are unaffected. Nalbuphine can reverse the respiratory depression and pruritus produced by mu agonists while maintaining analgesia; in this context, it is co-administered epidurally [110,161,162,163].


OPIOID ANTAGONISTS



A fourth group of opioids, opioid antagonists, bind and inactivate opioid receptors. Naltrexone and naloxone have traditionally been used to reverse potentially fatal overdose from opioid receptor agonists such as morphine or heroin. Opioid agonist molecules on mu opioid receptor are displaced, agonist effects on mu opioid receptor are abruptly halted, and opioid-dependent patients rapidly experience full alertness, analgesic loss, and opioid withdrawal [164].
Clinical trials with low-dose naltrexone have found unexpected and paradoxical enhancement rather than blockade of analgesia when co-administered with morphine and other opioid agonists in postoperative pain or severe intractable pain. Other evidence suggests analgesic efficacy as monotherapy in Crohn disease, irritable bowel syndrome, and fibromyalgia [165]. These findings led to the development and introduction of the peripheral-acting mu receptor antagonists alvimopan, methylnaltrexone, and naloxegol for severe opioid-induced constipation [166,167].
In addition to opioid-induced constipation, opioid
        antagonists are FDA-approved for the treatment of alcohol and opioid use disorder
        (naltrexone 50–100 mg/day oral) and opioid overdose (naloxone 0.4–1.0 mg/dose IV or IM). In
        pain medicine, the dose ranges of naltrexone and naloxone are substantially lower. Of the
        two, naltrexone is much more widely used, and published pain medicine studies have used dose
        ranges of 1–5 mg (termed "low-dose") or <1 mg in microgram amounts (termed
        "ultra-low-dose") [165]. For example, case
        studies have reported dramatic improvement in refractory pain with intrathecal
        administration of an opioid agonist combined with ultra-low-dose naloxone in the low
        nanogram range [168].
The mechanism of low-dose and ultra-low-dose opioid antagonists is not fully known and is the subject of investigation [165]. One explanation describes a sequential action, whereby binding and inhibition first occurs at excitatory receptors, followed by binding at inhibitory receptors. This decrease in excitation facilitates a broader clinical expression of inhibitory function, which potentiates analgesia and reduces adverse effects. For example, with opioid-induced hyperalgesia, ultra-low-dose naltrexone appears to act through excitatory blockade to promote analgesia and tolerability [169,170].
Naloxone



Naloxone (Narcan) is an allyl-derivative of noroxymorphone first synthesized in 1960. It acts as a competitive antagonist with slightly higher affinity for mu receptors over kappa and delta receptors, and inhibits the entire range of pharmacologic effects produced by mu agonists. Naloxone is efficiently absorbed after oral administration, but extensive hepatic first-pass metabolism (>95%) and low bioavailability makes it unsuitable for oral use [120,125]. Following IV or IM administration, peak plasma concentration occurs at 10 minutes, the duration of action is 1 to 4 hours, and the half-life is 30 to 81 minutes [165].

Naltrexone



Naltrexone (ReVia, Depade) has activity comparable to naloxone but with a longer duration of action and higher oral bioavailability (40%) [125]. Following oral administration of naltrexone, the peak plasma concentration occurs at 1 to 2 hours, the duration of action is up to 24 hours, and the half-life is up to 14 hours [165].

Methylnaltrexone



Methylnaltrexone bromide (Relistor) is a naltrexone derivative with high peripheral opioid receptor selectivity resulting from low lipid solubility and poor blood-brain barrier penetration into the CNS. Methylnaltrexone is indicated for opioid-induced constipation refractory to conventional therapies in patients with advanced illness receiving palliative care. It binds and antagonizes mu opioid receptors in the GI tract. With little oral bioavailability, methylnaltrexone is administered by subcutaneous injection [171].

Alvimopan



Alvimopan (Entereg) is a mu opioid receptor antagonist with limited CNS penetration due to its large molecular weight and polarity that facilitates selective GI mu opioid receptor antagonist activity. Alvimopan was developed to address the problem of bowel dysfunction following intestinal surgery and opioid use for postoperative pain. It is FDA-approved only to accelerate the time to upper and lower GI recovery after partial large or small bowel resection surgery with primary anastomosis [171]. Concerns over the risk of serious adverse cardiovascular events led the FDA in 2012 to restrict its use to a maximum of 15 capsules, a seven-day maximum duration, used only in hospitalized patients and only in hospitals with documented registration and completion of the Entereg Access Support and Education (EASE) program, a risk management program specific to alvimopan [172].

Naloxegol



Naloxegol (Movantik) is a polymer conjugate of naloxone administered orally once daily. It is FDA-approved for the treatment of opioid-induced constipation in adults with chronic noncancer pain. The 25-mg dose appears similar in efficacy to the 12.5-mg dose, with greater side effects associated with the higher dose. In phase III trials, the most common side effects were abdominal pain (21%), diarrhea (9%), nausea (8%), flatulence (6%), vomiting (5%), headache (4%), and hyperhidrosis (3%) [171].


OTHER OPIOIDS IN CLINICAL USE



Diphenoxylate (Lomotil) and loperamide (Imodium) are meperidine congeners FDA-approved for the treatment of diarrhea. Both drugs bind intestinal opioid receptors to slow GI motility through action on intestinal circular and longitudinal muscles. At approved anti-diarrheal doses, both agents lack significant CNS effects [105].


10. PHARMACOKINETIC FACTORS IN OPIOID ANALGESIC RESPONSE



Pharmacokinetics is the process by which the body absorbs, distributes, metabolizes, and excretes a drug, and pharmacokinetic factors fundamentally influence the safety, efficacy, and tolerability of opioid analgesics. This is true with fatal toxicity, whereby rising serum opioid concentrations overwhelm a patient's physiologic capacity to clear the opioids through metabolism and elimination. Aside from high-dose ingestion, fatal and non-fatal toxicity results from interference with opioid metabolism and excretion from genetic factors, drug interactions, medical comorbidities, or opioid analgesic formulation and dosing. These risks can be mitigated by improved prescriber knowledge and skills.
ABSORPTION AND DISTRIBUTION



Most opioids, including morphine, oxycodone, hydromorphone,
        methadone, tramadol, tapentadol, fentanyl, sufentanil, buprenorphine, and codeine, possess
        high GI permeability and are completely absorbed from the GI tract following oral
        administration. However, fentanyl and buprenorphine, due to extensive hepatic first-pass
        metabolism, have very low oral bioavailability, rendering their oral use ineffective [1]. (This differs from sublingual and buccal
        administration.)
To produce analgesic action in the CNS after absorption, opioids must penetrate the blood-brain barrier; highly lipophilic opioids possess a more rapid onset due to greater ease of blood-brain barrier transport [1]. The basis for the widely variable duration of effect among opioids is complex, not always explainable by the rate of plasma clearance and terminal half-life. For example, at equivalent analgesic doses, morphine produces longer analgesia than fentanyl but has a shorter half-life. This may be explained by morphine's relatively low lipid solubility and slower diffusion out of CNS tissue [104].

METABOLISM AND ELIMINATION



Many drugs, including opioids, must undergo biotransformation to be readily eliminated from the body. Opioid analgesic molecules that produce CNS effects must be lipophilic to cross cell membranes in the blood-brain barrier, and metabolism is performed to convert lipophilic opioids into hydrophilic metabolic products for elimination. This is achieved through hepatic enzymes. The metabolic process ends when the opioid byproducts are sufficiently hydrophilic for urinary excretion [174]. Medications can be substrates at multiple cytochrome (CYP) isoenzymes, inducing one while inhibiting another.
Hepatic enzymes facilitate two forms of metabolism: phase I and phase II [174]. Phase I metabolism consists of modification of the drug molecular structure through chemical reactions such as oxidation, reduction, or hydrolysis. The predominant catalysts for phase I drug metabolism are found in the CYP450 enzymatic superfamily [130]. Phase I metabolism of some opioids produces active analgesic metabolites, as with conversions of codeine into morphine, hydrocodone into hydromorphone, and tramadol into O-desmethyltramadol [175]. The CYP system is comprised of more than 50 isoenzymes, but more than 90% of opioid metabolism involves the 3A4, 2D6, or 2C9 isoenzymes [145].
Phase II metabolism is a chemical reaction whereby a drug is conjugated with a chemical moiety (e.g., a glucuronide) to readily promote renal excretion. The most important Phase II conjugation reaction is glucuronidation, catalyzed by members of the uridine diphosphate glucuronosyltransferase (UGT) enzyme family. Within the UGT enzyme family, the most abundant enzyme involved in phase II opioid metabolism is UGT2B7. In most cases, the conjugated drug is rendered inactive and loses biologic activity. The exception is morphine; its conjugated metabolite, morphine-6-glucuronide, is analgesic. UGT2B7 is the primary enzyme that metabolizes morphine, hydromorphone, and oxymorphone [130].
Some opioids undergo both phase I and phase II metabolism; the breakdown products of both phases can be active or inactive. The process of metabolism ends when the molecule is sufficiently hydrophilic for efficient excretion [174].
The metabolic products of opioids differ in pharmacologic and clinical relevance. Some have analgesic activity, some are toxic with accumulation, and others are inactive. Active metabolites can bind to and activate opioid or other receptors, compete with co-administered drugs or their metabolites when metabolism involves a common pathway, or alter the activity of its CYP450 metabolic pathway.

ADVERSE DRUG INTERACTIONS



One challenge in safe opioid analgesic prescribing is avoiding adverse drug interactions. Opioids have a narrow therapeutic index, potentially fatal concentration-dependent toxicity, and wide inter-individual variability. As discussed, many fatalities associated with opioid prescribing involve at least one other offending drug, and numerous reports of fatal pharmacokinetic adverse drug interactions with opioids have been published [130]. Elderly patients and patients with medical comorbidities typically require multiple medications, termed polypharmacy, which increases the risk of adverse drug interactions. Understanding the underlying cause of these interactions can mitigate a major toxicity risk when prescribing opioids [144].
Factors that interfere with opioid metabolism or excretion can cause opioids or metabolites to accumulate (leading to toxicity) or can accelerate their elimination (leading to analgesic failure). Conditions that can lead to delayed opioid metabolism include genetic predisposition (CYP450 isoenzyme polymorphism), hepatic and/or renal dysfunction, and drug-drug interactions [164]. Adverse opioid-drug interactions can involve pharmacokinetic or pharmacodynamic interactions, and while pharmacokinetic interactions involving CYP isoenzymes (phase I) are well characterized, those involving the UGT enzyme family (phase II) are less understood.
Among opioid analgesics, CYP metabolism occurs by either the
        CYP206 or CYP3A4 pathway. The propensity for drug interactions is higher for opioids
        metabolized by CYP3A4, and this is the pathway by which most opioids in general use are
        metabolized [103,130,174]. Thus, drugs and other compounds that inhibit or induce CYP3A4 activity
        contribute to opioid adverse drug interactions. CYP3A4 inducers include rifampin, St. John's
        wort, troglitazone, and phenytoin; inhibitors include telithromycin, itraconazole,
        ketoconazole, miconazole, voriconazole, ritonavir, lopinavir, erythromycin, clarithromycin,
        and grapefruit juice. Adverse opioid-drug interactions from enzyme induction mostly involve
        CYP3A4 and, to a lesser extent, CYP2B6.
Morphine



Morphine is believed to possess a low potential for adverse drug interactions, because UGT inhibition produces few relevant pharmacokinetic changes in morphine or its metabolites [130].

Codeine



Analgesia requires the conversion of roughly 10% of codeine via CYP2D6 into morphine, which is then converted to M3G and M6G by glucuronidation. Codeine is also metabolized by CYP3A4 to the inactive metabolite norcodeine [103].
CYP3A4 inducers speed the conversion of codeine to the inactive norcodeine and decrease conversion to morphine. Although codeine undergoes phase II metabolism to codeine-6-glucuronide, UGT2B7 inhibition or induction does not result in codeine adverse drug interactions [130].

Oxycodone



Oxycodone undergoes a complex hepatic metabolic process. CYP2D6 catalyzes oxycodone to oxymorphone (10% of metabolites), and UGT2B7 rapidly inactivates oxymorphone by conversion to oxymorphone-6-glucuronide; the analgesic contribution of oxymorphone is minimal. CYP3A4 catalyzes oxycodone to noroxycodone, the primary (90%), but inactive, metabolite. In addition, CYP2D6 converts noroxycodone to noroxymorphone. These metabolites have varying mu receptor potencies and affinities [99,176].
Many adverse drug interactions have been reported between oxycodone and other CYP3A4
          substrates. CYP3A4 inhibitors can substantially increase oxycodone serum levels, reflected
          in the "black box warning" to not use oxycodone with CYP3A4 inhibitors due to the elevated
          risk of serious adverse effects, including potentially fatal respiratory depression.
          CYP3A4 inhibitors may elevate plasma oxymorphone to increase opioid effects, while CYP3A4
          inducers may substantially decrease oxycodone (and potentially oxymorphone) serum levels,
          leading to analgesic failure. In general, concurrent use of oxycodone with CYP3A4
          inhibitors or inducers is likely to result in adverse drug interactions.
The clinical effects of CYP2D6-mediated drug interactions with oxycodone are mixed, because overall analgesic contribution from the active metabolite oxymorphone is minimal [130].

Oxymorphone



Oxymorphone undergoes hepatic metabolism by phase II conjugation via glucuronide UGT2B7. The absence of CYP450 involvement minimizes adverse drug interactions with CYP substrates [115].

Hydrocodone



Limited clinical data have been published on drug interactions with hydrocodone metabolism. The overall evidence suggests concurrent use of CYP2D6 inhibitors diminish conversion of hydrocodone into the active metabolite hydromorphone [130].

Hydromorphone



The metabolites of hydromorphone are not thought to contribute to its pharmacologic activity. Minimal CYP450 involvement indicates a lack of adverse drug interactions impacting its pharmacokinetics [16,115].

Fentanyl



Fentanyl is metabolized primarily via hepatic CYP3A4 and is a weak CYP3A4 inhibitor. As such, many CYP3A4 substrates can interact with fentanyl. Elevated plasma fentanyl and decreased fentanyl clearance can result from coingestion of CYP3A4 inhibitors. CYP3A4 inducers can diminish fentanyl serum levels and analgesia and increase clearance. The adverse interactions between fentanyl and CYP3A4 inhibitors are potentially very serious, and a "black box warning" on all fentanyl products cautions against concurrent use of fentanyl and all CYP3A4 inhibitors because of the heightened risk of adverse effects, including fatal respiratory depression. CYP3A4 inducers may nullify fentanyl analgesia, and patients receiving fentanyl should avoid all CYP3A4 substrates [130].

Methadone



Methadone is associated with numerous potentially serious adverse drug interactions. CYP3A4 inhibitors can delay methadone clearance and potentially lead to toxicity. Methadone has been linked to the development of the ventricular arrhythmia torsades de pointes; additional reports suggest an association between methadone-induced torsades de pointes and CYP3A4 inhibition [130,177].
CYP3A4 inducers can reduce plasma methadone levels, leading to analgesic failure and opioid withdrawal. CYP2B6 inhibitors can decrease methadone metabolism to increase side effect risk, while CYP2B6 inducers delay metabolism to diminish its therapeutic effects [130,177].
Many members of specific drug classes adversely interact with methadone, and clinicians should carefully evaluate the interaction potential of any CYP3A4 or CYP2D6 inhibitor used with methadone [130,177].
The complex pharmacology of methadone makes the drug
          hazardous when prescribed without extensive knowledge and experience. With a half-life (15
          to 60 or more hours) longer than analgesia (4 to 8 hours), risks of accumulation and fatal
          overdose are increased, as when analgesia wears off and pain returns followed by
          re-dosing. Other factors that contribute to the risk of toxicity include [49]: 
	Metabolism by numerous CYP isoenzymes, which elevates the risks of drug-drug
                interactions, delayed clearance, and increased serum concentrations of methadone to
                fatal levels
	Prolongation of QTc interval, which may increase risk of life-threatening
                cardiac arrhythmias
	P-glycoprotein (P-gp) substrate, elevating risk of drug interactions that
                accelerate methadone blood-brain barrier penetration


Methadone requires metabolism by at least five fully
          active CYP450 isoenzymes for its efficient breakdown and elimination. This makes it the
          opioid with greatest susceptibility to adverse drug interaction. Concurrent use of common
          medications such as benzodiazepines, antihistamines, antidepressants, and antiviral agents
          may result in inhibition of CYP450-mediated breakdown and clearance of methadone,
          increased plasma levels, and serious risk of oversedation and suppression of CNS
          respiratory centers [175].
Toxicity risks of methadone can be mitigated with gradual titration and dose adjustment. Opioid-naïve patients should be started at a low dose, usually 2.5 mg every eight hours. The dose may be titrated by 10% to 20% increments, not less than three to four days apart except under inpatient or closely supervised settings. Once-daily methadone is ineffective for chronic pain; dosing at least every eight hours is required. When rotating patients from another opioid to methadone, it is important to consult the latest product information for dose equivalence and conversion; do not use published equianalgesic tables [103,175].
The increasing use of methadone treatment for chronic pain has led to high rates of fatal toxicity and concerns over its safe and appropriate use as an analgesic. Clinical practice guidelines have been developed to promote safer methadone prescribing for chronic pain [178]. The first step is careful patient assessment. From a thorough history, medical records review, physical examination, and possibly electrocardiography, stratify patients on risk for substance abuse, adverse reactions with other prescribed medications, and arrhythmia. Alternative opioids should be used in patients at high risk of QTc interval prolongation. If methadone is used, a low starting dose and slow titration are necessary, as are diligent monitoring and patient follow-up. All patients should receive education on methadone safety.

Levorphanol



No adverse interactions with CYP450 substrates have been noted with levorphanol. Interactions at glucuronidation enzyme sites are theoretically possible, but none have been substantiated [16].

Tramadol



CYP2D6 and CYP3A4 account for more than 70% of tramadol metabolism. CYP2D6 inhibitors reduce tramadol analgesia and concurrent use should be avoided. CYP3A4 inhibitors may increase exposure to tramadol, and their use should be avoided. CYP3A4 inducers can reduce plasma tramadol, and patients requiring CYP3A4-inducing medications should be monitored for inadequate analgesia [130].

Tapentadol



Clinically relevant drug interactions are unlikely with tapentadol [179].


PHARMACODYNAMIC DRUG-DRUG INTERACTIONS



Pharmacodynamic drug-drug interactions are possible with all opioid analgesics. Drugs with hypoventilatory or CNS depressant properties, such as benzodiazepines, sedative-hypnotics, and antihistamines, can act synergistically with opioids to increase sedation and risk of potentially lethal respiratory depression [174].
Some pharmacodynamic adverse drug interactions with opioids can be clinically advantageous. For instance, ibuprofen co-administration with hydrocodone or oxycodone potentiates the analgesia of the opioids in laboratory-induced moderate-to-severe pain, producing a 2.5-fold and 4.6-fold shift in the effective dose, respectively. Aspirin and ketorolac have no effect on hydrocodone analgesia, and ibuprofen has no effect on fentanyl or morphine analgesia [180].


11. CDC GUIDELINES FOR OPIOID PRESCRIBING IN CHRONIC PAIN



In 2016, the CDC published opioid prescribing guidelines for chronic pain by primary care physicians, not applicable to active cancer treatment, palliative care, or end-of-life care [42]. The CDC guidelines are expected to have a significant effect on opioid prescribing. Release of the draft and final CDC guidelines provoked controversy and alarm from pain professionals and pain patient advocacy groups and serious concerns by the American Medical Association (AMA), the American Cancer Society (ACS), the American Academy of Pain Medicine (AAPM), and other prominent organizations [56,57].
The public health issue of opioid analgesics is complex; the ideal is balancing opioid control and access. Overemphasis on access in the 1990s and early 2000s led to over-prescribing, increased addiction, and overdose; now, excessive control has the potential to lead to restricted access and undertreated and untreated chronic pain. The well-intentioned but narrow public health focus on curtailing opioid prescribing and patient access is consistent with the CDC's orientation and agenda, but it may not be the most helpful approach in patient care [5,57].
The CDC guidelines were based on a systematic review that rejected opioid studies greater than one year in duration without randomized controlled design. This made the pool of evaluable studies essentially unchanged from a 2009 systematic review of opioid analgesics, but conclusions of the 2009 review markedly differed from the 2016 review [43].
It is also important to note that the NPS, a comprehensive action plan to decrease the burden of undertreated pain, was also released in 2016. The NPS was developed in response to the 2011 IOM mandate for system-wide transformation of pain care but was largely overshadowed by the CDC guideline release [58].
The following recommendations are reprinted from the CDC guidelines and represent a simple approach to opioid prescribing for chronic pain. While this may be helpful for primary care providers, it does not take into account many of the nuances of opioid use for chronic pain, including patient-specific response, side effects, comorbidities, and pharmacokinetics and pharmacodynamics. These issues will be discussed in detail later in this course.
WHEN TO INITIATE OR CONTINUE OPIOIDS




Evidence Based Practice Recommendation

The American Society of Interventional Pain Physicians asserts that a
          robust agreement that is followed by all parties is essential in initiating and
          maintaining opioid therapy, as such agreements reduce overuse, misuse, abuse, and
          diversion.
https://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Fair (Evidence is
          sufficient to determine effects on health outcomes, but the strength of the evidence is
          limited by the number, quality, size, or consistency of included studies; generalizability
          to routine practice; or indirect nature of the evidence on health outcomes.)


Nonpharmacologic therapy and non-opioid pharmacologic
        therapy are preferred for chronic pain [42].
        Clinicians should consider opioid therapy only if expected benefits for pain and function
        are anticipated to outweigh risks to the patient. If opioids are used, they should be
        combined with nonpharmacologic therapy and non-opioid pharmacologic therapy, as appropriate.
        Before starting opioid therapy for chronic pain, clinicians should, for all patients: 
	Establish treatment goals for pain and function.
	Consider how therapy will be discontinued if benefits do not outweigh
              risks.
	Continue opioid therapy only if clinically meaningful improvement in pain and
              function outweighs safety risks.


Before starting opioid therapy and periodically during the course of treatment, clinicians should discuss with patients the known risks and realistic benefits of opioid therapy and patient and clinician responsibilities for managing therapy.

OPIOID SELECTION, DOSAGE, DURATION, FOLLOW-UP, AND DISCONTINUATION



When starting opioid therapy for chronic pain, clinicians should prescribe SA instead of ER or long-acting (LA) opioid formulations. When opioids are started, clinicians should prescribe the lowest effective dosage but use caution at any dosage. It is important to carefully reassess evidence of benefits and risks when increasing dosage to ≥50 mg MED/day. Prescribers should avoid or carefully justify increasing the dosage to ≥90 mg MED/day.
Long-term opioid use often begins with treatment of acute pain. When opioids are used for acute pain, clinicians should prescribe the lowest effective dose of immediate-release opioids. It is important to prescribe no greater quantity than needed for the expected duration of pain severe enough to require opioids. Three days or less will often be sufficient; more than seven days will rarely be needed.
Clinicians should evaluate benefits and harms with patients within one to four weeks of starting opioid therapy for chronic pain or of dose escalation. Clinicians should also evaluate benefits and harms of continued therapy with patients at least every three months. If benefits do not outweigh harms of continued opioid therapy, clinicians should taper and discontinue opioids or optimize other therapies and work with patients to taper opioids to lower dosages.

ASSESSING RISK AND ADDRESSING HARMS OF OPIOID USE



Before starting and periodically during continuation of
        opioid therapy, clinicians should evaluate risk factors for opioid-related harms and
        incorporate into the management plan strategies to mitigate risk. Offering a naloxone kit
        should be considered when factors are present that increase opioid overdose risk, including: 
	History of overdose or substance use disorder
	Higher opioid dosages (≥50 mg MED/day)
	Concurrent benzodiazepine use



Evidence Based Practice Recommendation

According to the American Society of Interventional Pain Physicians,
          urine drug testing should be implemented from initiation of treatment with opioids along
          with subsequent adherence monitoring, in an in-office setting with immunoassay and
          confirmation for accuracy with chromatography in select cases, to identify patients who
          are noncompliant or abusing prescription drugs or illicit drugs, and urine drug testing
          may decrease prescription drug abuse or illicit drug use when patients are in chronic pain
          management therapy.
https://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Good (Evidence
          includes consistent results from well-designed, well-conducted studies in representative
          populations that directly assess effects on health outcomes.)


Clinicians should avoid prescribing opioid pain medication and benzodiazepines concurrently whenever possible. The patient's history of controlled substance prescriptions should be reviewed using state prescription drug monitoring program data to determine whether the patient is receiving opioid dosages or dangerous combinations that put him or her at high risk for overdose. Clinicians should review prescription drug monitoring program data when starting opioid therapy for chronic pain, and periodically during opioid therapy for chronic pain, ranging from every prescription to every three months.
When prescribing opioids for chronic pain, clinicians should use urine drug testing before starting opioid therapy, and consider urine drug testing at least annually to assess for prescribed medications, other controlled prescription drugs, and illicit drugs. Clinicians should offer or arrange evidence-based treatment (usually medication-assisted treatment with buprenorphine or methadone in combination with behavioral therapies) for patients with opioid use disorders.

CRITICAL RESPONSE TO CDC GUIDELINES



Experts have argued that the dose levels established in the CDC guideline are arbitrary. Millions of Americans currently receive 90 mg MED/day for needed pain control [56]. The true risk factors for toxicity and overdose include organ dysfunction, pain control, tolerance, drug interactions, psychiatric disorders, history of substance use disorder, genetic variation, and concurrent benzodiazepine/other CNS sedative use [6]. Critics have also asserted that the guideline neglects are the serious consequences from undertreated chronic pain [59].
In addition, the opioid dosing limits for acute pain were based on emergency department prescribing guidelines for non-traumatic, nonsurgical pain, to provide analgesia until the acute pain resolves or the patient sees his or her primary care provider [43]. As such, the recommendation is unlikely to be helpful in a chronic pain guideline.


12. GENERAL RECOMMENDATIONS FOR ANALGESIC PRESCRIBING




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://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Limited (Evidence is
        insufficient to assess effects on health outcomes because of limited number of power
        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.)


As discussed, the CDC's opioid prescribing guidelines are strictly focused on curtailment and, as such, are less useful for guiding analgesic selection or patient matching [5]. Instead, this information may be obtained from practice guidelines from the FDA, the Federation of State Medical Boards, and the AAPM. These organizations state that opioid analgesics are generally not used as first-line analgesic therapy; non-drug and non-opioid drug alternatives should be considered first. Opioids may be initiated when benefits are likely to outweigh risks, when other approaches to analgesia are ineffective or unlikely to be effective, and with a treatment plan reasonably designed to mitigate the risks of addiction, toxicity, and other adverse effects [20,181,182].
Opioid therapy should be presented as a time-limited trial to
      evaluate pain, functioning and quality of life benefits, and adverse effects. Opioid-naïve
      patients should be started at the lowest dose, with titration to effect. In general, it is
      best to begin opioid therapy with an SA formulation and rotate to an ER/LA formulation, if
      indicated. Opioid therapy may be continued beyond the trial period after careful evaluation of
      benefits versus adverse effects and/or potential risks [20,182].
Fear of inducing respiratory depression has constrained opioid prescribing for patients with chronic pain, but this risk can be minimized by exercising caution and providing patient education regarding the risks of any concomitant use of CNS depressants, especially benzodiazepines and alcohol [20]. Caution should also be used with dosing and titration in patients with sleep apnea or end-stage respiratory disease. Emerging data suggest an association of chronic opioid therapy with central sleep apnea, but the direction and details of this association are unclear. Patients on long-term opioid therapy are at risk for hypoxia if respiratory infections or acute asthmatic attacks supervene; patients should be advised that opioid dosage adjustments may be necessary in the event of any intercurrent illness that affects breathing.
Previous assumptions that patients on chronic opioid therapy will invariably develop analgesic tolerance (i.e., decreasing pain control with the same dosage over time) have also constrained effective opioid prescribing practices. Chronic pain unresponsive to opioid dose escalation may reflect tolerance, but it may also be the result of disease progression, non-opioid responsive pain syndromes, or opioid-induced hyperalgesia. Tolerance is not usually an impediment to long-term opioid therapy [20].
The most recent comprehensive guidelines for neuropathic pain were published by the Canadian Pain Society in 2014. Common causes of peripheral neuropathic pain include diabetic neuropathy; postherpetic neuralgia; post-thoracotomy, post-breast surgery, and post-back surgery pain; phantom limb pain; and complex regional pain syndrome [183]. ER opioid analgesics are recommended as second-line options for moderate-to-severe neuropathic pain.
Although there are few class-wide contraindications for the
      use of mu opioid agonist analgesics, contraindications to ER/LA opioid prescribing exist by
      formulation and specific opioid [181].
      Contraindications to any use of opioid analgesics include [184]: 
	Respiratory instability
	Acute psychiatric instability
	Uncontrolled suicide risk
	Active, untreated alcohol or substance use disorder
	True opioid allergy
	Current medication use with potential for dangerous drug interactions
	Active diversion
	Prolonged QTc (≥500 ms) (with methadone)
	Codeine (in pediatric patients)


Contraindications to long-term opioid analgesic therapy include [39,185]:
  
	Primary headache
	Functional disorders
	Fibromyalgia syndrome (except tramadol)
	Chronic pain as prominent manifestation of a mental disorder (e.g., atypical depression, generalized anxiety disorder, post-traumatic stress disorder)
	Chronic pancreatitis, with the possible exception of brief (less than four weeks) treatment during an acute episode
	Chronic inflammatory bowel disease, with the possible exception of brief (less than four weeks) treatment during an acute episode
	Comorbid severe affective disorder and/or suicidality
	Current prescribed opioid abuse, diversion, and/or serious doubts over responsible use (e.g., unable to control opioid use, unwilling or unable to adhere to dosing schedule)
	Current or planned pregnancy



13. PATIENT FACTORS AND OPIOID ANALGESIC RESPONSE



Clinicians have long observed wide response variation in patients receiving opioids for pain. Patient factors, including age, medical comorbidity, and genetic differences, substantially contribute to this variation. Understanding how these factors influence opioid response can facilitate opioid selection and prescribing that mitigates side effects and toxicity while attaining adequate pain control.
AGE



By 2025, the number of adults 65 years of age and older in the United States is projected to increase 80% from 2010 estimates, comprising nearly 20% of the population. Understanding age-related physiologic changes and the complexity of pain management in elderly patients is essential for optimal efficacy, safety, and tolerability [49].
Independent of disease morbidity, aging elevates the risk of adverse events and associated opioid toxicity (Table 3). The elderly account for 49% of all hospitalizations due to medication adverse effects [186]. A variety of age-related physiologic changes account for this, including diminished gastric secretions and intestinal dysmotility; vitamin D deficiency, loss of appetite, and poor nutrition; and decreased bone density. Increased arterial thickening and rigidity elevate cardiac risk, while decreased lung elasticity may exacerbate respiratory disorders. Neurons become less stress-resilient. Reduced hepatic and renal blood flow diminish metabolism and filtration, increasing the risk for toxic substance accumulation [186]. Patients with dementia and/or cognitive deficits may have communication problems or confusion that render expression of pain severity, therapeutic response, and/or side effects difficult [187].
Table 3: CLINICAL RELEVANCE OF AGE-RELATED PHYSIOLOGIC CHANGES
	Pharmacokinetic Impact
	Reduced GI function and delayed absorption	
                Increased risk of opioid-related GI side effects
Alteration of drug absorption (little clinical effect)


              
	Altered distribution	
                Reduced distribution of water-soluble drugs
Longer effective half-life of lipid-soluble drugs
Increased potential for drug-drug interactions


              
	Reduced hepatic metabolism	
                Reduced first-pass metabolism
Oxidative reactions (phase I) may be reduced, prolonging
                    half-life
Conjugation (phase II metabolism) usually preserved
Difficult to predict exact individual effects


              
	Reduced renal excretion	Accumulation and prolonged effects of drugs and metabolites
	 Pharmacodynamic Impact 
	Decreased receptor density, increased receptor affinity	Increased sensitivity to therapeutic and side effects


Source: [188]


In older adults, heightened sensitivity to adverse effects results from physiologic changes, drug interactions, and drug-disease interactions [189]. Aging is associated with higher steady-state concentrations of water-soluble drugs and increased half-life of fat-soluble drugs. Consequently, opioid use in older adults may necessitate a lower than usual dose or longer dosage interval in order to maintain an appropriate balance between analgesia and side effect risk [190]. Other functional changes and comorbidities that impact opioid pharmacokinetics may also influence patient response and tolerability. Therefore, the selection and prescribed dosage of opioids in elderly patients must be considered carefully [187].
Older adults are also more likely to be prescribed multiple medications for a variety of chronic and acute conditions. In some cases of multimorbidity and chronic conditions (e.g., hypertension), the use of multiple medications may be unavoidable if one is to follow best practice clinical guidelines; this is referred to as "appropriate polypharmacy." However, even when the prescription of multiple medications is warranted, it raises the risks of drug-drug interactions, compliance issues, and adverse effects.
Elderly adults are more likely than younger adults to experience significant chronic pain because of the higher prevalence of rheumatic diseases, orthopedic conditions, and other debilitating illnesses. In many cases, opioid therapy with optimum patient-treatment matching is the safest analgesic option for elderly patients compared with oral NSAIDs, acetaminophen, antidepressants, or anticonvulsants [49].

MEDICAL COMORBIDITIES



Comorbid medical or neuropsychiatric conditions can affect opioid response or tolerability by interfering with opioid metabolism, elimination, efficacy, and adherence. Many patients require polypharmacy, especially the elderly and patients with psychiatric illness, cancer, cardiovascular disease, diabetes, and other chronic illnesses. As discussed, polypharmacy elevates risks of drug interactions that reduce efficacy or increase toxicity [191].
Cardiovascular, cerebrovascular, and respiratory disease all impact susceptibility to respiratory depression, bradycardia, or hypotension. Neurologic or neuropsychiatric conditions such as dementia, brain injury, or psychiatric illness may render the patient more susceptible to adverse CNS effects from opioids, such as cognitive impairment or sedation [191]. The presence of significant cognitive or intellectual disabilities can accompany sensory or communication disorders to interfere with verbal or nonverbal communication of pain to healthcare providers. In these patients, chronic pain can manifest in behavioral challenges or gradual declines in function. Appropriate treatment can greatly improve patient quality of life and caregiver stress [71].
Hepatic Dysfunction



Opioid biotransformation occurs in the liver, and any significant impairment in hepatic function will delay the metabolism and prolong the effect of opioids and their metabolites. Generally, CYP-mediated metabolism is affected more than glucuronidation, although opioids solely metabolized by glucuronidation also show altered pharmacokinetics. Morphine clearance is reduced ≥25%, and hydromorphone plasma concentrations are increased four-fold [191]. As such, it is important to avoid using oxymorphone and tapentadol and to use hydromorphone and oxycodone with great caution in these patients. Fentanyl is the first-choice opioid in patients with serious liver disease. Buprenorphine is safe in patients with mild-to-moderate liver disease, and methadone can also be used safely [103]. All opioids should be used with extreme caution with lowest-dose initiation [191].

Renal Dysfunction



Renal impairment can interfere with clearance of opioids and metabolites, which may lead to serum concentrations rising to dangerous levels. Delayed morphine elimination can lead to respiratory depression, excitotoxicity, and/or neurotoxicity. In these patients, morphine, hydromorphone, tramadol, tapentadol, and codeine should be avoided. Oxymorphone and oxycodone may be used with great caution. Fentanyl should be considered as the opioid of first choice for patients with renal impairment, followed by buprenorphine and methadone [103]. All opioids should be started at a low dose and slowly titrated [191].

Cardiovascular Disease



In patients with heart failure, special care should be taken with methadone. Some patients prescribed methadone for chronic pain may be at increased risk for developing prolonged QT interval or may already have a congenital QT prolongation.
Tramadol is recommended ahead of NSAIDs for patients with significant cardiovascular risk, and the same can be argued for tapentadol. Fentanyl, morphine, or oxycodone should be considered for these patients, as none are significantly associated with QT prolongation [190].


GENETIC FACTORS



Morphine, oxycodone, hydromorphone, and fentanyl have
        comparable population level efficacy but widely variable analgesic efficacy and tolerability
        at the individual level; the same drug/dose may be toxic in some patients and have little or
        no effect in others. For example, up to 30% of patients with cancer-related pain show poor
        morphine response from inadequate analgesia or intolerability, but most achieve pain control
        with alternative opioids. Genetic factors account for at least 25% of this response
        variation to opioids [99,192]. Genetic variations with greatest
        confirmation and relevance to opioid kinetics and dynamics include CYP450 enzymes, P-gp
        transporter ABCB1, catechol-O-methyltransferase (COMT)
        enzymes, and cytokine gene promoters (Table 4).
Table 4: PRIMARY PHARMACOGENETIC INFLUENCES IN OPIOID ANALGESIC RESPONSE
	Site of Activity	Genes of Interest	Function
	CYP450	
              CYP2D6
            	
              Involved in metabolism of several opioids analgesics, including:

              	Codeine to morphine
	Oxycodone to oxymorphone
	Tramadol to O-desmethyltramadol
	Hydrocodone to hydromorphone



            
	P-gp	ABCB1/MDR1	Decreased P-gp expression and activity can affect brain opioid levels and increase toxicity risk
	COMT	
              COMT
Val158Met variant


            	May increase dopaminergic stimulation due to dysfunctional COMT activity, which upregulates mu opioid receptor expression and increases morphine efficacy
	Mu opioid receptor	OPRM1	Codes the expression of higher mu opioid receptor binding affinity of b-endorphin
	Kappa opioid receptor	MC1R	Sex-specific increase in pain perception and analgesic response via the kappa opioid receptor
	COMT = Catechol-O-methyltransferase, P-gp = P-glycoprotein.


Source: [184,192]


P-glycoprotein (P-gp) transporter ABCB1



The P-gp transporter ABCB1, encoded by the ABCB1 gene, regulates the cerebrospinal fluid and serum levels of drugs passing the blood-brain barrier. ABCB1 polymorphism alters P-gp transporter expression and activity at the blood-brain barrier to influence drug concentrations, CNS parent drug/metabolite ratios, and adverse effects. The impact of polymorphic ABCB1 varies with the particular opioid in use. With morphine, it is associated with increased systemic and CNS exposure and accumulation; with fentanyl, increased respiratory depression; and with oxycodone, greater pain reduction and adverse effects due to higher plasma concentrations [193].

Cytochrome P450 Enzymes



As discussed, CYP enzymes influence the concentration of circulating opioids. Polymorphism of genes that encode CYP isoenzymes can affect opioid metabolism by determining isoenzyme activity level [194]. Polymorphic CYP2D6 is the most important genetic determinant of opioid response [1].
Phenotypic variations due to CYP2D6 polymorphism are classed into four functional groups: poor, intermediate, extensive, and ultra-rapid metabolizers [175]. In the general population, polymorphic CYP2D6 results in ultra-rapid metabolism in 7%, poor metabolism in 10%, intermediate metabolism in 35%, and extensive metabolism in 48%. In white individuals, 77% to 92% are CYP2D6 extensive metabolizers. However, racial differences are found in polymorphic CYP2D6 distribution, with greater effects seen in certain groups (Table 5) [194].
Table 5: ETHNIC/RACIAL DISTRIBUTION OF POLYMORPHIC CYP2D6
	Ethnicity/Race	Poor Metabolism	Intermediate Metabolism	Ultra-Rapid Metabolism
	White	5% to 10%	2% to 11%	0.8% to 4.3%
	Asian	1% to 2%	51%	0.9%
	Black/African American	2% to 4%	30%	N/A
	Hispanic	2.2% to 6.6%	N/A	1.7%
	N/A = Not available.


Source: [193,194,195]


Inactive/Absent Activity (Poor Metabolizers)
In patients with CYP2D6 polymorphism resulting in poor metabolism, the opioid cannot undergo metabolism and is eliminated unchanged. Absence of metabolic activity delays clearance and elevates plasma opioid concentration. This phenotype is hazardous and especially dangerous in opioid-naïve patients. Another effect is analgesic failure with pro-drugs, from the inability to convert to the active metabolite [175,196].
Underactive Activity
In intermediate metabolizers, the isoenzyme functions at reduced activity level and the opioid is metabolized at a slower rate, delaying plasma clearance, elevating serum concentration, and increasing toxicity potential. In some patients, isoenzyme function is activated with high serum opioid concentration, but these patients have greater overall risk of adverse effects and require lower opioid dosing [175,194].
Full Activity
The greatest proportion of the population has extensive (full) opioid metabolism ability. With isoenzyme activity fully functional, patients show expected opioid dose response and the expected rate of opioid metabolism [194,197].
Overactive Activity
In overactive (ultra-rapid) metabolizers, accelerated opioid metabolism and clearance results in analgesic failure from serum concentrations not reaching analgesic threshold, leading to ongoing pain and frequent dose escalation to attain analgesia. Another effect is greatly reduced analgesic duration, as when an ER opioid normally providing 12 hours of analgesia is effective for only 4 hours [175,194].

Mu Opioid Receptor-1 (OPRM1)



The mu opioid receptor is the primary site of action for opioid analgesics, encoded by the mu opioid receptor-1 (OPRM1) gene. The OPRM1 polymorphism most consistently associated with opioid response is A118G, which results in higher mu opioid receptor binding affinity of beta-endorphins. Studies show a pattern of less analgesia (i.e., higher dose requirements for morphine, tramadol, and fentanyl) and fewer CNS and GI side effects in patients with this polymorphism, reflecting reduced mu opioid receptor sensitivity and higher drug concentrations required to displace beta-endorphin from the mu opioid receptor [193]. A study of genetic influences on oxycodone response also found variations in mu and delta opioid receptor genes that may explain differences in patient responses [198].

Catechol-O-Methyltransferase (COMT)



The COMT enzyme is responsible for inactivating catecholamines. The most widely studied variant is a nucleotide substitution that changes the amino acid from valine to methionine at codon 158 (Val158Met). This alteration reduces the enzymatic activity of COMT, and low COMT activity is associated with increased mu opioid receptor system sensitivity to morphine [184,192].

Cytokines



Cytokines are vital for coordination of immune and inflammatory response and are broadly classed as pro-inflammatory or anti-inflammatory mediators. Polymorphic cytokine gene promoters are associated with greater pain severity and greater morphine dose requirements [184,192].

Clinical Relevance



As discussed, there is patient-to-patient variability in the rate at which opioids are metabolized based on genetic phenotype. Patients who are poor or intermediate metabolizers achieve a therapeutic effect at low doses and are at higher risk of toxicity at usual doses of opioid. Patients who are rapid metabolizers require higher and more frequent opioid dosing in order to achieve and maintain plasma concentrations in the therapeutic range. Importantly, with opioid pro-drugs like codeine and tramadol, phenotypic influence on the pharmacokinetics of the primary analgesic metabolite is reversed [197,199].
Following poor metabolic response to an opioid pro-drug or ultra-rapid metabolic response to a conventional opioid, patients may insist on the need for higher doses due to analgesic failure [195]. Clinicians should avoid assumptions of addiction, abuse, or drug seeking until further investigation clarifies the underlying cause of analgesic failure. This patient behavior may reflect a polymorphic-mediated pseudoaddiction. In patients who rapidly metabolize opioids and who develop physiologic dependence with long-term use, forced or arbitrary opioid reduction can be hazardous—serum opioid concentrations may drop too rapidly to a low or zero level and produce severe opioid withdrawal, pain rebound, and cardiovascular hyperactivity that, in older patients, carries some risk for cardiac arrest or stroke [175].
Codeine
As an inactive pro-drug that requires metabolism by CYP2D6 into morphine for analgesia, poor and intermediate metabolizers gain little to no analgesia from codeine. In contrast, ultra-rapid metabolizers can have dangerously high serum morphine levels with standard-dose codeine, because the codeine-to-morphine conversion progresses more rapidly and a higher overall proportion of codeine is converted to morphine. This can result in severe or life-threatening side effects [197].
Tramadol
Tramadol is also a pro-drug, and clinical response is significantly lower in poor metabolizers, who require at least 30% greater tramadol dosing than patients with normal CYP2D6 activity [145]. Concurrent use of CYP2D6 inhibitors further contributes to metabolic interference. Poor metabolizers show poor pain control and a four-fold need for rescue medication with tramadol, while ultra-rapid metabolizers have shown intoxication, serious adverse effects requiring hospitalization, respiratory depression requiring naloxone, and near-fatal cardiotoxicity [196].
Oxycodone
The biotransformation of oxycodone involves CYP2D6 and CYP3A4; the two isoenzymes are prominently linked by activity and metabolic byproduct [176]. As such, polymorphic CYP2D6 significantly impacts oxycodone analgesia and toxicity. Ultra-rapid metabolizers experience significantly greater analgesic effect and toxicity, while poor metabolizers experience minimal therapeutic or side effects. Concurrent use of CYP3A4 inhibitors dramatically elevates analgesic efficacy and toxicity with oxycodone. This effect is further exaggerated in ultra-rapid metabolizers, who risk serious side effects and potentially fatal respiratory depression; an alternative analgesic should be considered in these patients [176].
Hydrocodone
Poor metabolizers with CYP2D6 polymorphism have a 10- to 20-fold lower rate of hydrocodone clearance and reduced production of the active metabolite hydromorphone [115]. Evidence suggests that there is a heightened risk of side effects and toxicity if these patients concurrently ingest CYP3A4 inhibitors [196].
Methadone
The CYP3A4 and CYP2B6 isoenzymes primarily contribute to methadone metabolism. So, methadone should be used with caution in patients concurrently taking CYP3A4 or CYP2B6 inhibitors [196].


ANTICIPATING FACTORS THAT ALTER PATIENT RESPONSE TO OPIOIDS



Basic guidelines have been established to prevent opioid toxicity and overdose due to factors that alter opioid pharmacokinetics [175,190,199]. Genetic testing to identify polymorphisms relevant to opioid analgesics is not commercially available or affordable. Instead, providers should screen all patients for CYP450 polymorphism before prescribing an opioid by taking a medication history with an emphasis on side effects, therapeutic failure, beneficial effects, drug sensitivity requiring a low dose, and insensitivity requiring a high dose. For example, a history of inadequate response or marked side effects to codeine suggests that selecting an opioid not metabolized by CYP2D6 (e.g., tapentadol, morphine, fentanyl, oxymorphone) is warranted.
With suspected CYP450 polymorphism or in patients requiring
        several non-opioid medications that interact with CYP2D6, CYP3A4, CYP2C9, or CYP2C19
        isoenzymes, prescribers should select an opioid with a metabolic pathway that mostly
        bypasses the CYP450 system. These include hydromorphone, oxymorphone, levorphanol, and
        tapentadol. Oxymorphone is perhaps the safest, as it lacks CYP450 metabolism and has no
        active or toxic metabolites.
All patients prescribed opioid analgesics should receive education on the dangers of co-ingesting benzodiazepines, antidepressants, and agents or drug classes that are known CYP450 enzyme inhibitors.


14. OPIOID SELECTION, INITIATION, AND MANAGEMENT



Analgesic response, safety, and tolerability are highly influenced by the complex interplay of opioid and patient factors. These factors should be considered before selecting an opioid agent and initiating treatment.
OPIOID RESPONSIVENESS



Opioid responsiveness is defined as the "degree of analgesia achieved as the opioid dose is titrated to an endpoint, defined either by intolerable side effects or the occurrence of acceptable analgesia" [200]. Poor pain response to opioids is the result of intolerable side effect(s), inadequate analgesia, or both, despite dose escalation. When poor analgesic response is identified, the clinician should consider using adjuvant analgesics, switching opioids, changing the route of administration, or using NMDA receptor antagonists [103].

RECENT OPIOID EXPOSURE



An essential safety factor in opioid selection is current opioid exposure. Many ER/LA opioid formulations and transmucosal immediate-release fentanyl are explicitly prohibited from use in opioid-naïve patients due to the high risk of severe, potentially fatal respiratory depression [201]. Patients should be identified as opioid-tolerant before considering the use of these particular formulations.
The term "opioid-tolerant" differs from "opioid tolerance." Opioid tolerance is the physiologic adaptation to opioid exposure over time that manifests in reduced drug effect [157,202]. On the other hand, a patient is considered opioid-tolerant after continuous opioid use for at least one week of at least 60 mg/day oral morphine, 25 mcg/hour transdermal fentanyl, 30 mg/day oral oxycodone, 8 mg/day oral hydromorphone, 25 mg/day oral oxymorphone, or an equianalgesic dose of another opioid [181]. ER/LA opioid analgesic products and dose levels restricted to opioid-tolerant patients are shown in Table 6.
Table 6: ER/LA OPIOID ANALGESIC PRODUCTS AND DOSES RESTRICTED TO OPIOID-TOLERANT PATIENTS
	 Brand Name 	 Generic Name 	 Doses Restricted to Opioid-Tolerant Patients 
	Avinza	Morphine capsules 	90 mg, 120 mg
	Belbuca	Buprenorphine buccal film	>75 mcg film/day
	Butrans	Transdermal buprenorphine	7.5, 10, 15, and 20 mcg/hr
	Dolophine, Methadose	Methadone tablets 	Refer to full prescribing information
	Duragesic	Fentanyl transdermal system	All doses
	Embeda	Morphine/naltrexone capsules 	100 mg/4 mg
	Exalgo	Hydromorphone tablets	All doses
	Hysingla ER	Hydrocodone bitartrate tablets  	Single-dose ≥80 mg
	Kadian	Morphine capsules	100, 130, 150, and 200 mg
	MorphaBond	Morphine tablets	100 mg
	MS Contin	Morphine tablets 	100 mg, 200 mg
	Nucynta ER	Tapentadol tablets	No product-specific concerns
	OxyContin	Oxycodone tablets	Single-dose >40 mg, daily dose >80 mg
	Targiniq ER	Oxycodone/naloxone tablets	Single-dose >40 mg/20 mg, daily dose >80 mg/40 mg
	Xtampza ER	Oxycodone capsules	Single-dose >40 mg, daily dose >80 mg
	Zohydro ER	Hydrocodone bitartrate capsules	Single-dose >36 mg, daily dose >72 mg
	ER = Extended-release.


Source: [181,203]



ROUTES OF ADMINISTRATION AND FORMULATIONS



As discussed, opioids are available for many routes of administration, including oral, rectal, SC, IV, transdermal, transmucosal, and intraspinal. The oral route of administration is simple, cost-effective, and preferred, and SA and ER formulations are available for most oral opioids [103]. SA opioids are used to control pain until reaching a steady state.
SC, IV, rectal, transdermal, transmucosal, or intraspinal
        routes of administration are used when patients cannot take oral medications. IM
        administration is contraindicated, as it lacks any pharmacokinetic advantage and is painful.
        SC delivery is relatively easy, effective, and safe. IV is useful when pain is severe or
        pain levels have acutely increased. Transdermal fentanyl preparations are effective for
        patients unable to take oral medications who have stable pain control. Transmucosal fentanyl
        is similar to IV administration in its rapid onset and is used for acute breakthrough pain.
        The intraspinal route of administration is either epidural or intrathecal. This is the most
        invasive mode of opioid delivery and requires specialist involvement, but it confers
        advantages in patients with significant dose-limiting adverse effects, because systemic
        exposure is circumvented. Intraspinal delivery allows adjuvant medications to be directly
        administered to the spinal cord [103].
ER/LA Opioid Formulations



Although SA opioids are effective for pain control in many clinical contexts, they are characterized by pharmacokinetic shortcomings that may interfere with achieving sustained analgesia. ER formulations were developed to circumvent these pharmacokinetic shortcomings. Transdermal formulations of fentanyl and buprenorphine avoid the extensive first-pass metabolism that limits bioavailability with oral opioids [1]. ER formulations also lack the acetaminophen or ibuprofen found in many SA codeine, hydrocodone, and oxycodone formulations. These non-opioid analgesics impose a daily dose ceiling because of toxicity risks [137].
Several high-potency oral opioids have been used for decades to treat moderate-to-severe pain, including morphine, oxycodone, hydromorphone, levorphanol, methadone, and oxymorphone [16]. Methadone and levorphanol are inherently long acting, while morphine, oxycodone, hydromorphone, and oxymorphone possess a short analgesic duration and plasma half-life that requires frequent administration to establish and maintain a satisfactory analgesic effect. Before the 1990s, high-potency opioids were primarily used in surgery and inpatient settings, because they required IV or IM administration [154]. Oral ER formulations of these opioids were introduced to fulfill the unmet need of outpatients with chronic or disabling pain who required continuous analgesia not achievable with SA formulations [204,205].
The terminology used to describe delayed-release opioids can be confusing. Opioids formulated with a release-delaying mechanism have been designated as ER, continuous or controlled release (CR), or sustained-release (SR), but these terms lack specific definition. Methadone and levorphanol are termed LA opioids to distinguish their inherently longer analgesic duration from opioids reformulated with an ER mechanism [206]. Likewise, the original strong opioids with relatively brief analgesic duration have been termed immediate-release or IR, but SA is a more accurate designation. IR is better reserved for truly rapid-onset opioids such as transmucosal immediate-release fentanyl.
Absorption, distribution, and metabolism influence the duration and stability of opioid analgesia and are difficult to manipulate with SA opioids. ER formulations modify the kinetic behavior of the opioid without changing the pharmacodynamic characteristics in order to improve analgesia through prolonged plasma concentration, lower maximum and higher minimum concentration, reduced fluctuation in plasma concentration, and delayed time in reaching maximum concentration [207,208]. These ER opioid kinetics are thought to allow pre-emptive pain control instead of attempting to control pain after it becomes established (i.e., "chasing the pain"). This reduces or eliminates gaps in analgesia when plasma levels decline before the next scheduled dosing; decreases sleep interruption, side effects, and early opioid withdrawal symptoms by improving adherence and decreasing dose frequency; and reduces abuse potential by decreasing reward and reinforcement from slower onset of effects [72,154,209].
Fluctuating analgesia levels achieved with SA opioids can result in a need to take the medications more frequently (for comfort). This can cause conditioned passive pill-taking behavior, which can discourage the patient from taking an active role in pain self-care. The enhanced analgesic coverage and adherence with ER opioids may improve assessment of changes in the underlying pain condition or the chronic pain state by reducing the confounding factor of analgesic fluctuation [137].
The theoretical advantages of ER over SA formulations have been difficult to demonstrate in randomized controlled trials. However, there have been some comparison trials that may give some insight into the basis for ER formulations. In one study, a patient adherence advantage was found with ER formulations versus SA opioids, which may translate into improved pain relief [206]. In patients with moderate or greater chronic pain, CR tramadol showed lower pain scores and higher patient and investigator efficacy ratings than SA tramadol [210]. In addition, the daily variations in pain control experienced with twice-daily morphine were not reported with once-daily dosing, and this correlated with stability in serum morphine concentrations [211].
Compared with three-times daily morphine, twice-daily morphine is superior in pain control, sleep quality, and physical and mental impairment. In one study, almost twice as many patients dropped out with three-times daily versus twice-daily morphine, with inadequate pain relief the primary reason [212]. Patients with moderate-to-severe cancer-related pain show significantly greater dropout rates with four-times daily oxycodone than with twice-daily oxycodone due to inadequate pain control and side effects [213]. Another study of patients with cancer pain reported significantly greater tiredness during initial titration with six-times daily morphine versus once-daily morphine [214].
A literature review found that ER formulations of morphine, oxymorphone, oxycodone, and tramadol promoted improvements in ability to fall asleep, sleep quality, sleep duration, and pain-related sleep disturbance compared with SA formulations [206]. Patients with osteoarthritis have shown significantly improved sleep quality scores with ER versus SA oxycodone and with once-daily compared with twice-daily morphine [215,216].
The CDC recommends initiation of opioid therapy with an SA
          formulation, but no further discussion or guidance is given [28]. The FDA states that the use of ER/LA
          opioids is indicated for pain severe enough to require daily, around-the-clock, long-term
          opioid treatment for which alternative treatment options are inadequate [181]. To ensure that benefits outweigh risks
          and to reduce risks while preserving access to opioid analgesics, the FDA has implemented
          risk evaluation and mitigation strategies (REMS) for ER/LA opioid analgesics. The ER/LA
          REMS program consists of a core prescriber education component that stresses safe product
          use, patient safety information, and guidance on patient counseling. This REMS-compliant
          education is strongly encouraged but not mandatory [181].
Contraindications to ER/LA Opioid Formulations
Class-wide contraindications to ER/LA opioids include [181]:
      
	Concurrent alcohol use (can cause rapid opioid release and potentially fatal respiratory depression)
	Mild pain, short-term, or acute pain
	Use as pre-emptive analgesia
	Postsurgical pain
	As-needed use for intermittent pain
	Paralytic ileus
	Acute or severe bronchial asthma or hypercapnia
	Significant respiratory depression, unless resuscitative equipment and respiration monitors are available


In addition to contraindications for all ER/LA opioids, there are some agent-specific
          contraindications. For example, dosages greater than 1,600 mg/day of morphine ER (Avinza)
          should be avoided due to the risk of severe liver toxicity from the fumaric acid
          excipient. Oxycodone/naloxone ER (Targiniq) should not be used in patients with moderate
          or severe hepatic impairment. Tapentadol ER (Nucynta) is contraindicated in the presence
          of current or past 14-day MAOI use.
With postoperative, acute, or chronic intermittent pain, analgesia often requires frequent titration, and the two- to four-hour analgesic duration with SA hydrocodone, morphine, or oxycodone is more effective than ER formulations. SA opioids are also recommended in patients who are medically unstable or with highly variable pain intensity [15,207,209].
Treatment of moderate-to-severe persistent pain in opioid-naïve patients should be initiated with an SA opioid, with subsequent upward or downward dose adjustment until reaching adequate and tolerable analgesia [28]. When satisfactory analgesia and dose stability are achieved, the patient should be switched to an ER formulation of the initial opioid (assuming patient tolerability) [15,177].
When switching from SA to ER formulations, patients should be advised not to expect the relatively rapid onset of relief they may be used to with the SA opioid. Analgesic benefit will become evident over time, and taking a second tablet to speed the onset of pain relief may lead to delayed toxicity or overdose. These medications should be stored securely, never shared, never chewed or crushed, and properly disposed of when no longer needed, as they contain large amounts of opioid and are potentially lethal if ingested by someone without tolerance or tampered with to cause rapid release of the contents [137].


DOSING



In clinical practice, patients may require more frequent dosing intervals with LA/ER opioids than recommended in product labeling by the manufacturer. For example, the labeling for CR oxycodone recommends every-12-hour dosing, but some studies have found that patients need a dose interval of 7 to 8 hours and that the majority of such patients are prescribed CR oxycodone three to four times daily [217,218,219]. Other studies of patients with moderate-to-severe pain found the majority used CR morphine three to four times daily [220]. Transdermal fentanyl patch labeling recommends patch replacement every 72 hours, but in one study, close to 50% of patients required patch replacement every 24 or 48 hours [218,220].
This disparity can be explained by how premarket drug evaluation studies obtain pharmacokinetic data used in postmarket product labeling. These data are usually obtained from phase I studies that evaluate kinetic behavior of the drug in younger, healthy volunteers free of medical and psychiatric comorbidity and other medication use. This eliminates most patient factors that alter the pharmacokinetics of the drug. Less often, analgesic pharmacokinetic data are obtained from clinical samples involving subjects with a given pain condition, free of other medical and psychiatric comorbidities and concurrent medication use. These tightly controlled conditions eliminate factors that could later confound postmarking clinical data, but this limits applicability of the results to typical patients in real-world settings. No single opioid dosing protocol can fit the characteristics of all patients to determine analgesic response, tolerability, and required dose frequency [221].
The FDA permits marketing of generic drugs when bioequivalence is shown. This parameter is met when serum levels of the active constituent fall within 80% to 125% of the original branded drug. The allowable variation in serum levels can be problematic in agents with a narrow therapeutic index. An added complexity is that FDA mainly relies on self-reported bioequivalence evaluation by the generic drug makers [221,222].

DOSE TITRATION




Evidence Based Practice Recommendation

The American Society of Interventional Pain Physicians recommends
            titration of long-acting opioids should be carried out with caution.
https://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Good (Evidence
            includes consistent results from well-designed, well-conducted studies in representative
            populations that directly assess effects on health outcomes.)


Titration is the process of incremental dose change based on individual patient
        needs and responses. The dose is increased (escalated) or decreased (tapered) until a
        reasonable balance is reached between analgesia and tolerability. Gradual titration allows
        sufficient time to ensure that the patient obtains the fullest degree of analgesia possible
        at the current dosage before further escalation is considered [223]. Regardless of opioid or dose, titration
        should be individualized based on health and pain status, treatment goals, and previous
        opioid response. Side effects such as sedation or nausea can interfere with upward
        titration.
Opioid titration is slower with ER than SA formulations. When transitioning from SA to ER formulations of the same opioid, the dose is based on the equivalent total daily dose [157].

OPIOID ROTATION OR SWITCHING



Pharmacologists formerly considered opioid analgesics interchangeable, on the basis of shared mu opioid receptor agonism, differing mainly by potency. In contrast, clinicians have long observed subtle but important pharmacologic differences in potency, efficacy, and tolerability [224]. It is now known that individual differences in mu opioid receptor expression and density contribute to this variation.
Opioid rotation exploits these pharmacologic differences and
        incomplete cross-tolerance among opioids and involves switching the current opioid or route
        of administration to improve efficiency and safety [173,223]. Opioid rotation
        can be an effective strategy for overcoming analgesic failure, side effect intolerance,
        problematic drug interactions, opioid-induced hyperalgesia, change in clinical status,
        problems related to medication cost and/or availability, need for a different route of
        administration, and patient preference [173,223,225].
Equianalgesic-Dose Tables



Verbatim use of equianalgesic-dose tables for opioid rotation contributed to opioid analgesic deaths in the 2000s and prompted changes in opioid conversion methods to mitigate risk and improve safety [12]. These tables include calculations derived from single dosing in opioid-naïve patients and permit broad guidance only. To ensure safety, a new opioid should start 50% below the calculated comparable dose to compensate for variable opioid response and incomplete cross-tolerance. The new opioid is titrated using product-specific instructions, with SA opioids used for analgesic rescue in breakthrough pain until reaching up-titration [12,20,226].
Morphine is the reference against which other opioids are compared, and analgesic
          potency is calculated as dose equivalence to morphine (i.e., MED). Table
              7 shows a typical equianalgesic-dose table with figures
          validated for acute pain in opioid-naïve patients and conversions for opioid-tolerant
          patients [181].
Table 7: OPIOID ANALGESIC APPROXIMATE DOSE EQUIVALENTS
	Opioid Analgesic	Oral Dose	Parenteral Dose	Morphine Equipotency Ratio, Oral
	Morphine	30 mg	10 mg	Reference opioid
	Codeine	200 mg	100 mg	Not established
	Fentanyl (transdermal)	Not applicable	100 mcg	Not applicable
	Hydrocodone (Zohydro ER)	30–45 mg	Not applicable	1.5:1
	Hydromorphone (Exalgo ER)	8 mg	2 mg	5:1
	Levorphanol	4 mg	2 mg	Not established
	Oxycodone (OxyContin ER)	20–30 mg	10–15 mg	2:1


Source: [123,181]



Breakthrough Pain Management



Breakthrough pain has been defined as a sharply increased pain episode with otherwise stable, well-controlled pain. The incidence of breakthrough pain in patients with chronic cancer and noncancer pain is 50% to 90%, even with pain appropriately managed with around-the-clock opioid analgesic coverage [228,229,230]. Breakthrough pain types include spontaneous, incidental, and end-of-dose failure. It is important to minimize the use of medications to address breakthrough pain in patients with chronic pain by titrating the baseline opioid dose or using adjunctive agents. If necessary, a reasonable dose for breakthrough pain is 10% to 15% of the total daily opioid dose [184]. Transmucosal immediate-release fentanyl products may be considered if prevention and control of breakthrough pain is not achieved.
Pharmacokinetic factors determine the options for breakthrough pain treatment. Analgesics for breakthrough pain are ideally selected according to the time it takes to reach maximum serum concentration. This period depends on the route of administration, usually attained by 1 hour with oral, 30 minutes with SC, and 6 minutes with IV routes [103].
Despite the self-limited duration (mean: 30 to 60 minutes), breakthrough pain is highly distressing to the patient and burdensome to families, caregivers, and healthcare systems. It is linked to decreased functional status, treatment dissatisfaction, and worse medical outcomes. Breakthrough pain may go unrecognized and is often undertreated due to lack of knowledge and undue concern regarding overmedicating [231]. Of patients with breakthrough pain, 60% describe pain intensity as severe but only half take medication to address it [117]. Breakthrough pain has an unpredictable onset and reaches peak pain intensity in 5 to 15 minutes, making SA morphine, hydromorphone, and oxycodone—with onsets of action 30 minutes after oral ingestion—ineffective [143].
IV fentanyl analgesia, with onset of action in 5 to 8 minutes and duration of 30 to 60 minutes, is ideal but not feasible for outpatient breakthrough pain management. Instead, transmucosal immediate-release fentanyl products overcome the limitations of SA opioids to deliver analgesia approaching the rapid onset of IV fentanyl [231]. Available products include [201]:
      
	Sublingual tablet  (Abstral)
	Citrate oral transmucosal lozenge  (Actiq)
	Buccal tablet (Fentora)
	Nasal spray  (Lazanda)
	Buccal soluble film (Onsolis)
	Sublingual spray (Subsys)


Transmucosal immediate-release fentanyl products have been shown superior in pain reduction to placebo at all time points from 15 to 60 minutes and to SA oral morphine in the initial 45 minutes. Among these products, intranasal fentanyl spray is possibly superior to the buccal tablet and oral transmucosal lozenge in the first 30 minutes of dosing [143].
Transmucosal immediate-release fentanyl products are highly potent, rapid-acting opioids, and their use by opioid-naïve persons can be fatal at any dose. To ensure that benefits outweigh risks, the FDA enacted a class-wide REMS that emphasizes appropriate product prescribing and dispensing to opioid-tolerant patients only. It is also important to avoid the inappropriate conversion between one transmucosal immediate-release fentanyl product and another and to safeguard against accidental exposure to children and others. The FDA recommends prescribers, pharmacists, and patients be educated on the safe use and risks of misuse, abuse, addiction, and fatal overdose associated with these products. The diverse routes of administration of transmucosal immediate-release fentanyl products allow greater matching of product with patient preference, often determined by disease and breakthrough pain characteristics [201].
Although often used off-label, transmucosal immediate-release fentanyl medications are only approved for breakthrough pain in adults (18 years of age or older) with cancer who are already receiving, and are tolerant to, regular opioid therapy for underlying persistent cancer pain [143,231]. The exception is Actiq and generic equivalents, which are approved starting at 16 years of age. Even highly opioid-tolerant patients should start at the lowest available dose. Patients may need to switch between formulations to find the best match, but prescribers should never attempt this without guidance from specific product prescribing information, available on the FDA website at https://www.TIRFREMSaccess.com. This website should be consulted for all information regarding transmucosal immediate-release fentanyl products, including new and updated information [201].

Analgesic Failure



Pain control and tolerability in long-term opioid therapy may be hindered by the development of analgesic tolerance, opioid-induced hyperalgesia, oral opioid malabsorption, or HPA-axis dysfunction. One way to gauge the adequacy of pain control is to consider whether the use of added opioids has resulted in improvements in functioning, physical capacity, psychologic well-being, family/social interactions, and healthcare resource use, which are weighed against unwanted effects, such as daytime sedation, mental confusion, constipation, and other side effects.
Tolerance
Opioid tolerance and opioid-induced hyperalgesia are both characterized by diminishing pain control. However, tolerance may reflect decreased opioid sensitivity, while opioid-induced hyperalgesia represents increased pain sensitivity [232]. Etiologically, opioid tolerance reflects an adaptation to drug exposure over time that diminishes drug effect, though pain can generally be controlled with dose escalation. Opioid-induced hyperalgesia reflects a paradoxical increase in pain that may worsen with opioid up-titration [233,234].
Tolerance to opioids may develop in several ways. Short-term use inhibits the production and release of endogenous opioids (e.g., beta-endorphins), while long-term use may also inhibit mu-opioid receptor expression. Studies of long-term morphine use have found down-regulation in POMC gene expression and subsequent decrease in endorphin production; decreased mu opioid receptor density on beta-endorphin containing neurons in the hypothalamus; and mu opioid receptor uncoupling from ligand-gated voltage channels with decreased ion channel potency and efficacy [111]. Morphine analgesic tolerance may also result from increased production of the anti-opioid peptides that bind mu receptors to decrease opioid binding and activation of mu opioid receptors. These processes develop over time and correspond with patient requirements for increasing opioid dose to maintain analgesia [111].
Other mechanisms may contribute to the loss of opioid analgesia. Pharmacokinetic changes can accelerate opioid metabolism and elimination from up-regulation of enzymatic activity in the metabolic pathway for the opioid. With enzyme induction, plasma opioid concentration diminishes over time while dosing remains constant [233]. The addition of other medications can induce metabolizing enzymes, with accelerated breakdown and excretion of the opioid leading to loss of analgesia and the need for dose escalation to regain analgesia [235]. Pharmacodynamic processes that include activation of the NMDA receptor/nitric oxide cascade can also result in opioid hypoanalgesia. NMDA receptor or nitric oxide synthase blockade can prevent or reverse opioid tolerance [236,237,238].
Progression of the underlying pain condition can also increase pain intensity and require dose escalation to control the pain. This may be mistaken for pharmacologic tolerance [233]. In general, tolerance can be managed by opioid rotation, dose escalation, or adding a non-opioid analgesic [175].
Opioid-Induced Hyperalgesia
As noted, opioid-induced hyperalgesia is characterized by paradoxical pain amplification. Pain sensitivity is heightened in the absence of a new or exacerbated injury. Opioid-induced hyperalgesia should be suspected in the patient who reports an unusual or unexplained change in pain profile, a diffuse allodynia (i.e., pain from normally non-painful stimuli) not related to the original pain condition, or worsening pain in response to dose escalation [234,239].
Opioid-induced hyperalgesia involves CNS and PNS sensitization that develops through multiple mechanisms, including NMDA receptor activation; increased spinal cord dynorphin levels that activate excitatory pro-nociceptive neuropeptides; and CNS glial cell activation [232,233,234,240]. CNS pain facilitatory mechanisms contribute to hyperesthesia (i.e., exaggerated pain sensitivity) and allodynia. Pain abnormalities with opioid-induced hyperalgesia often reflect exacerbated pre-existing painful conditions, with pain intensity worse than before opioid therapy [232,241]. However, patients often describe the pain as more diffuse, less defined in quality, and typically extending beyond the original painful areas. Many features of pain associated with opioid-induced hyperalgesia resemble the pain experienced during opioid withdrawal, and both share a common neurobiology [232].
The diagnosis of opioid-induced hyperalgesia is often made in association with an increase in the opioid dose. Pain reduction indicates opioid tolerance, while worsening pain indicates opioid-induced hyperalgesia. Conversely, reducing the opioid may alleviate opioid-induced hyperalgesia symptoms, although care should be taken to avoid inducing withdrawal symptoms, which can increase pain and cloud the clinical picture [232].
Opioid-induced hyperalgesia is managed by addressing the underlying mechanisms. Morphine has the highest risk of opioid-induced hyperalgesia and should be replaced, if appropriate, in these patients. Switching to an NMDA antagonist opioid (e.g., methadone, levorphanol) is one approach. Spinal dynorphin is a kappa opioid receptor agonist, and kappa receptor antagonism may reverse opioid-induced hyperalgesia. As such, the kappa receptor antagonist buprenorphine is uniquely helpful as an alternative opioid for opioid-induced hyperalgesia [232]. If neuropathic pain is the original condition, it will often preferentially respond to non-opioid analgesics such as amitriptyline or pregabalin, which can enhance analgesia and decrease opioid dosing [234].
The NMDA antagonist ketamine has been used successfully in outpatients with
          opioid-induced hyperalgesia and is perhaps the most effective agent [239]. There is also evidence that concurrent
          use of the opioid antagonists naltrexone or naloxone at ultra-low doses can prevent
          opioid-induced hyperalgesia and enhance analgesia [242].
Oral Opioids and GI Malabsorption
Malabsorption may also contribute to analgesic failure. Possible causes of oral opioid failure were studied in 95 patients with intractable pain [19]. Patients were initially screened to assess pain and functional improvement with oral opioids; 21.1% had three or more failed oral opioid trials. Malabsorption symptoms of nausea and steatorrhea were identified in 100%, and undigested medication in the stool detected in 70%. Pain relief from IV hydromorphone was experienced by 75%. The researchers concluded that patients with intractable pain and oral opioid failure may have a GI condition that interferes with absorption. These patients require non-oral routes until the GI dysfunction is resolved [19].
Endocrinopathy
Some patients with severe chronic pain lack analgesic response from lower-dose opioids; their complaints of analgesic failure may be dismissed despite severe impairment and debilitation. It is crucial to consider an underlying endocrinopathy as a possible cause. In one study of 61 patients with refractory chronic pain, 80.3% showed at least one hormone abnormality and 11.5% showed severe pituitary-adrenal-gonadal deficiency [243].
Pain that is uncontrolled, intractable, or severe impacts the endocrine system. Pain is a potent stressor that initially elevates serum pituitary, adrenal, and gonadal hormones. Severe uncontrolled pain depletes serum hormone levels; this serves as a biomarker for endocrinopathies and indicates that enhanced analgesia and hormone replacement may be necessary. Adequate physiologic levels of specific hormones may be required for optimal analgesia, neuroprotection, and neurogenesis. Hormone replacement is not a substitute for opioids but can minimize dose requirements [243].
Patient Nonadherence
Many patients with chronic pain do not take their medication as prescribed or stop altogether. A review of 11 trials involving 2,473 patients found an overall discontinuation rate of 22.9%, including 11.4% with weak opioids and 34.1% with strong opioids [244]. Community-based studies have found that 21% to 38% of patients adhere to their prescribed opioid regimens [245,246].
Treatment adherence is essential for optimal pain control, for quality of life improvement, and to reduce healthcare utilization and associated costs. Inconsistent adherence to strong opioid prescriptions is the most important risk factor for hospitalization in these patients [247]. Poor adherence is also linked to problematic side effects, depression, higher dosing frequency, and negative attitudes of relatives or partners toward the patient's need for opioids. Adherence may be improved by patient education regarding the pain condition, realistic treatment expectations, and perceived benefit from treatment. In addition, primary care providers can modify risk factors for poor adherence by decreasing the dose frequency and addressing treatment expectation and benefit, side effects, depression, and attitudes of relatives and partners [248]. A tailored approach to opioid selection and titration optimizes the balance between pain control and side effects, which often enhances therapy adherence [1].



15. OPIOID ANALGESIC SIDE EFFECTS AND MANAGEMENT



All opioid analgesics have the potential for serious adverse effects when prescribed without careful consideration of patient factors. Even when prescribed with due diligence, patients may experience side effects that, if not anticipated or managed properly, can promote treatment discontinuation or analgesic failure from intolerance of therapeutic dosages. Side effects are generally adverse (with the possible exception of sleep-promoting sedation) and result from specific opioid pharmacology, patient age, comorbidities, genetic polymorphisms, and impaired hepatic or renal function [103].
Upon treatment with opioids, most patients report their pain is less intense, less distressing, or gone entirely, while other sensory perceptions are unchanged. A minority of patients experience euphoria, but it is more common for pain-free volunteers without a history of substance use disorder to describe morphine as unpleasant. Except in cases of acute intoxication, opioids, even highly potent mu agonists, seldom induce the loss of motor coordination or slurred speech characteristic of calming or sedating drugs [104,249].
Clinicians should anticipate and monitor common opioid side
      effects and discuss these effects with patients before opioids are initiated. Many side
      effects are time-limited and lessen or resolve following stable dosing. Tolerance to opioid
      effects tends to develop at different rates, ranked below in descending order [175]: 
	Euphoria (most rapid)
	Sedation
	Nausea
	Analgesia
	Constipation (late, if ever)


SEDATION



Sedation is a dose-dependent and often time-limited side effect. Anticholinergic activity of some opioids may contribute to sedation and drowsiness, but alleviation of pain can itself promote relaxation and sleep. Excessive sedation can occur with higher-dose initiation or rapid dose escalation and may result in nonadherence or reduced quality of life [110].
Management approaches for opioid-induced sedation include reduction or elimination of nonessential sedating medication (e.g., benzodiazepines, antihistamines, some TCAs, muscle relaxants), opioid dose reduction, and/or opioid rotation [110].

PRURITUS



Opioid analgesics can cause pruritus, which may be severe and difficult to manage, highly distressing to the patient, and among the top reasons for discontinuation. Pruritus is often misdiagnosed as an opioid allergic reaction, but true allergic and anaphylactic reaction to opioids is rare (<1%) and results from activation of central mu opioid, dopamine, serotonin, prostaglandin, and histamine receptors. Reactions related to histamine activation have been reported, most often with morphine. These reactions include urticaria, bronchospasm, and hypotension. When pruritus does occur, it typically involves the face, nose, and torso, and intrathecal administration is most associated with intense itching. Histamine release is most common with morphine [104,250].
The goal of treating opioid-associated pruritus is to ameliorate the symptom without reversing analgesia with opioid antagonists. Options include anti-histamines (e.g., diphenhydramine, hydroxyzine) or H2 blockers (e.g., ranitidine, cimetidine). Naloxone infusion may be considered if other treatments fail and itching is severe. Opioid rotation to a different synthesis class (natural, semisynthetic, or synthetic) may also be successful. Epidural kappa opioid receptor agonists nalbuphine or butorphanol can reverse pruritus from mu agonists while maintaining analgesia [110,250,251]. If a true opioid allergy is identified, the offending opioid should be replaced by an opioid from a different chemical class to avoid antibody recognition [128].

OPIOID-INDUCED CONSTIPATION AND BOWEL DYSFUNCTION




Evidence Based Practice Recommendation

The American Society of Interventional Pain Physicians asserts that
          constipation should be closely monitored in patients prescribed opioids and a bowel
          regimen be initiated as soon as deemed necessary.
https://www.guideline.gov/summaries/summary/38257

             Last Accessed: May 26, 2017
Level of Evidence: Good (Evidence
          includes consistent results from well-designed, well-conducted studies in representative
          populations that directly assess effects on health outcomes.)


GI symptoms are among the most common side effects reported
        with opioid use. Providers should be alert to the character and extent of patient distress
        resulting from these effects and the potential for non-adherence to therapy. Opioid-induced
        bowel dysfunction takes various forms, including dry mouth, nausea, vomiting, gastric
        stasis, bloating, abdominal pain, and opioid-induced constipation. Opioid activation of mu
        and kappa receptors in the neuronal plexus of the gut wall increases intestinal wall and
        sphincter resting tone and reduces biliary, pancreatic, and intestinal secretions. This
        results in dysrhythmic, non-propulsive contractions (bowel spasm), delayed passage and
        increased viscosity of intestinal contents, and the onset of constipation. Spasm and colic
        can also result from increased biliary tract tone [105,107].
Up to 91% of patients taking opioids experience
        constipation, the most common opioid-induced bowel dysfunction symptom. Opioid-induced
        constipation, often in combination with chronic nausea, can cause considerable distress,
        greatly diminished quality of life, and opioid discontinuation by as many as 33% of patients
          [252]. Most patients require constipation
        management for the duration of opioid therapy because complete tolerance rarely develops
          [123].
In order to prevent opioid-induced constipation, a laxative bowel regimen and bowel management education should be provided to all patients prescribed an opioid. In the event of laxative or stool softener nonresponse, patients may try [123,171]:
    
	Mild osmotic agents (70% sorbitol solution, lactulose, milk of magnesia)
	Polyethylene glycol
	Bulk-forming laxatives (psyllium) with proper liquid intake
	Mild cathartic laxatives (senna, bisacodyl)


Saline or tap water enemas may be necessary to avoid fecal impaction.
Opioid switching from a hydrophilic agent (e.g., morphine, oxycodone, hydromorphone) to a lipophilic opioid (e.g., fentanyl, buprenorphine, methadone) may be helpful, as there is greater GI opioid receptor activity with hydrophilic opioids. Peripherally acting mu opioid receptor antagonists are indicated when other opioid-induced constipation treatments fail, including methylnaltrexone (50% to 60% efficacy in severe refractory opioid-induced constipation) or subcutaneous naloxegol injections [171].

NAUSEA AND VOMITING



Roughly 33% to 66% of patients receiving opioids experience nausea and vomiting, usually during initiation and titration. This often resolves by the first week of treatment, but can recur later with a significant dose increase. Nausea and vomiting results from reduced GI motility and constipation, delayed gastric emptying, and activation of opioid receptors, dopamine tracts, and other transmitters in the chemoreceptor trigger zone [123]. Some patients report a sharp exacerbation of nausea upon movement, suggesting a component of opioid-induced vestibular dysfunction [105].
Nausea and vomiting during opioid initiation should be controlled with antiemetics, and these agents should be available as needed after dosing is stabilized. Metoclopramide and domperidone are first-line options due to a mechanism that improves GI motility. Around-the-clock and/or transdermal prescribing may be considered, with extra doses for rescue. Extrapyramidal symptoms may occur, but are considered infrequent [123,253].
Antihistamines block histamine receptors in the vomiting center and on vestibular afferents. They may be used when [123,253]:
    
	Vestibular sensitivity mimics motion-induced nausea
	GI prokinetic agents are contraindicated due to bowel obstruction


Ondansetron and other serotonin receptor antagonists are also effective in treating nausea and vomiting. Chlorpromazine is likely to produce significant sedation; prochlorperazine has greater antiemetic potency. However, potential extrapyramidal symptoms and anticholinergic side effects limit the clinical use of these agents [123,253].

RESPIRATORY DEPRESSION



Therapeutic doses of morphine depress all phases of
        respiratory activity, including the breathing rate, minute volume, and tidal exchange.
        Respiratory depression results from decreased brainstem sensitivity to carbon dioxide
        build-up and is the primary lethal side effect of opioids [120]. Patients are most vulnerable to
        respiratory depression in the first five days of opioid initiation, especially the first 24
        hours. Risk factors include obesity, sleep apnea, and pre-existing respiratory disorders
        (e.g., acute asthma, respiratory infection). Respiratory depression is antagonized by pain,
        and patients with substantial pain relief following uncontrolled pain are also at risk.
        Coingestion of any CNS respiratory depressant, including benzodiazepines or alcohol,
        elevates the risk of pronounced respiratory depression and fatality [104,254].
Opioid use at appropriate prescribed doses seldom results in significant respiratory depression, even in patients with end-stage chronic obstructive pulmonary disease or dyspnea from advanced-stage cancer [255]. Patients on stable-dose, long-term opioid therapy have low risk of respiratory depression, although concerns remain prevalent among clinicians and patients [123]. It is important to note that respiratory depression may occur with a change in opioid analgesic, rapid dose escalation, development of renal failure or a serious pulmonary condition, or a single, large, inappropriate dose [254].
Sedation always precedes respiratory depression. With fatal respiratory depression, the process begins with sedation followed by reduction and finally cessation of breathing over the course of 5 to 15 minutes. Respiratory depression is characterized by rising peripheral carbon dioxide pressure, falling peripheral oxygen, and decreasing respiratory rate [255]. While these laboratory markers directly measure ventilation and ventilatory drive, they are often only available in an inpatient setting. In the outpatient setting, breathing rate and/or oxygen saturation are surrogate measures of ventilatory drive. In these cases, severe respiratory depression is defined by a respiratory rate less than 8 to 10 breaths per minute and oxygen saturation of <85% for more than six minutes per hour [120].
Naloxone can reverse respiratory depression caused by most opioids (though it is ineffective with meperidine). The extent and duration of naloxone reversal is determined by the specific opioid and dose, route of administration, concurrent medication(s), underlying disease, pain and state of arousal, and genetic factors [120].
When indicated for reversal of opioid-induced respiratory depression, naloxone (1:10 dilution) titrated in small increments or given by infusion should be administered to improve respiratory function without reversing analgesia [255]. The patient should be monitored carefully until the respiratory depression episode resolves [123].
Naloxone should be administered cautiously by slow IV infusion in opioid-dependent patients because it can abruptly induce acute opioid withdrawal syndrome and precipitate severe uncontrollable pain. Given this potential for abrupt, overwhelming physiologic and emotional stress with naloxone intervention, its use in respiratory depression should be strictly limited to patients unresponsive to physical or verbal stimulation or patients with shallow respirations, respiratory rate less than seven breaths per minute, or pinpoint pupils [120]. The 30- to 81-minute duration of naloxone is less than most mu opioid agonists, and re-administration is usually required.
The unique properties of nalbuphine make it effective in reversing opioid-induced respiratory depression or pruritus while maintaining analgesia. Nalbuphine can be a good analgesic option for patients susceptible to severe respiratory depression, pruritus, or nausea and vomiting with standard opioids [110].

SEROTONIN SYNDROME



Serotonin syndrome results from overactivation of central and peripheral serotonin receptors, usually from concurrent use of multiple serotonergic agents. Serotonin syndrome can result from drugs that influence the reuptake, metabolism, synthesis, or release of serotonin; influence serotonin receptor activity; or interfere with CYP2D6 or CYP3A4 metabolism. The most commonly implicated agents are SSRIs, but other medications that may affect serotonin levels include serotonin-norepinephrine reuptake inhibitors, MAOIs, antipsychotics, analgesics, antiemetics, cough suppressants, and dietary supplements. In more severe cases, patients develop hyperthermia, autonomic instability, delirium, and muscle rigidity, with complications including seizure, rhabdomyolysis, arrhythmias, and respiratory arrest. Suspicion of serotonin syndrome requires urgent emergency management [256,257].
Tramadol is the only opioid analgesic associated with
        serotonin syndrome. SSRIs inhibit CYP2D6, which decreases tramadol analgesic efficacy.
        Concurrent use of tramadol and paroxetine or venlafaxine has been reported to cause
        serotonin syndrome [256,257]. Genetic susceptibility to serotonin
        syndrome has been identified and is influenced by a patient's ability to produce different
        ratios of positive and negative tramadol enantiomers [257].

NEONATAL ABSTINENCE SYNDROME



Teratogenic effects from opioid exposure during pregnancy have not been identified. However, chronic opioid use during pregnancy can result in physical dependence in utero and potentially life-threatening opioid withdrawal in the neonate at birth and for up to 12 days after [104].
If signs of neonatal abstinence syndrome are present, the neonate should be taken to intensive care for observation and further assessment. Opioid replacement may be necessary to stabilize the patient, reverse the syndrome, and reduce complications of withdrawal. Additional medications may be necessary to control seizures and other symptoms.

MORPHINE AND CARDIAC RISK



Morphine is commonly used for chest pain in patients with a suspected acute coronary syndrome, but data suggest morphine use in patients with unstable angina and non-ST segment elevation myocardial infarction may increase mortality. It should be used with great caution or avoided entirely in this patient group [258].

NEUROPSYCHIATRIC EFFECTS



Hallucinations are more strongly associated with mixed agonist/antagonist opioids and rarely occur with mu opioid agonists, with few exceptions. In fact, a review concluded that mu receptor agonist opioids were not only free of psychoses risk, but probably possesses antipsychotic activity yet to be characterized [259].
Other adverse CNS effects, including cognitive impairment, delirium, and generalized myoclonus, are associated with meperidine, morphine, or hydromorphone use in patients with renal impairment. In these patients, opioid metabolites accumulate to neurotoxic levels. The metabolites have anticholinergic activity, which can result in cognitive changes and delirium [123].
There is little research that sufficiently addresses brain response to chronic opioid therapy. Positron emission tomography and magnetic resonance imaging studies show changes in brain response to long-term opioid therapy in patients with chronic pain. However, it is unclear whether these neuroimaging findings are the result of the chronic pain or the opioid medication use [260].
Differential diagnosis is necessary in patients with suspected opioid-induced delirium to rule out dehydration, other CNS medications, sepsis, and hypercalcemia. Tactile hallucinations and myoclonus suggest opioid toxicity. Immediate delirium management consists of neuroleptics to control agitation and perceptual or delusional disturbances. Haloperidol is the first-line option; methotrimeprazine and chlorpromazine are alternative options, especially when sedation is beneficial. For resistant delirium, midazolam is preferred; lorazepam is used for comorbid anxiety. In cases of cognitive impairment in the absence of delirium, methylphenidate or modafinil may be used. These agents are not recommended with evidence of perceptual or delusional disturbances [123].
Opioid toxicity from accumulating neurotoxic metabolites may present with generalized myoclonus, sedation, confusion, or chronic nausea. This is generally resolved by opioid switching [123].

IMMUNOLOGIC CHANGES



The traditional view of opioids as immunosuppressive has been challenged by evidence showing a more complex role of opioid receptors in immune function. Different opioids or routes of administration act through different mechanisms to produce immunosuppressive, immunostimulatory, or dual immune effects. The impact of specific opioids on immune function probably result from a combination of direct effects on immunocytes and indirect effects on centrally mediated mechanisms, systemic production, and release of immunomodulatory mediators [261].
The interaction between opioids and the immune system is complex. Trauma and severe pain alone are immunosuppressive, which is reversible by sufficient pain control [262]. Exogenous opioid drugs can induce immunosuppression, while endogenous opioids appear to promote immunoactivation.
Opioid therapy has been shown to inhibit humoral and cellular immune responses, including antibody production, lymphocyte activity, cytokine expression, and phagocytic activity. Potential underlying mechanisms include HPA modulation, sympathetic nervous system stimulation, and activation of mu opioid receptor on immune cells [263,264]. Opioids vary by immune system interaction. Compared with morphine, tramadol produces greater enhancement in natural killer cell activity, lymphocyte proliferation, and interleukin-2 release, while buprenorphine produces a negligible effect on immune response [249].

ENDOCRINE EFFECTS



Opioid therapy can result in HPA suppression and hypopituitarism, clinically expressed as hypogonadism, impotence, infertility, and/or osteoporosis [265]. Opioid-induced hormone dysfunction has been observed in men and women with oral, transdermal, IV, and intrathecal administration [249].
Opioids appear to differ in degree of adverse effect on hormonal function. In one study, men receiving buprenorphine maintenance therapy for opioid addiction showed significantly higher plasma testosterone levels and less sexual dysfunction than those receiving methadone [266]. Although long-term opioid therapy produces a dose-dependent decrease in total and free testosterone level, serum hormone levels return to normal in both sexes shortly after opioid cessation. Not all men experience androgenic suppression with long-term opioid therapy; body mass index and smoking status are thought to increase the risk of opioid-induced hormonal dysfunction [249].
If a patient on opioid therapy complains of changes in libido or sexual dysfunction, treatment is empirical, with knowledge that multiple factors may be involved in the pathogenesis of sexual dysfunction. In these cases, non-opioid analgesics should be added to reduce or, if possible, discontinue the opioid. In men, testosterone replacement is indicated if serum testosterone is low and not contraindicated. Sildenafil or another phosphodiesterase type 5 inhibitor may be used for men experiencing sexual side effects [121,123].
For women taking opioids with complaints of sexual side effects, dehydroepiandrosterone is the first-line option. This is because adrenal gland suppression is a greater contributor to female androgen deficiency. In younger women, oral contraceptives with a relatively androgenic progestin component may be used [121,123].

ACETAMINOPHEN TOXICITY



Several codeine, hydrocodone, and oxycodone formulations include acetaminophen. In the United States, acetaminophen toxicity has replaced viral hepatitis as the most common cause of acute liver failure and is the second most common cause of liver failure requiring transplantation [227]. In 2009, the FDA imposed a daily dose ceiling for acetaminophen of 4,000 mg; however, doses less than 4,000 mg per day can produce subclinical liver toxicity. Concurrent alcohol use also increases the risk, and chronic alcohol use is a high risk factor for fatal acetaminophen toxicity [222,225]. It is crucial to use caution when prescribing any opioid preparation containing acetaminophen to older patients or patients with hepatic or renal disease.

OPIOID USE DISORDERS




Evidence Based Practice Recommendation

The Institute for Clinical Systems Improvement recommends that opioid
          prescribers should recognize the symptoms of opioid use disorder, understand the treatment
          options for opioid use disorder, and have a referral source available.
https://www.guideline.gov/summaries/summary/50568

             Last Accessed: May 26, 2017
Level of Evidence: Expert
          Opinion/Consensus Statement


There is no adequately validated instrument to differentiate pain patients who are at risk of dependence from those who are not. Research suggests that patients, even alcoholics, with no history of opioid dependence are not at heightened risk of becoming addicted with short-term opioid exposure. However, those with a positive history of dependence would benefit from active recovery efforts while receiving such medications.
Despite the rise in prescription opioid analgesic use and misuse, definitive data on the rate of dependence among patients administered opioids for acute pain does not yet exist. There is, however, agreement on how to minimize the risk of iatrogenic dependence. These steps include screening for risk potential based on a family history of substance abuse and the exploration of different delivery systems that adequately treat pain but minimize abuse potential. Although a pattern of aberrant behavior may be grounds for caution, a history of opioid misuse does not necessarily preclude a patient from successful treatment with an opioid. Screening for psychologic disorders is also advisable, including psychosomatic causes of pain.


16. CONCLUSION



Safety is the foundation of effective pain control with opioid prescribing. Safety risks are mitigated by understanding that most opioid analgesic overdoses involve co-ingested CNS sedatives or alcohol, with side effects, tolerability and analgesic response largely determined by comorbidities, drug interactions, and genetic variation.
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In 2019, there were 4,856 substantiated reports to child abuse in Pennsylvania.
        Healthcare professionals, regardless of their discipline or field, are in a unique position
        to assist in the identification, education, and prevention of child abuse and neglect. This
        course describes how victims of abuse can be accurately identified and provides the
        community resources available in the state of Pennsylvania for child abuse victims. Mandated
        reporter laws will also be outlined.
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1. HISTORICAL CONTEXT



Today, there is an established system in the United States to respond to reports of child abuse and neglect; however, this has not always been the case. This is not because child abuse, neglect, and maltreatment are new social phenomena. Rather, the terms "child abuse," "child neglect," and "child maltreatment" are relatively new, despite the fact that this social problem has existed for thousands of years [1]. Cruelty to children by adults has been documented throughout history and across cultures. In China, infant girls were often neglected during times of famine or sold during times of extreme poverty. There is also historical evidence that cultures have taken steps to stop child abuse and cruelty. For example, 6,000 years ago in Mesopotamia, orphans had their own patron goddesses for help and protection [2].
In many cases, the physical abuse of children has been linked to punishment. Throughout history, physical child abuse was justified because it was believed that severe physical punishment was necessary to discipline, rid the child of evil, or educate [2,13]. It was not until 1861 that there was a public outcry in the United States against extreme corporal punishment. This reform was instigated by Samuel Halliday, who reported the occurrence of many child beatings by parents in New York City [2].
Sexual abuse of children, particularly incest (defined as sex between family members), is very much a taboo. The first concerted efforts to protect children from sexual abuse occurred in England during the 16th century. During this period, boys were protected from forced sodomy and girls younger than 10 years of age from forcible rape [2]. However, in the 1920s, sexual abuse of children was described solely as an assault committed by "strangers," and the victim of such abuse was perceived as a "temptress" rather than an innocent child [2].
The first public case of child abuse in the United States that
      garnered widespread interest took place in 1866 in New York City. Mary Ellen Wilson was an
      illegitimate child, 10 years of age, who lived with her foster parents [3]. Neighbors were concerned that she was being
      mistreated; however, her foster parents refused to change their behaviors and said that they
      could treat the child as they wished [2].
      Because there were no agencies established to protect children specifically, Henry Berge,
      founder of the Society for the Prevention of Cruelty to Animals, intervened on Mary's behalf
        [3]. He argued that she was a member of the
      animal kingdom and deserved protection. The case received much publicity, and as a result, in
      1874 the New York Society for the Prevention of Cruelty to Children was formed [3]. Because of this case, every state now has a
      system in place for reporting child abuse. The Pennsylvania Department of Public Welfare (now
      known as the Department for Human Services) was established in 1921 and part of its original
      intent was to care for "dependent, defective, and delinquent children" [7].
As a result of Berge's advocacy for children's safety, other nongovernmental agencies were formed throughout the United States, and the establishment of the juvenile court was a direct result of the Society for the Prevention of Cruelty to Children [13]. By 1919, all but three states had juvenile courts. However, many of these nongovernmental agencies could not sustain themselves during the Depression [13].
The topic of child abuse and neglect received renewed interest in the 1960s, when a famous
      study titled "The Battered-Child Syndrome" was published [1,4]. In the study,
      researchers argued that the battered-child syndrome consisted of traumatic injuries to the
      head and long bones, most commonly to children younger than 3 years of age, inflicted by
      parents [1,4]. The study was viewed as the seminal work on child abuse, alerting both
      the general public and the academic community to the problems of child abuse [1,2]. Soon, all 50 states required physicians to report child abuse [14]. In the early 1970s, Senator Walter Mondale
      noted that there was no official agency that spent its energies on preventing and treating
      child maltreatment [13]. Congress passed the
      Child Abuse Prevention and Treatment Act (CAPTA) of 1974, which targeted federal funds to
      improve states' interventions for the identification and reporting of abuse [13]. In 2010, additional prevention and treatment
      programs were funded through CAPTA, and in 2012, the Administration on Children, Youth, and
      Families began to focus on protective factors to child abuse and neglect [61].
Today, child abuse and neglect are considered significant social problems with deleterious consequences. As noted, a system has been implemented in all 50 states to ensure the safety of children, with laws defining what constitutes abuse and neglect and who is mandated to report.

2. CHILD WELFARE IN PENNSYLVANIA



The Children's Aid Society of Pennsylvania, one of the first organizations to advocate for
      children and their welfare in the United States, was founded in 1882 [62]. In the following years, the Children's Aid
      Society was instrumental in educating the public about the unsanitary and unsafe conditions in
      almshouses, which were sometimes used for orphaned or abandoned children. Subsequently,
      legislation was passed in Pennsylvania to ensure that children were not permanently placed in
      almshouses [62].
In the state of Pennsylvania, Act 91 was passed in 1967 and gave child welfare agencies in
      all counties the responsibility to investigate child abuse reports made by physicians [18]. Three years later, Act 91 was modified to
      include school nurses and teachers as mandated reporters [18].
Pennsylvania was also the first state to take a noncriminal view of child abuse [22,26]. In 1975, the Child Protective Services Law was enacted, which established a child abuse hotline and a statewide central registry in Pennsylvania in order to encourage the reporting of child abuse [18,26].
The child welfare system in Pennsylvania is supervised by the
      state but administered by the different local counties [27]. This means that there are a total of 67 county agencies that administer
      the child welfare and juvenile justice services [27]. Aside from frank abuse, reports of other acts that might affect the
      well-being of a child are also accepted. The State of Pennsylvania delineates two functions
      for the local agencies: child protective services (CPS) and general protective services
      (GPS).
In 2017, Governor Tom Wolf approved Act 68 (also known as the Newborn Protection Act) to
      increase the number of locations for parents to give up their newborn without criminal
      liability [63]. In 2018, Act 29 was signed and
      expanded the definition of child abuse in Pennsylvania to include leaving a child unsupervised
      with a sexual predator [64].
CHILD PROTECTIVE SERVICES



CPS is in place to address acts that are "non-accidental serious physical or mental injury, sexual abuse, or exploitation, or serious physical neglect caused by acts or omissions of the parent or caretaker" [32]. In other words, these are cases in which there is reasonable cause to suspect child abuse and conduct an investigation.
Case Scenario




          A young boy comes into the community health clinic for a physical
            exam. The boy's mother hovers and does not seem to want to let her son answer any
            questions. During the exam, in the process of taking blood, the nurse notices some
            bruises and lacerations on the boy's arm. Later, bruises in the shape of a belt are
            observed on the boy's back as well. Upon questioning, the boy will only say that he was
            "bad."
        
In this case, the nurse should make a report to ChildLine. This would be classified as a CPS case, and an investigation would be conducted. More information will be presented about reporting in later sections of this course.


GENERAL PROTECTIVE SERVICES



GPS is involved in non-abuse cases or acts that involve "non-serious injury or neglect" [38]. This includes children who experience "inadequate shelter, food, clothing, health care, truancy, inappropriate discipline, lack of supervision, hygiene issues, abandonment, or other problems that threaten a child's opportunity for healthy growth and development" [38]. One of the following criteria must be met for GPS to be involved [55]:
    
	Lack of parental control
	Deprivation of the essentials of life
	Illegal placement for adoption or care
	Abandonment by parents or guardians
	Chronic truancy
	Habitual disobedience
	Formal adjudication
	Commitment of a delinquent act at an age younger than 10 years
	Defined as ungovernable
	Born to parents with terminated parental rights


Case Scenario




        Ms. J, a neighbor, notices E (5 years of age) and S (6 years of age) running around their front yard at 8 p.m. The front door of the house is wide open, and Ms. J asks if their mother is home. S states that her mother went out with her girlfriend to a party. Ms. J asks if a babysitter is at the house, and S answers "no" again. This is not the first time neighbors have noticed that the kids are left at home alone. The neighbors report that the mother often comes home late, intoxicated.
      
In this case, a bystander (likely Ms. J or one of the neighbors) could call ChildLine, the local county agency, or even the police, and the case would be addressed by GPS. More information will be presented about reporting in later sections of this course.



3. DEFINITIONS OF CHILD ABUSE AND NEGLECT



The federal definition of child abuse is evident in CAPTA,
      published as a product of federal legislation. CAPTA defines a child to be any individual
      younger than 18 years of age, except in cases of sexual abuse. In cases of sexual abuse, the
      age specified by the child protection laws varies depending on the state in which the child
      resides [5]. CAPTA defines child abuse as,
      "any recent act or failure to act on the part of a parent or caretaker, which results in
      death, serious physical or emotional harm, sexual abuse, or exploitation, or an act or failure
      to act that presents an imminent risk of serious harm" [6].
In Pennsylvania, the child abuse law takes a very comprehensive approach to defining of child abuse [26]. According to Pennsylvania law, child abuse refers to intentionally, knowingly, or recklessly doing any of the following [43,54]:
  
	Causing bodily injury to a child through any recent act or failure to act
	Fabricating, feigning, or intentionally exaggerating or inducing a medical symptom or disease that results in a potentially harmful medical evaluation or treatment to the child through any recent act
	Causing or substantially contributing to serious mental injury to a child through any act or failure to act or a series of such acts or failures to act
	Causing sexual abuse or exploitation of a child through any act or failure to act
	Creating a reasonable likelihood of bodily injury to a child through any recent act or failure to act
	Creating a likelihood of sexual abuse or exploitation of a child through any recent act or failure to act
	Causing serious physical neglect of a child
	Engaging in any of the following recent acts:	Kicking, biting, throwing, burning, stabbing, or cutting a child in a manner that endangers
        the child
	Unreasonably restraining or confining a child, based on consideration of the method,
          location, or duration of the restraint or confinement
	Forcefully shaking a child younger than 1 year of age
	Forcefully slapping or otherwise striking a child younger than 1 year of age
	Interfering with the breathing of a child
	Causing a child to be present at a location while a violation relating to the operation of
      methamphetamine laboratory is occurring, provided that the violation is being investigated by
      law enforcement
	Leaving a child unsupervised with an individual, other than the child's parent, who the
      actor knows or reasonably should have known a) is required to register as a Tier II or Tier
      III sexual offender, where the victim of the sexual offense was younger than 18 years of age
      when the crime was committed; b) has been determined to be a sexually violent predator; or c)
      has been determined to be a sexually violent delinquent child



	Causing the death of the child through any act or failure to act
	Engaging a child in a severe form of trafficking in persons or sex trafficking, as
            those terms are defined under section 103 of the Trafficking Victims Protection Act of
            2000


In addition, the Code explicitly excludes specific acts and injuries from the definition of child abuse. Effective December 31, 2014, the following are considered exclusions to the definition of child abuse [44]:
  
	Environmental factors: No child shall be deemed to be physically or mentally abused based on injuries that result solely from environmental factors, such as inadequate housing, furnishings, income, clothing, and medical care, that are beyond the control of the parent or person responsible for the child's welfare with whom the child resides. This shall not apply to any child-care service, excluding an adoptive parent.
	Practice of religious beliefs: If, upon investigation, the county agency determines that a child has not been provided needed medical or surgical care because of sincerely held religious beliefs of the child's parents or relative within the third degree of consanguinity and with whom the child resides, which beliefs are consistent with those of a bona fide religion, the child shall not be deemed to be physically or mentally abused. In such cases the following shall apply:	The county agency shall closely monitor the child and the child's family and shall seek
      court-ordered medical intervention when the lack of medical or surgical care threatens the
      child's life or long-term health.
	All correspondence with a subject of the report and the records of the department and the
      county agency shall not reference child abuse and shall acknowledge the religious basis for
      the child's condition.
	The family shall be referred for general protective services, if appropriate.
	This subsection shall not apply if the failure to provide needed medical or surgical care
    causes the death of the child.
	This subsection shall not apply to any child-care service as defined in this chapter,
    excluding an adoptive parent.



	Use of force for supervision, control, and safety purposes: Subject to the rights of parents, the use of reasonable force on or against a child by the child's own parent or person responsible for the child's welfare shall not be considered child abuse if any of the following conditions apply:	The use of reasonable force constitutes incidental, minor, or reasonable physical contact
    with the child or other actions that are designed to maintain order and control.
	The use of reasonable force is necessary to quell a disturbance or remove the child from the
      scene of a disturbance that threatens physical injury to persons or damage to property; to
      prevent the child from self-inflicted physical harm; for self-defense or the defense of
      another individual; or to obtain possession of weapons or other dangerous objects or
      controlled substances or paraphernalia that are on the child or within the control of the
      child.



	Rights of parents: Nothing in this chapter shall be construed to restrict the generally recognized existing rights of parents to use reasonable force on or against their children for the purposes of supervision, control, and discipline of their children. Such reasonable force shall not constitute child abuse.
	Participation in events that involve physical contact with child: An individual participating in a practice or competition in an interscholastic sport, physical education, recreational activity, or extracurricular activity that involves physical contact with a child does not, in itself, constitute contact that is subject to the reporting requirements of this chapter.
	Defensive force: Reasonable force for self-defense or the defense of another individual shall not be considered child abuse.
	Child-on-child contact: Harm or injury to a child that results from the act of another child shall not constitute child abuse unless the child who caused the harm or injury is a perpetrator. Notwithstanding this, the following shall apply:
  	Acts constituting any of the following crimes against a child shall be subject to the
      reporting requirements: rape, involuntary deviate sexual intercourse, sexual assault,
      aggravated indecent assault, indecent assault, and indecent exposure.
	No child shall be deemed to be a perpetrator of child abuse based solely on physical or
      mental injuries caused to another child in the course of a dispute, fight, or scuffle entered
      into by mutual consent.
	A law enforcement official who receives a report of suspected child abuse is not required to
      make a report to the department if the person allegedly responsible for the child abuse is a
      nonperpetrator child.





It is important to note that exclusions are utilized by the CPS agency when investigating suspected abuse and should not be considered exclusions from reporting suspected abuse.
For the purposes of this course, a perpetrator is defined as a person who has committed child abuse. According to the Pennsylvania Code, the term includes only [42,54]:
  
	A parent of the child
	A spouse or former spouse of the child's parent
	A paramour or former paramour of the child's parent
	A person 14 years of age or older and responsible for the child's welfare, including a person who provides temporary or permanent care, supervision, mental health diagnosis or treatment, or training or control of a child in lieu of parental care, supervision, and control
	An individual 14 years of age or older who resides in the same home as the child
	An individual 18 years of age or older who does not reside in the same home as the child but is related within the third degree of consanguinity or affinity by birth or adoption to the child
	An individual 18 years of age or older who engages a child in severe forms of trafficking in persons or sex trafficking, as those terms are defined under section 103 of the Trafficking Victims Protection Act of 2000


In a significant revision to the definition of perpetrator, school personnel and other child care providers are considered "individuals responsible for the child's welfare" and may be perpetrators of child abuse; there is no longer a separate definition for student abuse [42]. As such, a perpetrator may be any such person who has direct or regular contact with a child through any program, activity, or services sponsored by a school, for-profit organization, or religious or other not-for-profit organization.
In addition, only the following may be considered a perpetrator for failing to act [42,54]:
  
	A parent of the child
	A spouse or former spouse of the child's parent
	A paramour or former paramour of the child's parent
	A person 18 years of age or older and responsible for the child's welfare or who resides in the same home as the child


FORMS OF CHILD ABUSE AND NEGLECT



There are several acts that may be considered abusive, and knowledge of what constitutes abuse is vital for healthcare providers and other mandated reporters. In this section, specific behaviors that fall under the category of abuse and neglect will be reviewed.
Physical Abuse



Physical abuse injuries can range from minor bruises and
          lacerations to severe neurologic trauma and death. Physical abuse is one of the most
          easily identifiable forms of abuse and the type most commonly seen by healthcare
          professionals. Physical injuries that may be indicative of abuse include bruises/welts,
          burns, fractures, abdominal injuries, lacerations/abrasions, and central nervous system
          trauma [8,65].
Bruises and welts are of particular concern, especially
          those that appear on:
      
	The face, lips, mouth, ears, eyes, neck, or head
	The trunk, back, buttocks, thighs, or extremities
	Multiple body surfaces



Evidence Based Practice Recommendation

According to the American College of Radiology, fractures highly
            suggestive of physical abuse include rib fractures, classic metaphyseal lesions, those
            unsuspected or inconsistent with the history or age of the child, multiple fractures
            involving more than one skeletal area, and fractures of differing ages.
https://acsearch.acr.org/docs/69443/Narrative

             Last Accessed: August 20, 2020
Level of Evidence: Expert
            Opinion/Consensus Statement


Patterns such as the shape of the article (e.g., a cord, belt buckle, teeth, hand) used to inflict the bruise or welt are common. Cigar or cigarette burns may be present, and they will often appear on the child's soles, palms, back, or buttocks. Patterned burns that resemble shapes of appliances, such as irons, burners, or grills, are of concern as well.
Fractures that result from abuse might be found on the child's skull, ribs, nose, or any
          facial structure. These may be multiple or spiral fractures at various stages of healing.
          When examining patients, note bruises on the abdominal wall, any intestinal perforation,
          ruptured liver or spleen, and blood vessel, kidney, bladder, or pancreatic injury,
          especially if accounts for the cause do not make sense. Look for signs of abrasions on the
          child's wrists, ankles, neck, or torso. Lacerations might also appear on the child's lips,
          ears, eyes, mouth, or genitalia. If violent shaking or trauma occurred, the child might
          experience a subdural hematoma [8,65].

Sexual Abuse/Exploitation



According to the Pennsylvania Code, sexual abuse or exploitation is defined as [45]:
      
	The employment, use, persuasion, inducement, enticement, or coercion of a child to engage in or assist another individual to engage in sexually explicit conduct, which includes, but is not limited to, the following:	Looking at the sexual or other intimate parts of a child or another individual for the purpose of arousing or gratifying sexual desire in any individual
	Participating in sexually explicit conversation either in person, by telephone, by computer, or by a computer-aided device for the purpose of sexual stimulation or gratification of any individual
	Actual or simulated sexual activity or nudity for the purpose of sexual stimulation or gratification of any individual
	Actual or simulated sexual activity for the purpose of producing visual depiction, including photographing, videotaping, computer depicting, or filming



	Any of the following offenses committed against a child:	Rape
	Statutory sexual assault
	Involuntary deviate sexual intercourse
	Sexual assault
	Institutional sexual assault
	Aggravated indecent assault
	Indecent assault
	Indecent exposure
	Incest
	Prostitution
	Sexual abuse
	Unlawful contact with a minor
	Sexual exploitation





This does not include consensual activities between a child who is 14 years of age or older and another person who is 14 years of age or older and whose age is within four years of the child's age.
Child sexual abuse can be committed by a stranger or an
          individual known to the child. Sexual abuse may be manifested in many different ways,
          including [9,10]: 
	Verbal: Obscene phone calls or talking about sexual acts for the purpose of
                sexually arousing the adult perpetrator
	Voyeurism: Watching a child get dressed or encouraging the child to masturbate
                while the perpetrator watches
	Child prostitution: Involving the child in sexual acts for monetary
                profit
	Child pornography: Taking photos of a child in sexually explicit poses or
                acts
	Exhibitionism: Exposing his/her genitals to the child or forcing the child to
                observe the adult or other children in sexual acts
	Molestation: Touching, fondling, or kissing the child in a provocative manner;
                for example, fondling the child's genital area or long, lingering kisses
	Sexual penetration: The penetration of part of the perpetrator's body (e.g.,
                finger, penis, tongue) into the child's body (e.g., mouth, vagina, anus)
	Rape: Usually involves sexual intercourse without the victim's consent and
                usually involves violence or the threat of violence
	Commercial sex act: Any sex act on account of which anything of value is given
                to or received by any person



Physical Neglect



Pennsylvania law defines serious physical neglect of a child as repeated, prolonged, or egregious failure to supervise a child in a manner that is appropriate considering the child's developmental age and abilities, and/or the failure to provide a child with adequate essentials of life, including food, shelter, or medical care, when committed by a perpetrator that endangers a child's life or health, threatens a child's well-being, causes bodily injury, or impairs a child's health, development, or functioning. Due to the ambiguity of definitions of child abuse and neglect, CAPTA provides minimum standards that each state must incorporate in its definition of neglect. Examples of child neglect may include [6,11,12]:
      
	Failure to provide adequate food, clothing, shelter, hygiene, supervision, and protection
	Refusal and/or delay in medical attention and care (e.g., failure to provide needed medical attention as recommended by a healthcare professional or failure to seek timely and appropriate medical care for a health problem)
	Abandonment, characterized by desertion of a child without arranging adequate care and supervision. Children who are not claimed within two days or who are left alone with no supervision and without any information about their parents'/caretakers' whereabouts are examples of abandonment.
	Expulsion or blatant refusals of custody on the part of parent/caretaker, such as ordering a child to leave the home without adequate arrangement of care by others
	Inadequate supervision (i.e., child is left unsupervised or inadequately supervised for extended periods of time)



Emotional Abuse



Under Pennsylvania law, emotional abuse involves an act or failure to act by a perpetrator that causes nonaccidental serious mental injury. Serious mental injury is "a psychological condition, as diagnosed by a physician or licensed psychologist, including the refusal of appropriate treatment, that renders a child chronically and severely anxious, agitated, depressed, socially withdrawn, psychotic, or in reasonable fear that his or her life or safety is threatened, or that seriously interferes with a child's ability to accomplish age-appropriate development and social tasks" [45].
The following behaviors could constitute emotional abuse [6,11,12]:
      
	Verbal abuse: Belittling or making pejorative statements in front of the child, which results in a loss or negative impact on the child's self-esteem or self-worth
	Inadequate nurturance/affection: Inattention to the child's needs for affection and emotional support
	Witnessing domestic violence: Chronic spousal abuse in homes where the child witnesses the violence
	Substance and/or alcohol abuse: The parent/caretaker is aware of the child's substance misuse problem but chooses not to intervene or allows the behavior to continue
	Refusal or delay of psychologic care: Failure or delay in obtaining services for the child's emotional, mental, or behavioral impairments
	Permitted chronic truancy: The child averages at least five days per month of school absence and the parent/guardian does not intervene
	Failure to enroll: Failure to enroll or register a child of mandatory school age or causing the child to remain at home for nonlegitimate reasons
	Failure to access special education services: Refusal or failure to obtain recommended services or treatment for remedial or special education for a child's diagnosed learning disorder



Trafficking and Exploitation



It can be difficult to identify and intervene to stop human trafficking and exploitation, because it is hidden and even people who interact with victims may not recognize that it is happening. However, in many cases, women and children are considered the typical victims of human trafficking. Trafficking and exploitation are real risks to child safety and well-being and are reportable as forms of abuse.
There are several different types of child or minor human trafficking, but the term is generally defined as the recruitment, transportation, provision, or obtaining of a child for labor or services through the use of force, fraud, or coercion. Severe forms of human trafficking include sex and labor trafficking, including debt bondage and slavery.
Labor Trafficking
Labor trafficking is defined as labor obtained by the use of threat of serious harm,
          physical restraint, or abuse of the legal process. Severe labor trafficking includes the
          recruitment, harboring, transportation, provision, or obtaining of a person for labor or
          services, through the use of force, fraud, or coercion, for the purpose of subjection to
          involuntary servitude, peonage (i.e., paying off debt through work), debt bondage (i.e.,
          debt slavery, bonded labor or services for a debt or other obligation), or slavery (i.e.,
          a condition compared to that of a slave in respect of exhausting labor or restricted
          freedom). 
Typically, children involved in forced labor are being given little or no pay. In the
          United States, forced labor is predominantly found in five sectors [57]: 
	Prostitution and sex industry (46%)
	Domestic servitude (27%)
	Agriculture (10%)
	Sweatshops and factories (5%)
	Restaurant and hotel work (4%)


Among child victims, forced domestic servitude is a serious concern,
          particularly related to the provision of domestic services for 10 to 16 hours per day on
          activities such as child care, cooking, cleaning, and yard work/gardening.
Sex Trafficking
The Victims of Trafficking and Violence Protection Act defines sex trafficking as,
          “the recruitment, harboring, transportation, provision, or obtaining of a person for the
          purpose of a commercial sex act” [58]. A
          commercial sex act is, “any sex act on account of which anything of value is given to or
          received by any person” [58]. In other
          words, it involves the illegal transport of humans to be exploited in a sexual manner for
          financial gains [59]. Victims of sex
          trafficking could be forced into prostitution, stripping, pornography, escort services,
          and other sexual services [60]. Under
          federal law, sex trafficking (such as prostitution, pornography, or exotic dancing) does
          not require there be force, fraud, or coercion if the victim is younger than 18 years of
          age.
The term “domestic minor sex trafficking” has become a popular term used to connote
          the buying, selling, and/or trading of children for sexual services within the country,
          not internationally [60]. In the United
          States, the children most vulnerable to domestic minor trafficking are [60]: 
        
	Youth in the foster care system
	Youth who identify as LGBTQ
	Youth who are homeless or runaway
	Youth with disabilities
	Youth with mental health or substance abuse disorders 
	Youth with a history of sexual abuse
	Youth with a history of being involved in the welfare system
	Youth who identify as native or aboriginal
	Youth with family dysfunction    





4. EPIDEMIOLOGY OF CHILD ABUSE AND NEGLECT



NATIONAL PREVALENCE



In 2018, there were 4.3 million referrals to child protective agencies in the United
        States [15]. More than 2.4 million (or
        55.8%) were assessed to be appropriate for a response, and 67.4% of reports were made by
        health and mental health professionals [15].
        Girls tend to be victims at a slightly higher rate (9.6 per 1,000 population) compared with
        boys (8.7 per 1,000 population) [15]. The
        most common perpetrators were parents; 91.7% of victims are maltreated by one or both
        parents [15]. Specifically, mothers are more
        often perpetrators compared with fathers (68.9% of victims were abused by a mother vs. 45.2%
        of victims were abused by a father) [15].
As of 2018, 9.2 of every 1,000 children in the United States were victims of abuse and/or
        neglect [15]. This is the unique rate,
        meaning each child is counted only once regardless the number of times a report may have
        been filed for abuse/neglect. The fatality rate for 2018 was 2.39 deaths per 100,000
        children [15].
Research has shown that racial and ethnic minority children (particularly African American, Native American/Alaska Native, and multi-racial children) tend to have higher rates of reported child maltreatment compared with their white counterparts (Table 1) [15]. However, the lowest reported rate is among Asian American children [15].
Table 1: CHILD ABUSE VICTIMIZATION IN THE UNITED STATES ACCORDING TO RACE/ETHNICITY,
          2018
	Race/Ethnicity	Child Abuse Rate per 1,000 Children
	Native American/Alaska Native	15.2
	African American	14.0
	Multi-race	11.0
	Pacific Islander	9.3
	White	8.2
	Hispanic	8.1
	Asian American	1.6


Source: [15]



PENNSYLVANIA STATE PREVALENCE



According to the Annual Child Protective Ser­vices Report, a
        yearly statistical report that documents child abuse cases in Pennsylvania, the child abuse
        hotline registered a total of 42,252 reports of suspected abuse or neglect in 2019 [27]. Approximately 11.5% of these cases were
        substantiated, which translates to 4,856 cases of child abuse in 2019 [27]. This is an decrease of 237 reports (4.6%)
        compared with 2018 [27]. Of the
        substantiated child abuse cases, there were 51 fatalities, 12 more than in 2015 [27]. Nearly half (49.2%) of perpetrators of
        child abuse in 2019 were the parent of the child victim [27].


5. RECOGNIZING WARNING SIGNS



It is crucial that practitioners become familiar with the indications of child abuse and neglect. These factors do not necessarily conclusively indicate the presence of abuse or neglect; rather, they are clues that require further interpretation and clinical investigation. Some parental risk indicators include [8,10,12,16]:
  
	Recounting of events that do not conform either with the physical findings or the child's physical and/or developmental capabilities
	Inappropriate delay in bringing the child to a health facility
	Unwillingness to provide information or the information provided is vague
	History of family violence in the home
	Parental misuse of substances and/or alcohol
	Minimal knowledge or concern about the child's development and care
	Environmental stressors, such as poverty, single parenthood, unemployment, or chronic illness in the family
	Unwanted pregnancy
	Early adolescent parent
	Expression that the parent(s) wanted a baby in order to feel loved
	Unrealistic expectations of the child
	Use of excessive physical punishment
	Healthcare service "shopping"
	History of parent "losing control" or "hitting too hard"


Child risk indicators include [8,10,12,16]:
  
	Multiple school absences
	Learning or developmental disabilities
	History of multiple, unexplained illnesses, hospitalizations, or accidents
	Poor general appearance (e.g., fearful, poor hygiene, malnourished appearance, inappropriate clothing for weather conditions)
	Stress-related symptoms, such as headaches or stomachaches
	Frozen watchfulness
	Mental illness or symptoms, such as psychosis, depression, anxiety, eating disorders, or panic attacks
	Regression to wetting and soiling
	Sexually explicit play
	Excessive or out-of-the-ordinary clinging behavior
	Difficulties with concentration
	Disruptions in sleep patterns and/or nightmares


In addition, warning signs specifically associated with victims of child trafficking
      and/or exploitation include (but are not limited to):
      
	A youth that has been verified to be younger than 18 years of age and is in any way
            involved in the commercial sex industry or has a record of prior arrest for prostitution
            or related charges
	An explicitly sexual online profile
	Excessive frequenting of Internet chat rooms or classified sites
	Depicting elements of sexual exploitation in drawing, poetry, or other modes of
            creative expression
	Frequent or multiple sexually transmitted infections or pregnancies
	Lying about or not being aware of their true age
	Having no knowledge of personal data (e.g., age, name, date of birth)
	Having no identification
	Wearing sexually provocative clothing
	Wearing new clothes of any style, getting hair and/or nails done with no financial
            means
	Being secretive about whereabouts
	Having late nights or unusual hours
	Having a tattoo that s/he is reluctant to explain
	Being in a controlling or dominating relationship
	Not having control of own finances
	Exhibiting hypervigilance or paranoid behaviors
	Expressing interest in or being in relationships with adults or much older men or
            women


Some of the types of behaviors and symptoms discussed in the definitions of physical, sexual, and emotional abuse/neglect are also warning signs. For example, any of the injuries that may result from physical abuse, such as a child presenting with bruises in the shape of electric cords or belt buckles, should be considered risk factors for abuse.

6. CONSEQUENCES OF CHILD ABUSE



The consequences of child abuse and neglect vary from child to child, and these differences continue as victims grow older. Several factors will mediate the outcomes, including the [17]:
  
	Severity, intensity, frequency, duration, and nature of the abuse and/or neglect
	Age or developmental stage of the child when the abuse occurred
	Relationship between the victim and the perpetrator
	Support from family members and friends
	Level of acknowledgment of the abuse by the perpetrator
	Quality of family functioning


In examining some of the effects of physical abuse, it is helpful to frame the consequences along a lifespan perspective [3]. During infancy, physical abuse can cause neurologic impairments. Most cases of infant head trauma are the result of child abuse [19]. Neurologic damage may also affect future cognitive, behavioral, and developmental outcomes. Some studies have noted that, in early childhood, physically abused children show less secure attachments to their caretakers compared to their non-abused counterparts [20].
By middle to late childhood, the consequences are more notable. Studies have shown significant intellectual and linguistic deficits in physically abused children [3]. Other environmental conditions, such as poverty, may also compound this effect. In addition, a number of affective and behavioral problems have been reported among child abuse victims, including anxiety, depression, low self-esteem, excessive aggressive behaviors, conduct disorders, delinquency, hyperactivity, and social detachment [3,8,10,12].
Surprisingly, there has been little research on the effects of childhood physical abuse on adolescents [3]. However, differences have been noted in parents who abuse their children during adolescence rather than preadolescence. It appears that lower socioeconomic status plays a lesser role in adolescent abuse as compared with abuse during preadolescence [21]. In addition, parents who abuse their children during adolescence are less likely to have been abused as children themselves compared with those parents who abused their children during preadolescence [21]. It is believed that the psychosocial effects of physical abuse manifest similarly in late childhood and adolescence.
Research findings regarding the effects of childhood physical abuse on adult survivors indicate an increased risk for major psychiatric disorders, including depression, post-traumatic stress disorder, and substance abuse [36]. Some adult survivors function well socially and in terms of mental and physical health, even developing increased resilience as a result of their experiences, while others exhibit depression, anxiety, post-traumatic stress, substance abuse, criminal behavior, violent behavior, and poor interpersonal relationships [3,17,46]. A 2012 meta-analysis found that adult survivors of child abuse were more likely to experience depression than non-abused counterparts, with the rates varying according to the type of abuse sustained (1.5-fold increase for physical child abuse, 2.11-fold increase for neglect, and 3-fold increase for emotional abuse) [24]. Similar results were found in a longitudinal study that compared a child welfare cohort to a group with no child welfare involvement. The child welfare group was twice as likely to experience moderate-to-severe depression and generalized anxiety compared with the control group [25]. There is some evidence that vulnerability to long-term effects of maltreatment in childhood may be at least partially genetically mediated [50].
Although not all adult survivors of sexual abuse experience long-term psychologic consequences, it is estimated that 20% to 50% of all adult survivors have identifiable adverse mental health outcomes [23]. Possible psychologic outcomes include [10]:
  
	Affective symptoms: Numbing, post-traumatic stress disorder, anxiety, depression, obsessions and compulsions, somatization
	Interpersonal problems: Difficulties trusting others, social isolation, feelings of inadequacy, sexual difficulties (e.g., difficulties experiencing arousal and orgasm), avoidance of sex
	Distorted self-perceptions: Poor self-esteem, self-loathing, self-criticism, guilt, shame
	Behavioral problems: Risk of suicide, substance abuse, self-mutilation, violence
	Increased risk-taking behaviors: Abuse of substances, cigarette smoking, sexual risk-taking


Adult male survivors of child sexual abuse are three times as likely to perpetrate domestic
      violence as non-victims. In addition, female survivors of child sexual abuse are more
      vulnerable to bulimia, being a victim of domestic violence, and alcohol use disorder [28].
In more recent years, research has focused on the impact of adverse childhood experiences
      (ACEs) in general. ACEs are defined as potentially traumatic experiences that affect an
      individual during childhood (before 18 years of age) and increase the risk for future health
      and mental health problems (including increased engagement in risky behaviors) as adults [66]. Abuse and neglect during childhood are clear
      ACEs, but other examples include witnessing family or community violence; experiencing a
      family member attempting or completing suicide; parental divorce; parental or guardian
      substance abuse; and parental incarceration [66]. Adults who experienced ACEs are at increased risk for chronic illness, impaired health,
      violence, arrest, and substance use disorder [28,52].

7. REPORTING SUSPECTED CHILD ABUSE



Pennsylvania has a delineated process in place to facilitate the reporting of suspected child abuse. In addition, in 2014, Governor Corbett signed four new bills intended to streamline and clarify the child abuse reporting process in Pennsylvania. These bills were spurred by the Sandusky child sexual abuse case.
PERMISSIVE REPORTERS



There are two general categories of child abuse reporters: mandated reporters and permissive reporters. Permissive reporters are individuals who report an incident of suspected child abuse. These persons are not required to act or intervene in cases of suspected abuse. Put plainly, permissive reporters can report abuse while mandated reporters must report. However, it is important to note that any person is encouraged to report suspected child abuse or cause a report of suspected child abuse to be made to the department, county agency, or law enforcement, if that person has reasonable cause to suspect that a child is a victim of child abuse.

MANDATED REPORTERS



In Pennsylvania, a mandated reporter is required to make a report of suspected child abuse when he or she has reasonable cause to suspect that a child is a victim of child abuse if [48]:
    
	The mandated reporter comes into contact with the child in the course of employment, occupation, and practice of a profession or through a regularly scheduled program, activity, or service.
	The mandated reporter is directly responsible for the care, supervision, guidance, or training of the child, or is affiliated with an agency, institution, organization, school, regularly established church or religious organization, or other entity that is directly responsible for the care, supervision, guidance, or training of the child, regardless of the setting of the disclosure of abuse (within or outside of the reporter's professional role).
	A person makes a specific disclosure to the mandated reporter that an identifiable child is the victim of child abuse either within or outside of the reporter's professional role.
	An individual 14 years of age or older makes a specific disclosure to the mandated reporter (either within or outside of the reporter's professional role) that the individual has committed child abuse.


The mandated reporter is not required to interrogate the victim or identify the person responsible for the child abuse in order to make a report of suspected child abuse.
By law, individuals who come into contact with children on a frequent and consistent basis due to their work are legally required to report any suspected child abuse [39]. Mandated reporters in the state of Pennsylvania include, but are not limited to, [39]:
    
	Physicians (including osteopaths)
	Medical examiners
	Coroners
	Funeral directors
	Dentists
	Optometrists
	Chiropractors
	Podiatrists
	Interns
	Registered nurses
	Licensed practical nurses
	Hospital personnel engaged in the admission, examination, care, or treatment of persons
	Christian Science practitioners
	Members of the clergy
	School administrators
	School teachers
	School nurses
	Social services workers
	Day-care center workers or any other child-care or foster-care workers
	Mental health professionals
	Peace officers or law enforcement officials


Senate Bill 21 and House Bill 436 were two of the bills signed into law and enacted in 2014. These bills elucidate that mandated reporters are "to include anyone who comes in contact with a child, or is directly responsible for the care, supervision, guidance, or training of a child" [51]. Under this expanded definition, additional individuals who are also classified as mandatory reporters include [39]:
    
	A person licensed or certified to practice in any health-related field under the jurisdiction of the Department of State
	A school employee
	A foster parent
	An individual, paid or unpaid, who, on the basis of the individual's role as an integral part of a regularly scheduled program, activity, or service, accepts responsibility for a child
	An employee of a social services agency
	An employee of a public library
	Those who are supervised by mandated reporters
	An independent contractor with direct contact with children
	An attorney affiliated with an agency, institution, or organization that is responsible for the care, supervision, guidance, or control of children


It has long been debated whether attorneys should be included as mandated reporters. With this new definition, there is a seeming compromise, limiting the mandate to attorneys who are affiliated with an organization that is responsible for the care or supervision of children [37].
Privileged communication between any mandated reporter and his or her patient or client does not apply in cases of child abuse, and failure to report this information is considered a violation of the law [39]. There are exceptions: confidential communication made to an ordained member of the clergy (within the scope of 42 Pennsylvania CS §§ 5943), and confidential communications made to an attorney so long as they are within the scope of 42 Pennsylvania CS §§ 5916 (relating to confidential communications to attorney) and 5928 (relating to confidential communications to attorney), the attorney work product doctrine, or the rules of professional conduct for attorneys [39].
The Pennsylvania Code states that whenever a person is a mandated reporter in his or her capacity as a member of the staff of a medical or other public or private institution, school, facility, or agency, that person shall report immediately and immediately thereafter notify the person in charge of the institution, school, facility, or agency (or the designated agent) [48]. Upon notification, the person in charge or the designated agent is responsible for facilitating the cooperation of the institution, school, facility, or agency with the investigation of the report.
Not surprisingly, more than three-quarters (85%) of suspected child abuse reports are made
        by mandated reporters [27]. More
        specifically, the majority of child abuse reports come from mandated reporters in
        public/private social services agencies.

THE PROCESS OF REPORTING CHILD ABUSE IN PENNSYLVANIA



In Pennsylvania, mandated reports of potential child abuse
        (CPS or GPS cases) are made either in writing (through the online portal) or orally to
        ChildLine. The ChildLine is available seven days per week, 24 hours per day at 800-932-0313
        or 412-473-2000. In 2019, ChildLine answered 182,818 calls, including suspected child abuse
        cases, referrals for GPS, and inquiries for general information to services [27]. Electronic submission of suspected child
        abuse reports may be made in lieu of calling ChildLine.
All mandated reporters who report via telephone shall also
        make a written report, which may be submitted electronically, within 48 hours [51]. The written reports are made through the
        Child Welfare Information Solution (CWIS) Portal, available online at https://www.compass.state.pa.us/cwis. The written report will include all of the
        following information, if known [55]: 
	The names and addresses of the child, the child's parents, and any other person
              responsible for the child's welfare
	Where the suspected abuse occurred
	The age and sex of each subject of the report
	The nature and extent of the suspected child abuse, including any evidence of
              prior abuse to the child or any sibling of the child
	The name and relationship of each individual responsible for causing the suspected
              abuse and any evidence of prior abuse by each individual
	Family composition
	The source of the report
	The name, telephone number, and e-mail address of the person making the
              report
	The actions taken by the person making the report, including collection of
              evidence, protective custody, or admission to hospital
	Any other information required by federal law or regulation
	Any other information that the department requires by regulation


According to Pennsylvania law, a person or official required
        to report cases of suspected child abuse may take or request photographs of the child who is
        subject to a report and, if clinically indicated, request a radiologic examination and other
        medical tests on the child [56]. If
        completed, medical summaries or reports of the photographs, x-rays, and relevant medical
        tests should be sent along with the written report or within 48 hours after a report is made
        electronically.
Mandated reporters must identify themselves when reporting [54]. However, their names are usually not released; only the Secretary of the Department of Human Services has this authority. If a mandated reporter so chooses, he/she can sign a consent form that gives consent to have his/her name released [54].
A specialist at ChildLine will interview the caller to determine what the next step should be. This includes assessing if the report will be forwarded to a county agency for investigation as CPS or GPS; if a report should be forward directly to law enforcement officials; or if the caller will be referred to local services [53].
For both GPS and CPS cases, the appropriate county agency is contacted immediately [35]. The county agency is then responsible for its investigation, completing both a "risk assessment" and a "safety assessment." In CPS cases, the agency sees and evaluates the child within 24 hours of receiving the report. The primary goal of the evaluations are to assess the nature and extent of the abuse reported; to evaluate the level of risk or harm if the child were to stay in the current living situation; and to determine action(s) needed to ensure the child's safety [53].
A GPS referral will be assessed for any further needs, and appropriate referrals for services may be made for the child and family. If it is a CPS case, further investigation will be conducted. During the investigation, the agency may take photographs of the child and his/her injuries for the files [34]. All investigations must be completed within 30 days from the date the report is taken at ChildLine [27]. Mandated reporters have a right to know of the findings of the investigation and the services provided to the child and may follow the case [33].

PROTECTIONS FOR REPORTERS



Reporters are afforded protections after reporting a
        suspected incidence of child abuse. Any person or institution who, in good faith, makes a
        report of child abuse, cooperates with a child abuse investigation, or testifies in a child
        abuse proceeding is considered immune from civil and criminal liability [44]. Mandated reporters who make a report in
        good faith and then later face discrimination in their workplace can take legal action [47]. For the most part, the reporter's identity
        is kept confidential. If a case is referred to law enforcement, then the name of the
        reporter must be given upon request; however, reporters are treated as confidential
        informants [49].

PENALTIES FOR FAILURE TO REPORT



According to Pennsylvania statutes, a person or official
        required to report a case of suspected child abuse or to make a referral to the appropriate
        authorities who willfully fails to do so commits a misdemeanor of the third degree for the
        first violation and a misdemeanor of the second degree for a second or subsequent violation
          [44,54]. An offense is a felony of the third degree if all three of the
        following are true: 
	The person or official willfully fails to report.
	The child abuse constitutes a felony of the first degree or higher.
	The person or official has direct knowledge of the nature of the abuse.


A person who commits a second or subsequent offense commits a felony of the third degree, except if the child abuse constitutes a felony of the first degree or higher, in which case the penalty for the second or subsequent offenses is a felony of the second degree. In addition, if a person's willful failure continues while the person knows or has reasonable cause to believe the child is actively being subjected to child abuse, the person commits a misdemeanor of the first degree; if the child abuse constitutes a felony of the first degree or higher, the person commits a felony of the third degree [44,54].

BARRIERS TO REPORTING



Studies have shown that many professionals who are mandated to report child abuse and neglect are concerned and/or anxious about reporting. Identified barriers to reporting include [29,30,31,40]:
    
	Professionals may not feel skilled in their knowledge base about child abuse and neglect. In addition, they lack the confidence to identify sexual and emotional abuse.
	Professionals may be frustrated with how little they can do about poverty, unemployment, drug use, and the intergenerational nature of abuse.
	Although professionals understand their legal obligation, they may still feel that they are violating patient confidentiality.
	Many professionals are skeptical about the effectiveness of reporting child abuse cases given the bureaucracy of the child welfare system.
	Practitioners may be concerned that they do not have adequate or sufficient evidence of child abuse.
	Practitioners may have a belief that government entities do not have the right to get involved in matters within the family.
	There may be some confusion and emotional distress in the reporting process.
	Practitioners may fear that reporting will negatively impact the therapeutic relationship.
	Some professionals have concerns that there might be negative repercussions against the child by the perpetrator.
	Some simply underestimate the seriousness and risk of the situation and may make excuses for the parents.


When interviewing children whose first language is not English, it is highly
        recommended that they be interviewed through the use of an interpreter. It can cause
        additional stress for children who struggle to find the right words in English, which can
        result in more feelings of fear, disempowerment, and voicelessness [41].


8. CASE SCENARIOS




    In the following case scenarios, consider if the case should be reported as possible child abuse in accordance with Pennsylvania law.
  
A young girl, 2 years of age, is brought to the emergency department by
      her mother and stepfather for a scalp laceration. The girl is very quiet and appears listless
      and out of sorts. Her mother reports that she was injured when she fell onto a rock outside,
      but that the injury occurred when the girl was being watched by the stepfather. The girl
      undergoes assessment for traumatic brain injury, including assessment of function using the
      modified Glasgow Coma Score. The toddler is found to have mild impairment (a score of 13), and
      the follow-up test two hours later indicates normal functioning. The nurse notices that the
      toddler appears to be afraid of the stepfather, leaning away and crying when he is near her.
      The stepfather also appears to be easily frustrated with the child, saying that he does not
      know why she cries so much.
A boy, 13 years of age, is undergoing a routine physical exam with his
      family physician. The physician asks the boy if he is excited to start school in the next few
      weeks and how his baseball team is doing. The boy becomes quiet and states that he is nervous
      about an upcoming trip with his baseball team but does not give additional information. When
      asked directly, the boy says that he is uncomfortable with the new assistant coach, who
      watches pornography with them during out-of-town tournaments and supplies them with
      pornographic magazines. However, the boy states that he doesn't think it's a big deal and that
      "all of the other kids seem to really like it."

9. CONCLUSION



Child abuse and neglect are considered significant social problems with deleterious consequences. As noted, a system has been implemented in all 50 states to ensure the safety of children, with laws defining what constitutes abuse and neglect and who is mandated to report. Healthcare professionals, regardless of their discipline or field, are in a unique position to assist in the identification, education, and prevention of child abuse and neglect.
It is the duty of all mandated reporters in the state of Pennsylvania to know their responsibilities and the laws that govern the reporting process. All reporters should adhere to the established laws and rules that govern child abuse reporting, taking into account the expanded definition of perpetrator, the updated processes in place for reporting cases of suspected child abuse, and the delineated roles of mandated reporters. Doing so will help ensure the safety of millions of children in Pennsylvania.

10. RESOURCES




        ChildLine: Pennsylvania Child Abuse Hotline
      
1-800-932-0313
http://keepkidssafe.pa.gov


        Child Welfare Information Gateway
      
330 C Street SW
Washington, DC 20201
1-800-394-3366
To report abuse: 1-800-422-4453
https://www.childwelfare.gov


        Child Welfare League of America
      
727 15th Street NW, 12th Floor
Washington, DC 20005
202-688-4200
https://www.cwla.org


        National Council on Child Abuse and Family Violence
      
P.O. Box 5222
Arlington, VA 22205
202-429-6695
https://www.preventfamilyviolence.org


        Pennsylvania Chapter of Children's Advocacy Centers and
          Multidisciplinary Teams
      
P.O. Box 3323
Erie, PA 16508
814-431-8151

        https://penncac.org
      


        Pennsylvania Child Welfare Information Solution
      
877-343-0494
https://www.compass.state.pa.us/cwis


        Pennsylvania Department of Human Services
      
P.O. Box 2675
Harrisburg, PA 17105
1-800-692-7462
https://www.dhs.pa.gov


        University of Pittsburgh, Pennsylvania Child Welfare Resource
          Center
      
403 East Winding Hill Road
Mechanicsburg, PA 17055
717-795-9048

        http://www.pacwrc.pitt.edu
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