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Advances in pain science, in turn, have the potential to greatly assist healthcare
        providers in delivering more effective pain management approaches, in part through greater
        elucidation of disease-treatment relationships. Equally important is that some of the most
        established practices of pain management are now being challenged by recent research
        evidence. This course intends to provide primary care providers with an understanding of
        neurobiological mechanisms that underlie common chronic pain conditions and the latest
        recommendations on pain management. Consistent among treatment guidelines for a wide range
        of chronic pain conditions are recommendations for using a mechanistic-based treatment
        approach. This strategy matches the analgesic mechanism of action with the likely underlying
        pain pathophysiology, combining pharmacologic, psychologic, physical rehabilitation, and
        interventional treatment approaches into a single, multi-modal approach that addresses the
        sensory, emotional, cognitive, interpersonal, and social contributions to causation and
        maintenance of pain. The pace of neuroscience discovery and translation into patient care
        has led to rapid obsolescence of some practice guidelines. Every effort has been made to
        provide the most updated information on pain and its management for this course.
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Course Overview



Advances in pain science, in turn, have the potential to greatly assist healthcare
        providers in delivering more effective pain management approaches, in part through greater
        elucidation of disease-treatment relationships. Equally important is that some of the most
        established practices of pain management are now being challenged by recent research
        evidence. This course intends to provide primary care providers with an understanding of
        neurobiological mechanisms that underlie common chronic pain conditions and the latest
        recommendations on pain management. Consistent among treatment guidelines for a wide range
        of chronic pain conditions are recommendations for using a mechanistic-based treatment
        approach. This strategy matches the analgesic mechanism of action with the likely underlying
        pain pathophysiology, combining pharmacologic, psychologic, physical rehabilitation, and
        interventional treatment approaches into a single, multi-modal approach that addresses the
        sensory, emotional, cognitive, interpersonal, and social contributions to causation and
        maintenance of pain. The pace of neuroscience discovery and translation into patient care
        has led to rapid obsolescence of some practice guidelines. Every effort has been made to
        provide the most updated information on pain and its management for this course.

Audience



This course is designed for physicians, nurses, physician assistants, and allied care providers in the primary care setting who may identify and treat patients with chronic pain syndromes.
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In support of improving patient care, TRC Healthcare/NetCE is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team. NetCE is approved to offer continuing education through the Florida Board of Nursing Home Administrators, Provider #50-2405. NetCE is accredited by the International Accreditors for Continuing Education and Training (IACET).  NetCE complies with the ANSI/IACET Standard, which is recognized internationally as a standard of excellence in instructional practices. As a result of this accreditation, NetCE is authorized to issue the IACET CEU. 
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 This activity has been approved for the American Board of Anesthesiology’s® (ABA) requirements for Part II: Lifelong Learning and Self-Assessment of the American Board of Anesthesiology’s (ABA) redesigned Maintenance of Certification in Anesthesiology Program® (MOCA®), known as MOCA 2.0®. Please consult the ABA website, www.theABA.org, for a list of all MOCA 2.0 requirements. Maintenance of Certification in Anesthesiology Program® and MOCA® are registered certification marks of the American Board of Anesthesiology®. MOCA 2.0® is a trademark of the American Board of Anesthesiology®.

 Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 Successful completion of this CME activity, which includes participation in the activity with individual assessments of the participant and feedback to the participant, enables the participant to earn 15 MOC points in the American Board of Pediatrics' (ABP) Maintenance of Certification (MOC) program. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABP MOC credit.

 This activity has been designated for 15 Lifelong Learning (Part II) credits for the American Board of Pathology Continuing Certification Program. 
Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.

 This home study course is approved by the Florida Board of Nursing Home Administrators for 15 credit hour(s). AACN Synergy CERP Category A. NetCE is authorized by IACET to offer 1.5 CEU(s) for this program. 

Individual State Nursing Approvals
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Special Approvals



This activity is designed to comply with the requirements of California Assembly Bill 1195, Cultural and Linguistic Competency. 

Course Objective



Chronic pain imposes a distressing sensory and emotional experience on the patient and potentially leads to life-altering negative outcomes. The purpose of this course is to provide clinicians with the information necessary to identify and appropriately manage chronic pain syndromes in accordance with evidence-based guidelines.

Learning Objectives



Upon completion of this course, you should be able to:
	Recall the epidemiology, contributing factors, and personal/societal cost of chronic pain syndromes.
	Outline the pathophysiology of visceral and referred pain and therapeutic implications.
	Describe the management of pain associated with cancer.
	Describe the presentation and evidence-based management of low back pain.
	Apply evidence-based strategies for the management of whiplash-associated disorders.
	Illustrate approaches to the treatment of arthritis-associated pain.
	Analyze the diagnosis and treatment of gout and gout-related pain.
	Discuss the diagnosis and management of headaches of various types.
	Describe key points in the pathophysiology and treatment of endometriosis.
	Evaluate options available for the management of pain associated with sickle cell disease.
	Identify postherpetic neuralgia and available treatment modalities.
	Assess patients' post-amputation pain and identify treatment options.
	Review key points in the diagnosis and treatment of diabetic neuropathy.
	Outline the criteria for the diagnosis and management of complex regional pain syndrome.
	Identify appropriate strategies for the management of fibromyalgia pain.
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Implicit Bias in Health Care




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

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


1. INTRODUCTION



The International Association for the Study of Pain defines pain as "an unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue damage" [1]. This definition acknowledges that pain is influenced by emotion, cognition, memory, interpersonal and social context, and other factors and has helped replace previous conceptions of pain as a strictly physiologic phenomenon [1,2]. Pain itself cannot be palpated, observed, or imaged, and laboratory tests cannot confirm or refute patient complaints of pain. Imaging abnormalities, such as disk protrusion or degeneration, poorly correlate with pain complaint, and chronic severe pain can exist in the absence of identifiable pathology [2,3]. In the absence of compelling evidence to the contrary, the best clinical approach in most settings is to believe the patient is experiencing what he or she is reporting, even in the absence of a clear pathologic explanation [1]. The National Institutes of Health states that patient self-report is the most reliable measure of pain quality and intensity [4,5]. The risk imposed by patient malingering on physician assessment or diagnostic error is more than offset by the benefits that come with the projection of compassion, acceptance, and concern.
This course intends to provide clinicians with an understanding of neurobiologic mechanisms that underlie common chronic pain syndromes and the latest recommendations on pain management. Consistent among treatment guidelines for a wide range of chronic pain syndromes are recommendations for using a mechanistic-based treatment approach. This strategy matches the analgesic mechanism of action with the likely underlying pain pathophysiology, combining pharmacologic, psychological, physical rehabilitation, and interventional treatment approaches into a single, multi-modal approach that addresses the sensory, emotional, cognitive, interpersonal, and social contributions to causation and maintenance of pain [2]. The pace of neuroscience discovery and translation into patient care has led to rapid obsolescence of some practice guidelines. Every effort has been made to provide the most updated information on pain and its management for this course. One caveat involves the widespread endorsement of interdisciplinary pain programs for chronic pain. There were roughly 1,000 of these programs in the late 1990s, but insurance industry reimbursement refusal and hospital elimination due to insufficient profits has led to the virtual absence of interdisciplinary pain programs in the United States outside the Veterans Affairs healthcare system [6,7].
It is worth noting that current knowledge of pain pathophysiology is far from complete, and this has hindered development of more effective analgesics. Clinical trial outcomes are compromised by patient selection based on categories of pain associated with a specific diagnosis, injury, or anatomic location. Reliance on categories of pain, even when using the dichotomy of nociceptive versus neuropathic pain, oversimplifies pain pathophysiology and neglects key distinguishing features. The pain medicine field is moving away from pain categories in favor of identification of pain phenotypes. Pain phenotyping incorporates detailed descriptions of pain (e.g., burning, stabbing, pricking, shooting), specific clinical signs, and other information, such as results from quantitative sensory testing. Although pain phenotyping is a relatively new area of research, the hope is that it will enable researchers and clinicians to better identify and target the underlying neural mechanisms of pain [6].
While the best available evidence is used in this course, there are clinical situations in which the evidence is limited in its quality or applicability. Randomized controlled trials (RCTs) evaluate average treatment response, usually in large numbers of highly selected, homogeneous patient groups. Thus, pain therapy should be tailored to the individual patient's background and presentation as well as the published evidence [8,9].

2. BACKGROUND



In accordance with Section 4305 of the 2010 Patient Protection and Affordable Care Act, the Institute of Medicine (IOM) was tasked with evaluating the state of the science regarding pain research, care, and education in the United States and with making recommendations that would serve as a blueprint for transforming the way pain is understood, assessed, treated, and prevented. The 2011 IOM report concluded that the present state of pain treatment is inadequate and cited shortcomings in pain clinician knowledge as a major contributing factor [2].
Effective pain management requires treatment selection guided by an understanding of the pathophysiologic mechanisms of pain as well as the overt causation. Until recently, the subjective perception of pain was thought to originate from spinal transmission and brain signaling of sensory input from a single neuron and pathway. Analgesic intervention focused on pain intensity and not pain mechanism, epitomized by the highly influential 1996 World Health Organization publication that recommended a "pain ladder" approach to cancer pain treatment [4,10]. Now, however, there is recognition that pain is a more complex, heterogeneous entity and that multiple mechanisms contribute to the onset and maintenance of different pain types. Each pain mechanism is susceptible to the expression of neuronal alteration in function, structure, or chemical profile, a phenomenon referred to as neural plasticity [11]. Causation and maintenance of pain does not arise solely from painful sensory input. The emotional status, psychological response, and social circumstance of the patient fundamentally influence pain intensity and chronicity and the level of impaired functioning [12].
Another newer, clinically relevant aspect of pain management is the recognition that different mechanisms are usually at play with regard to acute and chronic pain syndromes. 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 and obsolete. 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 [2,13,14]. There are, however, acute pain disorders that persist for extended periods without a shift in the underlying mechanism [15].
Historically, the initial approach to diagnosis and management of pain emphasized the identification of disease, lesion, or anatomic site of the pain, without reference to the underlying neural mechanisms or the application of this to treatment considerations [16]. Evidence now strongly supports combining the conventional etiology-based approach with a mechanism-based approach that classifies pain syndromes by the type of maladaptive nervous system alteration that has developed in reaction to the original insult. This approach provides a comprehensive dual therapeutic focus that targets the pathologic sustaining mechanism of the pain as well as the original disease, lesion, or tissue injury that has been the traditional focus of pain management [16,17]. Such an approach is believed to optimize pain diagnosis and treatment by avoiding the limitations associated with the traditional etiology-based approach [2,14,18,19,20,21].
Most pain syndromes involve multiple, often overlapping, neurobiologic mechanisms determined by the stage of the disease process. Current concepts of pain classify these into four main categories: nociceptive, inflammatory, neuropathic, and centralized [22].
Nociceptive pain is a physiologic response to tissue injury,
      the perception that arises from intense stimulation of specialized peripheral sensory neurons
      (nociceptors) that respond only to noxious (pain) stimuli. Nociceptive pain is subgrouped by
      location of involved tissues into somatic pain (muscle or connective tissue) and visceral pain
      (visceral structures) [23]. Nociceptive pain
      is considered adaptive during tissue healing but maladaptive and pathologic when it persists
      after healing has occurred.
Inflammatory pain occurs in response to tissue injury or infection that activates peripheral nociceptors and initiates the immune response. While the resultant production and recruitment of pro-inflammatory mediators to the injury site may serve to perpetuate discomfort, it also facilitates tissue repair; thus, this is considered an adaptive pain mechanism.
Neuropathic pain originates from peripheral or central nervous system (CNS) injury. Unlike nociceptive and inflammatory pain, the mechanism of neuropathic pain has no adaptive function and is strictly pathologic [14,24]. Acute pain from somatosensory damage is termed "acute neural injury." The term "neuropathic pain" implies pain that persists beyond the period of expected or actual tissue healing, and the underlying mechanism involves a maladaptive alteration in somatosensory nervous system function [20].
Centralized pain results from heightened nociceptive sensitivity in the absence of detectable peripheral stimulus and with negligible peripheral inflammatory pathology. The mechanism is poorly understood and is regarded as strictly pathologic as it lacks any evident adaptive function. Centralized pain disorders include conditions such as fibromyalgia, tension headache, and irritable bowel syndrome [14,23,25].
The persistence of acute nociceptive, inflammatory, or neural injury pain beyond tissue healing or repair reflects ongoing nociceptive activity that has become dissociated from peripheral nociceptive input to become maladaptive. Regardless of whether acute pain originates from tissue injury, tissue infection, or peripheral nerve injury, a similar process occurs by which nociceptive, inflammatory, and neuropathic pain signals are relayed from tissue injury site to the brain. This highly intense or prolonged pain signaling can lead to profound alteration in neuronal pathways that are further "upstream" from the peripheral tissue pain origin. Among these are increased ascending pathway signaling to the brain, reduced descending inhibitory signaling, expansion of pain receptive field, and induction of spontaneous and widespread pain. The resulting peripheral and central pathway hypersensitivity represents a state of abnormal nervous system function, amplified CNS sensory signaling, and abnormally low threshold pain response. The pain is no longer a symptom of peripheral insult, but a disease state of the nervous system [20]. This transition from acute to chronic pain occurs in discrete pathophysiologic steps involving multiple signaling pathways [26].

3. VISCERAL AND REFERRED PAIN



Visceral pain refers to pain originating from an internal organ or structure, such as the chest, abdomen, or pelvis. It often involves a temporal evolution and can be insidious and difficult to pinpoint in the early stages. The vague, diffuse, and poorly defined sensation of visceral pain is the result of low density in viscera sensory innervation and extensive divergence of visceral input within the CNS. Visceral pain is usually perceived in the midline at the level of the lower sternum or upper abdomen, independent of the actual site of origin [27].
The sources of visceral pain are multiple and the character and intensity, as described by the patient, are variable (e.g., dull ache, gnawing, cramping, burning) depending on whether the source is a solid organ, hollow viscus, or retroperitoneal structure. Visceral pain is often accompanied by autonomic symptoms and signs such as pallor, sweating, nausea, vomiting, diarrhea, tachycardia, fever, and hypotension. Sensing something new and serious, patients commonly exhibit anxiety, fear, anguish, or despondency [27,28].
The intensity of visceral pain may not correlate well with the severity of the underlying pathology. An example is the angina patient presenting with intense chest discomfort from myocardial ischemia (without necrosis), in contrast to the patient with "silent" myocardial infarction (muscle necrosis), who has little or no pain whatsoever. The experienced clinician bears in mind this common disconnect between symptom intensity and disease severity [27].
Noncardiac chest pain (NCCP) is the term applied in reference to patients who present with chest discomfort of such character and severity as to raise concern for cardiac angina, yet after a thorough and at times invasive evaluation do not meet the diagnostic criteria for cardiac ischemia. The chest pain of true angina, often severe and alarming, is typically brought on by exertion and described as a squeezing, tightness, or pressure in the anterior chest with radiation to the neck, jaw, or left arm [29]. In general, NCCP is common and of multiple causes, some of which have features that overlap with angina. This is among the most common problems prompting a visit to the emergency department.


Evidence Based Practice Recommendation

According to the American College of Gastroenterology, in patients who
        have chest pain without heartburn and who have had adequate evaluation to exclude heart
        disease, objective testing for GERD (endoscopy and/or reflux monitoring) is
        recommended.
https://journals.lww.com/ajg/fulltext/2022/01000/acg_clinical_guideline_for_the_diagnosis_and.14.aspx

             Last Accessed: August 28, 2025
Strength of Recommendation/Level of Evidence:
        Conditional recommendation, low level of evidence


Chest pain is the second leading reason for emergency department visits annually in the United States with approximately 54% of adult visits seeking care for chest pain each year [30]. In one review, the most common diagnoses were musculoskeletal chest pain (20.4%), reflux esophagitis (13.4%), costochondritis (13.1%), stable angina pectoris (10.3%), and unstable angina or possible myocardial infarction (1.5%) [31]. NCCP is frequently observed in the healthcare setting, with as many as 30% of patients undergoing coronary angiography for chest pain showing normal coronary arteries. The prevalence of NCCP is distributed evenly between men and women, but it is over-represented in patients with a diagnosis of gastroesophageal reflux disease [30].
Functional abdominal pain syndrome (FAPS) refers to chronic, recurrent abdominal pain not attributable to a structural, organic, or metabolic disorder. Moreover, the discomfort of FAPS is not provoked, aggravated, or relieved by usual activities and physiologic functions such as exercise, eating, defecation, and menstruation. Although classified similarly, FAPS is separate and distinct from functional gastrointestinal disorders (FGIDs) such as irritable bowel syndrome (IBS), which has demonstrable intestinal dysmotility and predictable triggers [32]. It is estimated that 0.5% to 2% of the population in North America suffers from FAPS, a frequency much lower than that for IBS (10% to 20%). The female to male ratio is 3:2 [32].
During the years 2004 and 2009 in the United States, the most common diagnoses among patients admitted to a hospital for abdominal pain and associated gastrointestinal (GI) symptoms were cholecystitis/cholelithiasis, pancreatitis, appendicitis, and diverticulitis [33]. As abdominal pain is also the cardinal symptom in patients with common dyspepsia, FAPS, and FGID, and the prevalence of these disorders in the adult population is estimated to be 15% to 25%, one can see that abdominal pain is an important clinical issue. The management of the patient with chronic abdominal pain syndrome can be difficult for primary care and subspecialist alike [33].
The patient with FAPS can be especially challenging because, in response to chronic pain and the uncertainty of diagnosis, these patients often exhibit ingrained maladaptive behaviors that frustrate management and must be addressed as well. These include pain symptom reporting disproportionate to clinical and laboratory findings; failure to recognize psychosocial stressors as contributory factors; discontinuity of care reflected in multiple visits to emergency departments and physicians' offices; demand for (repeated) diagnostic imaging and/or exploratory surgery to establish an organic cause; and insistence on immediate relief, often coupled with opioid drug dependence, rather than a willingness to embrace a long-term, symptom-management strategy that may require psychotherapy and a commitment to preventive self-care [32].
PATHOPHYSIOLOGY



The etiology of organic visceral pain is diverse and can include [28]:
    
	Inflammation
	Infection
	Disruption of normal mechanical processes (e.g., GI dysmotility)
	Neoplasm
	Alteration in visceral afferent sensory nerves
	Ischemia


Although very common, recognition of chronic visceral pain as a distinct pain syndrome is fairly new. This is because the pathophysiologic mechanisms of somatic pain nociception had been assumed to apply to visceral pain mechanisms. Evidence indicates important differences between the two [31].
Peripheral sensory (afferent) nerve fibers sense and transmit pain stimuli to the dorsal root ganglia of the spinal column, where the signal is then transmitted up the spinal column to the somatosensory cortex of the brain. Visceral afferent fibers project in the same nerves that carry autonomic (sympathetic and parasympathetic) efferent nerve fibers to all visceral organs, a feature that is termed "dual innervations." These afferent cell bodies reside in sensory ganglia (dorsal root), project to separate regions of the spinal cord/brainstem and encode both innocuous and noxious stimuli detected in the corresponding viscera. Because primary visceral pain afferents usually project along autonomic nerve fibers, autonomic symptoms such as nausea/vomiting, hypotension, bradycardia, and sweating often accompany visceral pain [34].
Some visceral afferents innervate more than one visceral organ, contributing to the frequent comorbidity of visceral pain disorders. Separate afferents from multiple visceral organs can converge on a single dorsal horn neuron. This can cause poor localization and discrimination of the visceral pain source and may explain referred pain when separate locations account for differences in the origin and perception of pain [35]. Visceral afferent fibers also converge on the same dorsal horn neurons as somatic afferent fibers, resulting in referred pain to the cutaneous area innervated at that level [35].
Signal transduction at the primary afferent terminal is dependent on the activation of receptors in the afferent fiber membrane. Multiple ionotropic and metabotropic receptors contribute to visceral nociceptive processing, with some representing potential therapeutic targets in functional or chronic visceral pain syndromes [35]. Visceral hypersensitivity, characterized by heightened perception of visceral stimuli, has been demonstrated in some visceral pain forms. Mechanisms responsible for hypersensitivity include sensitization of peripheral afferent nerves (peripheral sensitization) and sensitization of spinal dorsal horn neurons (central sensitization) [34].

THERAPEUTIC IMPLICATIONS



Visceral pain should be treated promptly and adequately to minimize the risk of long-term sensitization, referred hyperalgesia, and trophic changes [27]. Very few medications have received U.S. Food and Drug Administration (FDA) approval specifically for visceral pain syndromes. One example is pentosan polysulfate sodium, approved for the treatment of pelvic/bladder pain from interstitial cystitis [31,36].
Effective therapies for acute visceral pain of unknown etiology include corticosteroids, intraspinal local anesthetics, nonsteroidal anti-inflammatory drugs (NSAIDs), and opioids. Opioids, used alone or in combination with the other modalities, may represent the best therapeutic option [37].
NSAIDs are ineffective for acute exacerbations of chronic functional abdominal visceral pain because peripheral sensitization and visceral nociceptor hyperalgesia are the pain mechanisms rather than acute inflammation. Opioids, tricyclic antidepressants (TCAs), and probiotics represent available agents with demonstrated efficacy. Newly approved and investigational agents with efficacy include peripherally acting serotonergic agents such as the 5-HT3 antagonist alosetron, the 5-HT4 agonist tegaserod, and the kappa-opioid receptor agonist asimadoline [38].
For NCCP, several efficacious approaches have been identified through RCTs [39,40]:
    
	Acid suppression: Proton pump inhibitors or histamine H2-receptor antagonists
	Smooth muscle relaxants: Use of nitrates, phosphodiesterase-5 inhibitors, anticholinergic drugs, and calcium channel blockers is supported, although the overall evidence quality is low
	TCAs: Imipramine 50 mg effective in the long-term reduction of chest pain episodes
	Selective serotonin reuptake inhibitors (SSRIs): Sertraline
	Serotonin-norepinephrine reuptake inhibitors (SNRIs): Venlafaxine


Pancreatitis and other organic causes of acute abdominal pain can produce severe pain, and early administration of opioids and possibly other analgesics is recommended in these cases [39].


4. POSTSURGICAL PAIN



In the United States, more than 12.4 million surgeries were performed in 2021, an increase of 4% from 2019 [41]. A 2011 report indicated that 80% of surgical patients experience postoperative pain, and adequate pain relief is reported by less than 50% [2]. Of these patients, 88% report moderate, severe, or extreme pain; 10% to 50% develop chronic pain (depending on surgery type), and 2% to 10% report severe, chronic postoperative pain [2]. The estimated prevalence rates for chronic (more than three months) postoperative pain include 43% for mastectomy, 39% for cardiac surgery via sternotomy, and 30% for inguinal hernia repair [42]. Incidence rates for chronic pain one year after surgery are 10% to 15% for modified radical mastectomy and 61% to 70% for thoracotomy [43]. A random sample of 250 surgical patients found that 80% reported acute postoperative pain; of these, 86% experienced moderate-to-severe pain, and more patients reported pain after hospital discharge than before discharge [44]. Risk factors for chronic postsurgical pain include female sex, psychosocial issues, intensity of preoperative pain, type of surgical trauma, nerve damage, severity of acute postoperative pain and inflammatory responses, insufficient perioperative analgesia, type of disease, younger age, surgery duration longer than three hours, and radiation therapy [26,44].
Postsurgical pain is an expected, inevitable byproduct of surgical tissue damage or insertion of drains and tubes. However, it may also originate from unpleasant emotional and mental experiences surrounding surgery [45]. Postsurgical pain can be nociceptive, neuropathic, inflammatory, or a combination of pain types. Pain intensity can range from mild to extreme, and pain is associated with autonomic, endocrine-metabolic, physiologic, and behavioral responses [46]. Patients with postsurgical pain often experience sensory abnormalities and localized stimulus-evoked pain, suggesting a contribution from both abnormal sensory nerve function and ongoing nociception to the continuing pain [26].
PATHOPHYSIOLOGY



Surgical incision induces the release of inflammatory mediators by the damaged tissue, triggering an inflammatory cascade. The inflammatory response in the damaged tissue reduces sensory threshold and increases nociceptor response to subsequent sensory input, resulting in peripheral sensitization. In many patients during the course of normal wound healing, peripheral sensitization and facilitation of synaptic transmission to the CNS reverts back to normal intrinsic nociceptor activity, and postsurgical pain diminishes and then resolves. However, a variety of factors, such as a prolonged inflammatory state or chronic nerve stretching, can perpetuate peripheral sensitization and facilitation to induce pathophysiologic alteration in nociceptors. Such factors include gene expression, receptor translocation to the cell membrane, prolonged inflammatory and glial cell activation, and spinal inhibition and facilitation. Chronic pain pathophysiology via peripheral and central sensitization becomes established with the development of these structural changes [26,43].
Postsurgical pain encompasses inflammatory and neuropathic processes. Because multiple ligand- and voltage-gated ion channels activate diverse intracellular cascades, pain control is optimized with a multimodal treatment strategy. Severity and persistence of pain is also influenced by the specific involved tissue, underlying genetics, and patient psychological status. Intra-operative nerve damage results from procedures such as thoracotomy and mastectomy, elevating risk of chronic neuropathic pain [26].

TREATMENT



Following breast, thoracic, and hernia repair surgery, subsequent chronic pain is strongly predicted by postoperative pain severity. Severe and persistent preoperative pain is also significantly associated with chronic pain development. Thus, aggressive pain management in the peri- and postoperative period is necessary to alleviate needless patient suffering and minimize the risk of chronic pain [26,43]. The best approach involves multiple analgesic agents that target different pain mechanisms in order to address pain comprehensively, minimize side effects, and achieve additive analgesic effects [29]. Most postoperative patients experience Aδ and C fiber pain, which accounts for the superiority in pain control with opioid analgesics and NSAIDs [47].
The following recommendations for postsurgical pain are from guidelines published by the American Pain Society, the American Society of Regional Anesthesia and Pain Medicine, and the American Society of Anesthesiologists Committee on Regional Anesthesia; the European Association of Urology; and the American Society of Anesthesiologists Task Force on Acute Pain Management [45,46,48]. Note that very few recommendations were made for specific analgesic agents.
Preoperative Recommendations



	Adjust or continue medications to avert abstinence syndrome and treat pre-existent pain.
	Initiate therapy for postoperative pain management.
	Educate patient and family regarding their roles in achieving comfort, reporting pain, and proper use of recommended analgesic methods.
	Dispel erroneous beliefs regarding inflated risks of adverse effects and patient addiction.
	Use patient education to address behavioral approaches for pain and anxiety control.



Perioperative Recommendations



	Use epidural or intrathecal opioids, systemic opioid patient-controlled analgesia, and regional techniques instead of intramuscular opioids given "as needed," based on risks and benefits in each patient.
	Administration of local anesthetic at the incisions reduces postoperative pain.
	Only use therapies within one's expertise that can be delivered safely.
	Be vigilant with continuous infusion modalities for drug accumulation.



Multimodal Pain Management Recommendations



	Individualize postoperative multimodal therapy for the particular patient, operation, and circumstance.
	Select analgesic options on the basis of advantages, disadvantages,
              contraindications, and patient preference.
	Unless contraindicated, administer around-the-clock NSAIDs, cyclooxygenase-2 (COX-2)
              inhibitors, or acetaminophen.
	Consider regional blockade with local anesthetics instead of opioids.
	Patient-controlled epidural analgesia provides superior analgesia, fewer complications, and improved patient satisfaction compared to systemic delivery, and is recommended.
	Dosing should be calculated to optimize efficacy and minimize adverse event risk.
	Tailor medication selection, dose, route, and duration to each patient.


Guidelines by the Australian and New Zealand College of Anaesthetists emphasize the utility of protective analgesia, an approach that uses pre- and postsurgical analgesia to reduce risk of sensitization [49]. Efficacy in reducing chronic postsurgical pain has been found with combinations of gabapentin, opioids, clonidine, NSAIDs, and the N-methyl-D-aspartate (NMDA) antagonists ketamine and dextromethorphan, with greatest benefit coming from low-dose IV ketamine added to epidural analgesia.
A systematic review of perioperative gabapentin or pregabalin evaluated efficacy in
          preventing chronic (two or more months) postsurgical pain. Eleven RCTs involving 930
          patients were analyzed. All three pregabalin trials found a very large reduction in
          chronic postsurgical pain (pooled odds ratio [OR]: 0.09; P=0.007), while six of eight
          gabapentin trials demonstrated a moderate-to-large reduction in chronic pain development
          (pooled OR: 0.52; P=0.04) [50].



5. CANCER PAIN



Pain is perhaps the most feared of symptoms by patients with cancer. Unrelieved pain denies comfort and seriously degrades quality of life, while effective pain control is associated with improved survival outcomes [23].
Estimates of cancer pain indicate a 50% to 70% prevalence rate among patients actively receiving cancer treatment and a 60% to 90% rate in patients with advanced-stage cancer. Among patients with advanced malignancy, pain causation can be attributed to tissue infiltration by tumor in about 66% of cases and to the adverse effects of therapy in 25% [51]. Overall, more than 50% of patients with cancer experience severe, uncontrolled pain during the course of their illness. Therefore, pain management is a primary challenge for the patient with cancer and the treating oncologist.
Cancer pain syndromes are classified as acute or chronic (Table 1). Acute pain is commonly precipitated by structural and vascular complications directly attributable to tumor growth (e.g., obstruction, hemorrhage, fracture) or by the side effects and toxicities of chemotherapy and irradiation. With chronicity, the source of pain tends to become more complex and multifactorial as patients develop distant metastases and advanced disease, especially if subject to multiple procedures and therapies [52]. In order to provide effective pain control to patients with cancer, it is essential to identify the specific origin, because pain of different underlying mechanism preferentially responds to specific therapies.

Table 1: COMMON CANCER PAIN SYNDROMES
	Tumor-Related Pain	Treatment-Related Pain
	Acute pain
	
              Vertebral collapse and other pathologic fractures
Acute obstruction of hollow viscus
Headache from intracranial hypertension
Hemorrhage into tumor


            	
              Chemotherapy


              	Painful oropharyngeal mucositis
	Painful peripheral neuropathy
	Bone/muscle pain from colony-stimulating factors or chemotherapies



              Radiation therapy


              	Painful oropharyngeal mucositis
	Radiation enteritis and proctocolitis
	Early-onset brachial plexopathy
	Painful dermatitis
	Hormone therapy
	Bone pain flare
	Arthralgia, myalgia



            
	Nociceptive pain syndromes (chronic pain)
	
              Bone and joint/soft tissue pain syndromes


              	Multifocal or generalized pain (focal metastases or marrow expansion)
	Base of skull metastases
	Vertebral syndromes
	Pain syndromes of bony pelvis or hip
	Tumor invasion of joint or soft tissue



              Paraneoplastic pain syndromes (e.g., hypertrophic osteoarthropathy)
Tumor-related gynecomastia


            	
              Painful osteonecrosis


              	Radiation- or corticosteroid-induced necrosis of femoral or humeral
                    head
	Osteoradionecrosis of other bones



              Painful lymphedema
Painful gynecomastia


              Chronic abdominal pain


              	Due to intraperitoneal chemotherapy
	Due to radiation therapy



              Radiation-induced chronic pelvic pain


            
	Visceral involvement of neoplasm (chronic
              pain)
	
              Hepatic distension syndrome
Rostral retroperitoneal syndrome
Chronic intestinal obstruction
Peritoneal carcinomatosis
Malignant pelvic and perineal pain
Chronic ureteral obstruction


            	—
	Neuropathic pain syndromes (chronic pain)
	
              Painful peripheral mononeuropathies
Painful polyneuropathies


              Plexopathy


              	Cervical
	Brachial
	Lumbosacral
	Sacral



            	
              Postsurgical neuropathic pain syndromes


              	Postmastectomy syndrome
	Post-thoracotomy syndrome
	Postradical neck dissection syndrome
	Postnephrectomy syndrome
	Stump pain/phantom limb pain



              Postradiotherapy pain syndromes


              	Radiation fibrosis of cervical, brachial, or lumbosacral plexus
	Radiation-induced neoplasm
	Radiation myelopathy



              Postchemotherapy pain syndromes


            
	Bisphosphonate-related pain (chronic pain)
	—	
              Bone pain
Osteonecrosis


            


Source: [52]


The pathophysiology includes nociceptive (visceral and somatic), neuropathic, affective, behavioral, and cognitive mechanisms [23]. Somatic pain in skin, muscle, or bone is usually described as an aching, stabbing, throbbing, or pressure-like pain sensation. Visceral pain originating from internal organs or viscera is experienced as a gnawing, cramping, aching, or sharp pain. Patient description of neuropathic pain from nerve damage is described as burning, tingling, shooting, electric/shocking, or numbness. The damaged nerve structure can induce aching pain or dysesthesia anywhere in the innervated dermatomal region, and motor, sensory, or autonomic dysfunction in the innervated region may or may not be present [23].
Cancer pain does not originate solely from physiologic sources but also from the interaction of nociceptive aspects of pain with personality, mood, behavior, and social relations. Spiritual distress, frequently overlooked by clinicians, includes existential questions, the search for meaning and purpose, anger at "fate," and possibly specific issues regarding faith. Social pain relates to patient status within their community or society, financial concerns, and family and caregiver impact of the pain. Fear, anxiety, and depression contribute to and are caused by the cancer pain and its personal and interpersonal impact [53].
As noted, the "gold standard" of pain assessment is patient self-report, although intimate others often serve as proxies when cognitive or language factors impede patient-provider communication [52]. Pain severity at initial assessment is highly predictive of subsequent pain management complexity, including greater pharmacologic and multidimensional treatment requirements and timeframe for achieving stable pain control. Patient assessment should investigate the subjective quality, location, aggravating and relieving factors, cognitive reaction and cognitive impairment related to the current pain experience, patient goals related to pain control, and changes in pattern, intensity, or severity [52]. All relevant quality-of-life aspects, including physical, psychological, social, spiritual, and familial domains, should be investigated.
PATHOPHYSIOLOGY



Tumor-generated pain is determined by histologic type, location of the primary neoplasm, and location of metastases [54]. Pathogenic mechanisms that underlie some forms of cancer pain are discussed in this section.
Local and systemic inflammatory response stimulates release of pro-inflammatory mediators that facilitate pain transmission and increase pain intensity [54]. Tumor infiltration of sensitive tissues may entrap or injure nerves, producing visceral pain or neuropathic pain, respectively. Tumor activation of the immune response and local release of endothelin, prostaglandins, and tumor necrosis factor-alpha (TNF-α) results in excitation of peripheral nociceptive primary afferents. Tissue acidosis and proteolytic enzymes released by tumor cells may damage sensory and sympathetic nerve fibers, leading to neuropathic pain [54]. Central sensitization, induced by the ongoing bombardment of nociceptive and inflammatory pain signaling, contributes to the maintenance of chronic pain.
Metastatic cancer to bone causes pain through injury or infiltration of sensory neurons that innervate bone marrow. Bone infiltration also impairs normal bone turnover by disrupting the mechanisms that regulate osteoclast and osteoblast balance and activity. Mechanical bone strength becomes degraded with advanced disease and bone becomes vulnerable to osteolysis, pathologic fracture, and microfractures. Mechanical distortion can occur in the periosteum, potentially causing severe pain [54].
Different mechanisms underlie chemotherapy-induced neuropathy as well. Some chemotherapy drugs induce cytokine release by disrupting tubulin function, which can damage or destroy sensory neurons and sensitize primary nociceptive afferents. Radiation therapy that produces tissue fibrosis may result in nerve compression or microvascular obstruction, promoting central sensitization [54].

TREATMENT



Patients with cancer who experience pain receive care from a multidisciplinary team comprised of different specialist physicians (e.g., oncology, chronic pain, orthopedics), nurses, medical social workers, physiotherapists, pharmacists, psychologists, and chaplains. In addition, the physiologic aspect of cancer pain should not be treated in isolation, ignoring other contributing factors. One option for cancer pain is palliative care, an interdisciplinary therapeutic approach that emphasizes reducing suffering and maintaining quality of life, with a focus on the patient and family as the unit of care [55].
As discussed, cancer survival is linked to symptom control and pain management is linked to quality-of-life improvement; thus, pain management is essential to maximize patient outcomes. All patients should be assessed for pain at every contact, and if pain is present, pain management strategies should be implemented with the goals of improved comfort and function [23,52]. It is useful to have patients rate severity in reference to a pain scale, where 0 represents no pain and 10 is the worst pain imaginable. Thus, the level of pain intensity may be rated as mild (1–3), moderate (4–6), or severe (7–10). The level of pain intensity, effectiveness of analgesia, and experienced side effects should be reassessed at regular intervals [52].
In general, opioids are the primary therapy for cancer pain, and adjuvant analgesics are meant to complement opioid management. The appropriate opioid dose is that required to achieve pain relief throughout the dosing interval without unmanageable adverse effects [23]. Most patients require complex pharmacologic strategies to optimize pain control, minimize opioid side effects, and target specific pain mechanisms using adjuvant analgesics. Ongoing cancer pain requires fixed-schedule dosing, preferably with extended-release opioids for background analgesia, coupled with supplemental, short-acting opioids to control breakthrough pain as needed. Rapid-onset oral transmucosal fentanyl is effective for breakthrough pain in opioid-tolerant patients. When indicated, methadone should be initiated by physicians with experience and expertise in its use. The term "opioid-irrelevant pain" describes the contribution to pain by factors not amenable to analgesics, such as psychosocial concerns [56].
Opioid-Naïve Patients



Patients are considered opioid tolerant after receiving ≥60 mg oral morphine (or equianalgesic dose of another opioid) daily for one week or longer. Patients not meeting this threshold are considered opioid naïve. Principles for treating pain in opioid-naïve patients include [23]:
      
	Anticipation and treatment of analgesic side effects, including beginning a bowel regimen to control constipation when initiating opioids
	Consideration of adjuvant analgesics for specific pain syndromes
	Provision of psychosocial support and patient/family/caregiver education
	Optimization of integrative interventions
	NSAIDs or acetaminophen, as appropriate


For opioid-naïve patients with mild pain, a trial of NSAIDs or acetaminophen is indicated before titrating a short-acting opioid (e.g., hydrocodone or codeine). If pain is moderate, the National Comprehensive Cancer Network recommends using oral morphine (5–7.5 mg) as the first-line short-acting opioid [23].
The initial treatment for opioid-naïve patients with severe pain is rapid titration of a short-acting opioid, specifically IV 2–5 mg morphine or equivalent. If the patient is morphine intolerant, IV hydromorphone, oxymorphone, or fentanyl should be substituted. Patients are reassessed every 15 minutes after an IV dose or every 60 minutes after an oral dose. If the pain is unchanged or worse, the dose may be increased by 50% to 100%. If the pain decreases to level 4–6, repeat the same opioid dose and reassess again after 60 minutes for oral or 15 minutes for IV dose. If the pain score decreases to 0–3, the current opioid dose is then continued as needed for the initial 24 hours. Insufficient relief of moderate-to-severe pain at reassessment after two to three opioid cycles should result in a change in route or a change in strategy [23].

Opioid-Tolerant Patients



For opioid-tolerant patients with breakthrough pain level ≥4 or pain level <4 with inadequate pain control and function, the rescue dose may be increased by 10% to 20% of the total opioid amount given in the previous 24 hours. Then, assess every 15 minutes after IV dose or 60 minutes after oral dose. If the pain remains unchanged or worsens, administer 50% to 100% of the previous opioid rescue dose [23]. If the pain decreases to a level of 4–6 after the rescue dose, repeat the same opioid dose and reassess after 60 minutes for oral or 15 minutes for IV dose. If the pain score decreases to 0–3, the current opioid dose should be continued as needed for the ensuing 24 hours. If the pain level is unchanged (moderate-to-severe pain) after two to three opioid cycles, change the route or change the overall strategy [23].
A 2013 meta-analysis compared rapid-onset oral fentanyl preparations against oral morphine in onset and effectiveness of breakthrough cancer pain. The results strongly indicated more rapid and superior pain control with fentanyl and suggest buccal tablet, sublingual, or oral transmucosal fentanyl products be considered in place of standard oral morphine therapy for these patients [57].

Subsequent Management of Pain



Subsequent treatment is based on continued patient pain rating score. It is important to remember that all pain levels require regular-dose and rescue-dose opioids, and the approach will depend on the type of pain experienced (Table 2). For persistent moderate pain, continue opioid and adjuvant analgesic titration and consider specific pain syndrome problems and pain specialist consultation. For example, antidepressants and anticonvulsants are first-line adjuvant analgesics for cancer-related neuropathic pain and can improve pain control with partial response to opioids. If persistent pain is severe, also re-evaluate the diagnosis, opioid titration, and adjuvant selection and consider specialist consult.

Table 2: ADJUVANT ANALGESICS FOR CANCER-RELATED PAIN
	Type of Pain	Recommended Adjuvant Analgesic
	Neuropathic pain	
                  Antidepressants (first-line: amitriptyline, imipramine, nortriptyline,
                      desipramine; second-line: duloxetine, venlafaxine)
Anticonvulsants (first-line: gabapentin, pregabalin)
Topical agents (lidocaine patch 5%, diclofenac gel 1%, or diclofenac
                      patch 180 mg)
Corticosteroids (if neural structures or bones are involved)


                
	Nerve compression or inflammation	Trial of NSAIDs or corticosteroids
	Bone pain without oncologic emergency	
                  NSAIDs
Bisphosphonates or other bone-modifying agents
For diffuse bone pain: hormone therapy or chemotherapy, corticosteroids,
                      and/or systemic radioisotopes
For local bone pain: local radiation therapy, nerve block,
                      vertebroplasty, or kyphoplasty


                
	Painful lesions likely to respond to antineoplastic therapies	Trial of radiation, hormones, or chemotherapy
	NSAIDs = nonsteroidal anti-inflammatory
                  drugs.


Source: [23]


Complementary approaches may be useful adjuncts to pharmacotherapy. A systematic review was performed of RCTs comparing drug therapy plus acupuncture with drug therapy alone in the treatment of cancer pain. A significant difference was found in pain reduction when acupuncture was combined with pharmacotherapy [58]. Acupuncture typically provides pain relief 15 to 40 minutes after stimulation. Relief seems to be related to the release of endorphins and a susceptibility to hypnosis [59]. The efficacy of acupuncture for relieving pain has not been proven, as study samples have been small. However, acupuncture has been found to be of some benefit for cancer-related pain when the therapy is given in conjunction with analgesic therapy [58].
Massage, which can be broadly defined as stroking, compression, or percussion, has led to significant and immediate improvement in pain in the hospice setting [60]. Both massage and vibration are primarily effective for muscle spasms related to tension or nerve injury, and massage can be carried out with simultaneous application of heat or cold. Massage may be harmful for patients with coagulation abnormalities or thrombophlebitis [59].
Focused relaxation and breathing can help decrease pain by easing muscle tension. Progressive muscle relaxation, in which patients follow a sequence of tensing and relaxing muscle groups, enables patients to feel more in control, provides distraction from pain, and may lessen the level of ambient discomfort [59]. This technique should be avoided if the muscle tensing will be too painful.
Other nonpharmacologic interventions reportedly helpful for some patients but lacking a strong evidence base include manipulative and body-based methods (such as application of cold or heat and positioning), yoga, distraction, and music or art therapy. The application of cold and heat are particularly useful for localized pain and have been found to be effective for cancer-related pain caused by bone metastases or nerve involvement, as well as for prevention of breakthrough incident pain [59]. Alternating application of heat and cold can be soothing for some patients, and it is often combined with other nonpharmacologic interventions.
Cold therapy can be applied through wraps, gel packs, ice bags, and menthol. It provides relief for pain related to skeletal muscle spasms induced by nerve injury and inflamed joints. Cold application should not be used for patients with peripheral vascular disease. Heat can be applied as dry (e.g., heating pad) or moist (e.g., hot wrap, tub of water) and should be applied for no more than 20 minutes at a time, to avoid burning the skin. Heat should not be applied to areas of decreased sensation or with inadequate vascular supply or for patients with bleeding disorders.
Changing the patient's position in the bed or chair may help relieve pain and also helps minimize complications such as pressure ulcers, contractures, and frozen joints. Members of the healthcare team as well as family members and other informal caregivers can help reposition the patient for comfort and also perform range-of-motion exercises. Physical and occupational therapists can recommend materials, such as cushions, pillows, mattresses, splints, or support devices.
Hatha yoga is the branch of yoga most often used in the medical context, and it has been shown to provide pain relief for patients who have osteoarthritis and carpal tunnel syndrome but it has not been adequately studied in patients with cancer-related pain. Yoga may help relieve pain indirectly in some patients through its effects on reducing anxiety, increasing strength and flexibility, and enhancing breathing [61]. Yoga also helps patients feel a sense of control.
Methods to provide distraction from pain come in a wide variety of methods, including reciting poetry, meditating with a calm phrase, watching television or movies, playing cards, visiting with friends, or participating in crafts. Music therapy and art therapy are also becoming more widely used as nonpharmacologic options for pain management. Listening to music has been shown to decrease the intensity of pain and reduce the amount of opioids needed, but the magnitude of the benefit was small and the review was withdrawn [62]. Research suggests that art therapy contributes to a patient's sense of well-being [63]. An art therapist can help with reflection on the implications of the art work. Art therapy is especially helpful for patients who have difficulty expressing feelings with words, for physical or emotional reasons.

Side Effect Management



Opioids are associated with many side effects, the most notable of which is constipation, occurring in nearly 100% of patients. The universality of this side effect mandates that once extended treatment with an opioid begins, prophylactic treatment with laxatives must also be initiated. The recommended first-line treatment is a stimulant laxative with or without a stool softener and/or polyethylene glycol. If inadequate, use metoclopramide and/or a saline enema. Finally, if the constipation is still persistent, methylnaltrexone or naloxegol should be considered. If refractory, consider neuraxial analgesics, neuroablative techniques, or other interventions to decrease pain, alleviate constipation, and/or reduction of opioid dose [23].
Nausea may occur alone or with vomiting, a neuromuscular reflex. Nausea and vomiting can exacerbate pain and contribute to insomnia, fatigue and weakness, and anorexia. It can also limit activities and cause distress for the patient and family. Nausea is the result of stimulation of one of several pathways: the chemoreceptor trigger zone (located in the medulla), the cortex of the brain, the vestibulocochlear nerve, or the GI tract. Prochlorperazine, thiethylperazine, metoclopramide, or haloperidol should be used to address this complication. If nausea and vomiting persist, add therapies that target different mechanisms of action, such as corticosteroids or the 5-HT3 receptor antagonists granisetron or ondansetron. Tolerance to nausea and sedation usually develops within three to seven days. Opioid rotation should be considered if nausea or vomiting remains a problem despite treatment [23].
Other possible side effects include pruritus, sedation, and delirium. Pruritus is generally addressed using diphenhydramine or promethazine, although low-dose naltrexone or nalbuphine may be added in severe or intractable cases. If pruritus continues despite treatment, switch opioids. Sedation may be treated with methylphenidate, dextroamphetamine, modafinil, or caffeine. First-line choices for delirium include haloperidol, olanzapine, or risperidone. Persistent delirium may require a switch to another opioid [23].



6. PAIN OF SPINAL ORIGIN



LOW BACK PAIN



Of all pain syndromes, low back pain (LBP) in general and chronic LBP (CLBP) in particular are the most common and impose the greatest clinical, social, economic, and public health burden [64]. CLBP is now recognized as a clinical syndrome caused by a variety of pathologies in the lumbar spine and adjacent structures [65].
The current strategy for managing patients with CLBP involves enhancing coping skills, restructuring maladaptive beliefs, and improving functional ability and activity tolerance [66]. In patients with chronic disabling pain, the use of cognitive-behavioral therapy, progressive relaxation, yoga, or meditation combined with progressive activity or exercise therapy produces superior outcomes relative to lumbar spine-targeted approaches such as decompressive laminectomy. While pain reduction can be achieved with surgical approaches, improvement in physical functional status is often unsatisfactory. This is concerning given the strong correlation between physical performance and future disability [67,68]. Interestingly, CLBP therapies that address well-defined mechanical problems, such as back strengthening exercises for muscular weakness or atrophy, have demonstrated improvement independent of the original specific physiologic or anatomic target [67].
Clinical research in these patients suggests that there are acquired alterations in brain structure and function that may contribute to CLBP and disability [68]. Among these is the observation that central processing of sensory input is altered, demonstrated by abnormal amplitude and spatial topography of cortical somatosensory-evoked potentials in response to painful or non-painful stimuli. Another is that background muscle activation modifies somatosensory-evoked potentials in response to pain stimuli. These findings are thought to reflect changes in the neural interactions between pain perception and motor output that develop with CLBP [69]. Together, these findings suggest that the reduction in pain and disability and enhanced physical function observed with integrative therapy approaches to CLBP are the result of changes at higher neurologic levels [67].
In the United States, the prevalence of CLBP ranges from 15% to 45%, with a point prevalence of 30% [64]. From 1990 to 2021, LBP declined from the third leading cause of disability-adjusted life years to the fourth [70]. However, as the U.S. population ages, the burden of musculoskeletal disorders, including LBP, is expected to increase [70].
Major depressive disorders were the second leading cause of years lived with disability in 2021 [70]. Longitudinal studies have found a significant association between major depression and the development of chronic pain, including CLBP [64].
Among primary care patients with back pain, the prevalence of LBP etiology is [21,71,72]:
    
	Nonspecific LBP: 85%
	Herniated disk: 4%
	Compression fracture: 4%
	Spinal stenosis: 3%
	Cancer: 0.7%
	Ankylosing spondylitis: 0.3%
	Cauda equina syndrome: 0.04%
	Spinal infections: 0.01%


Risk factors for progression to chronic back pain include obesity; smoking; low education, socioeconomic, and job satisfaction levels; psychosocial distress, somatization, depression, and psychiatric or substance abuse history; and genetic factors [64]. Additionally, abnormal serum lipid levels may be positively correlated with LBP and increased risk for CLBP [73,74,75]. Severe pain and multiple episodes of recurrent LBP also heighten the risk of progression to chronic LBP. The greatest baseline predictors of persistent disabling LBP include maladaptive pain coping behaviors, non-organic signs, functional impairment, low general health status, and the presence of psychiatric comorbidities [67].
Pathophysiology



The pathophysiology underlying the transition from acute to chronic nonspecific LBP is not yet fully explained, but several likely mechanisms have been identified. These include interaction between inflammatory and neuropathic processes, patient-specific factors, factors related to the precipitating injury or trauma that induce peripheral sensitization, and central sensitization [26].
Muscle tissue shows a high innervation density of nociceptors containing the neuropeptide substance P, calcitonin gene-related peptide (CGRP), and somatostatin, released with nociceptor activation by noxious stimuli. Substance P and CGRP induce local vasodilatation and edema, triggering the release of bradykinin from plasma proteins and increasing the excitability of nociceptor nerve endings. Soft tissue overuse, ischemia, or inflammation elevates tissue concentrations of bradykinin and serotonin (5-HT) to induce the release of arachidonic acid from cell membranes by phospholipase A2. Prostaglandin E2 is released, and a proinflammatory cascade is triggered that results in muscle nociceptor sensitization. Prolonged transmission of nociceptive stimuli to the dorsal horn results in dorsal horn neuron hyperexcitability caused by the release of substance P and glutamate from the spinal terminals of muscle afferents and by the ensuing activation of NMDA channels in dorsal horn neurons. This leads to expansion of the receptive field of the muscle nerve and central sensitization. Transition from acute to chronic LBP involves structural changes that perpetuate the functional changes. Numerous mechanisms are involved, including cell death, primarily in inhibitory interneurons due to bombardment by intense nociceptive stimuli. Decreasing the population of these neurons promotes chronic disinhibition and continuous generation of pain by nociceptive neurons with or without the presence of noxious stimuli [65,67,76].
Most persons with degenerative spine changes such as disk herniation, spinal stenosis, and foraminal stenosis do not have pain. In patients who do have pain with disk herniation and associated radiculopathy, it is thought to be primarily due to chemical inflammation and not merely mechanical compression. Inflammatory mediators play an important role in the pathogenesis of lumbar radicular pain and LBP in lumbar degenerative diseases. The cytokine interferon gamma (IFN-γ) contributes to the biochemical cascade, triggering pain in lumbar radicular pain [77]. Epidural corticosteroid injection is effective in suppressing the functional activity of inflammatory mediators such IFN-γ and phospholipase A2, decreasing pain from inflammation in the epidural space and surrounding nerve roots [65].
Pain resulting from injury or lesion to a peripheral nerve, dorsal root ganglion, or dorsal root arising from trauma, compression, inflammation, or ischemia represents peripheral neuropathic pain. In CLBP with a peripheral neuropathic pain component, mechanisms that alter the structure and function of peripheral nerves and their central terminals include [78]:
      
	Sensitization of neural connective tissue nociceptors: Impaired intraneural circulation and hypoxia in response to nerve injury may elicit an inflammatory response within neural connective tissues, resulting in nociceptor sensitization and an increase in nociceptive drive.
	Ectopic excitability: Upregulation of ion channels at nerve injury sites may induce abnormal impulse generating sites, which fire spontaneously and independently of a peripheral stimulus. These sites may cause hyper-reactivity of injured nerves to thermal, mechanical, or chemical stimuli.
	Cross-excitation: Electrically or chemically mediated excitation between adjacent injured and uninjured neurons may amplify nociceptive signaling.
	Structural changes: Axonal sprouting of non-nociceptive Aβ fibers may occur into dorsal horn laminae that receive nociceptive inputs to enhance onward nociceptive signaling in ascending tracts.
	Neuro-immune interactions: Nerve injury may activate peripheral and CNS immune cells, such as microglia in the dorsal horn, which stimulates the release of additional chemical modulators that may contribute to the development and persistence of peripheral neuropathic pain.



Clinical Presentation



The onset of LBP is described as discomfort in the vicinity of the low back ranging from a dull ache to a sudden, sharp, shooting or stabbing pain and may include limited flexibility and/or range of motion or inability to stand straight [79]. Although the symptoms of back pain can originate anywhere from the thoracic spine to the sacrum and coccyx, most cases originate in the lumbar spine, as this is the site of support for upper body weight [79].
With LBP, the clinical presentation varies according to etiology. In general, radicular pain suggests nerve root involvement, while axial pain suggests disk degeneration, facet arthropathy, sacroiliac (SI) joint arthropathy, or myofascial pathology of the spine.
Nonspecific LBP
Up to 85% of LBP in patients presenting to the primary care setting is nonspecific, meaning that it lacks a clear origin and is not caused by specific local or systemic disease or spinal abnormality [1]. Nonspecific LBP is a diagnosis of exclusion made after ruling out serious causes of the back pain. Although pain can originate from ligaments, facet joints, muscle, fascia, nerve roots, the vertebral periosteum, or outer portions of the disk, the effective management of nonspecific LBP does not require a precise anatomic diagnosis [66]. The pain is usually unilateral and may radiate to the buttocks or posterior thigh but not past the knee. This can lead to incorrect diagnosis of radiculopathy or disk herniation. However, true radicular symptoms radiate below the knee in a dermatomal distribution and can involve sensory loss, weakness, or reflex changes. Painful spasm may be present, and pain may be worsened by movement, while lying flat decreases the pain. Complaints of numbness, weakness, or bowel or bladder dysfunction are absent [80]. Degenerative changes revealed by lumbar imaging should usually be considered nonspecific, because they poorly correlate with symptom severity [21,81].
Lumbosacral Radiculopathy
Lumbosacral radiculopathy is a clinical diagnosis of nerve root irritation and compression, resulting in a symptom distribution of the affected lumbar or sacral nerve root such as numbness, weakness, or paresthesia. Sciatica is the most common symptom of lumbar radiculopathy and refers to pain that radiates down the leg below the knee in the distribution of the sciatic nerve to indicate nerve root compromise from mechanical pressure or inflammation [21].
Causes of lumbar radiculopathy include disk herniation, arthritic degeneration, cord compression, spinal stenosis, tumor, and infection. With herniated disk, the pain is described as a deep, aching, axial midline pain concurrent with radicular pain. Discogenic pain results from a tear in the outer disk layer (annulus fibrosis) that causes the inner gelatinous material (nucleus pulposus) to prolapse, inflame, and compress a nerve root [80]. The resulting pain from pressure and nerve irritation improves with the resolution of local inflammation, and the disk protrusion may spontaneously remit with time. Although disk herniation and radiculopathy are often viewed as causally linked, herniation is often asymptomatic and only occasionally the cause of sciatica [80].
Lumbar Spinal Stenosis
Lumbar spinal stenosis refers to the frequently age-related narrowing of the spinal canal that may result in bony constriction of the cauda equina and the emerging nerve roots [21]. Spinal stenosis can produce pain in the low back that radiates down the back of both legs, often worsened with standing or walking. To make the pain more bearable, patients often walk a short distance with a hunched back, and then sit down for relief. The pain will then dissipate after several minutes. Congenital lumbar canal stenosis is a predisposing factor. Patients show less tenderness over the lumbar spine than those with acute lumbar disk herniation, and the straight leg-raising test may be normal [65].
Most persons 60 years of age and older exhibit varying degrees of spinal stenosis from disk herniation, osteophytes, or degenerative spondylolisthesis. Fortunately, clinical pain manifests in less than 30% and, just as with degenerative disk disease, there is poor correlation between symptom severity and extent of spinal canal stenosis revealed by magnetic resonance imaging (MRI) [80].
Myofascial Pain
Myofascial pain of the low back or neck is common, especially following trauma or repetitive motion injury. This is thought to result from strain or sprain to the muscles and ligaments. Myofascial pain is described as a deep, aching, poorly localized discomfort made worse by activity. It can be limited to discomfort in the paraspinal muscles or may extend to the buttocks and upper thigh areas [82].
Epidural Compression Syndrome
Epidural compression syndrome is an umbrella term that encompasses spinal cord compression, cauda equina syndrome, and conus medullaris syndrome. While these conditions differ in the level of neurologic deficit at presentation, they are otherwise similar in symptoms, evaluation, and management. Massive herniation of a midline disk, typically at the L4 to L5 disk level, is the most common cause of epidural compression syndrome. Tumor, epidural abscess, spinal canal hematoma, or lumbar spine spondylosis represent other causes [80].
In these patients, neurologic status at diagnosis is the greatest predictor of ultimate neurologic outcome and underscores the importance of early accurate diagnosis. The dominant symptom is back pain with accelerating pain severity. Pain from epidural spinal cord compression is made worse with recumbent positioning, and unilateral or bilateral radiculopathy may develop over time. For many patients, leg pain or neurologic symptoms are more dominant than back pain. Also common at diagnosis is symmetrical lower extremity weakness that may have progressed to gait disturbance or paralysis. Decreased lower extremity reflexes are associated with cauda equina syndrome [80].
Lumbar Facet Joint Syndrome
Lumbar facet joint syndrome is seen in as many as 35% of patients with LBP and is frequently associated with arthritis or lumbar facet joint injury [65]. Dominant symptoms include unilateral LBP that may radiate down the back or front of the thigh and morning stiffness with isolated facet arthropathy [83]. Tenderness is usually found over the lumbar paraspinal muscles and facet joints. Back pain is worsened with back extension and lateral rotation to the side of the pain, and the leg-raising test is negative. MRI and computed tomography (CT) findings of facet joint arthropathy do not correlate with clinical findings [65].
Sacroiliac Joint Syndrome
SI joint syndrome typically manifests as localized pain in the lower back or upper buttock area that overlies the SI joint. Pain is intensified by attempts to walk upstairs, and while pain may be referred to the posterior thigh, extension below the knee is unusual [79]. Tenderness over the SI joint is often found in physical examination, and pain is aggravated by the Patrick test or single-leg standing [65]. The onset of SI joint pain is usually gradual (over months to years), and although etiology is often elusive, trauma, infection, and tumor represent infrequent yet known causes of SI joint pain [79].
Spinal Cord Injury
Spinal cord injury (SCI) occurs in 17,810 persons every year in the United States (78% of new cases are men), and an estimated 294,000 patients are living with SCI [84]. Less than 1% of persons with SCI experience complete neurologic recovery by the time of hospital discharge [84]. One study found that, among patients with SCI, 86% report that pain persists six months after discharge and 27% report that pain is severe enough to interfere with most daily activities [85]. SCI pain may develop at or below the level of spinal injury and does not correlate well with the magnitude or location of the lesion nor the presence of myofascial pain syndrome. However, injury from gunshot is associated with more severe pain [65].
Neuropathic, musculoskeletal, and/or visceral pain can contribute to SCI pain. Central neuropathic pain can develop weeks to months following injury and is described as a burning, sharp, or shooting pain at or below the level of injury in areas with partial or complete loss of sensation to touch. Segmental pain around the trauma site often develops within the first couple of months post-injury and can manifest as allodynia (pain induced by light touch) and hyperalgesia, potentially resulting in severe pain if nerve root entrapment is involved [65]. Muscle spasm below the level of SCI and arthritis in disused joints may contribute to pain, described as dull or aching pain intensified with movement and relieved by rest. Constipation and urinary retention secondary to sphincter dysfunction reflects visceral involvement, in which case patients often complain of cramping, burning, and near-constant discomfort [65].
Failed Back Surgery Syndrome
More than 900,000 spinal surgeries are performed annually in the United States, primarily for lumbar and cervical disk herniation [86]. Of these, failed back surgery occurs in 13% to 35% of cases, with up to 74% continuing to experience pain following surgery [87]. The level of pain is widely variable and may occur with neurologic deficits. Contributors to pain and the clinical features of failed back surgery syndrome include recurrent disk herniation, epidural abscess, scar tissue formation around nerve roots, facet joint syndrome, and muscle spasm [65]. Patients with this syndrome should be questioned to identify new or persistent problems needing further evaluation. A frequent source of late-onset back pain following previous fusion surgery involves wear and tear to the facet joints and disks directly above and below the fused segment(s). Patients with persistent radicular pain, usually from chronic nerve injury, greatly benefit from treatment that addresses the neuropathic pain [65].

Assessment



Most patients with acute low back pain have ligamentous or muscle strain syndrome, follow a benign course, and show significant improvement within two to three weeks. The challenge for clinicians is to recognize early the possibility of serious disease, such as spinal metastatic cancer or vertebral and epidural space infection, and then to identify those with herniated disk, radiculopathy, or spinal stenosis.
The proper assessment of the patient with back pain requires vigilance and careful attention for factors and warning signs suggestive of serious or life-threatening disorders. A thorough history and physical examination should be performed on all patients, during which the patient is assessed for the presence of warning signs or ''red flags." Red flags represent alarm symptoms or signs that warrant prompt, specific diagnostic testing, urgent treatment, or referral to a specialist. Among these are weight loss, prior history of cancer, nocturnal or rest pain, age older than 50 years, recent trauma, fever and chills, history of injection drug use, chronic corticosteroid therapy, difficulty urinating, bowel or bladder incontinence, and neurologic deficits such as saddle anesthesia, perianal or perineal sensory loss, or motor weakness in the extremities [67,80]. As an example, there is a common association between spontaneous vertebral fracture and any combination of age older than 70 years, female gender, recent trauma, and prolonged corticosteroid use. There is also a moderate to highly significant predictive value for age older than 50 years, history of prior cancer, unexplained weight loss, and failure of conservative therapy in identifying spinal malignancy [67].
Patients should also be assessed for "yellow flags," or risk factors for poor prognosis and chronicity [66,67]. Areas to explore include maladaptive beliefs, attitudes, and behaviors regarding the back pain and recovery, such as passivity or reluctance to self-manage, dependency on the provider to "cure," fear avoidance beliefs, and beliefs that harm will come from activity and discomfort. Other areas include depression, anxiety, maladaptive coping response to stress, social withdrawal or isolation, and lack of social support. Adverse economic and work environment circumstances, such as job dissatisfaction, excessive and inflexible physical workplace demands, high levels of work-related stress, poor workplace social support, and adversarial or dysfunctional workplace relationships should also be noted [66]. Early detection and intervention (if indicated) for problematic motivational, emotional, or social dysfunction are important because these factors influence the selection and effectiveness of therapeutic interventions.
In the absence of red flags, use of imaging and diagnostic tests for acute LBP is discouraged, as imaging findings rarely change clinical management [81]. Overuse of lumbar imaging in LBP correlates with, and likely contributes to, the two- to threefold increase in surgical rates for LBP over the last 10 years [86]. Assigning significance to imaging anomalies requires skill at the specialist level to integrate historical, clinical, and imaging findings. Imaging abnormalities are essentially normative by 40 years of age; for instance, 80% of persons 60 years of age and older exhibit a protruding disk, which is symptomatic for only a fraction of patients. Incorrect communication of imaging findings to the patient may lead to patient fixation, contribute to fear-avoidance behaviors, and increase the risk of iatrogenic aggravation of chronic LBP. Guidelines suggest that physicians without advanced training defer imaging tests to qualified specialists [88].
However, imaging and other testing should be performed in patients with new-onset or progressive neurologic deficits and those with suspicion of serious underlying conditions. In patients with persistent pain and symptoms consistent with radiculopathy or spinal stenosis, MRI should be performed only when such patients are candidates for surgery or epidural steroid injection. CT scanning is an alternative option to first-line MRI [89,90].
The Subgrouping for Targeted Treatment (STarT) Back Screening Tool is a nine-item standardized, validated screening tool that can be used in the initial assessment to identify patients with LBP at risk of progression to chronicity. This tool has been shown to accurately stratify patients to treatment based on risk, increase the efficiency in physical therapy referrals, improve clinical outcomes, and reduce costs [91,92].

Treatment



Although acute LBP improves in most patients within three to six weeks using conservative therapy, up to 33% of patients with LBP report pain of moderate or greater severity at one-year follow-up and 20% report ongoing pain severe enough to limit activity [21]. With chronicity, LBP may become disabling and impose a severe emotional and functional burden. The management goals for chronic LBP are to minimize pain and disability, improve functional status, and facilitate restoration of normal activity, while limiting the use of marginally effective or inappropriate medication [21,81].
Many pharmacologic therapies and minimally invasive or invasive procedures have been utilized in a strategy designed simply to relieve pain—with variable results. However, there is little evidence these focused pain approaches are comparable or superior to interventions that focus primarily on restoration of function instead of pain relief. This contradicts the biomedical model in medicine that emphasizes escalation of costly and invasive therapies to achieve "pain cure" in patients lacking response to lower-intensity approaches [64,88]. It is now recognized that treatment for conditions such as CLBP persisting in the absence of a unique underlying pathologic lesion must address potential contributory factors such as affective disorders, maladaptive beliefs and coping skills, and interpersonal and occupational dysfunction. Dysregulated cortical, pre-frontal, and higher neural level mechanisms associated with CLBP are being identified and may represent therapeutic targets in functional restoration-based approaches. As with other chronic pain syndromes, greater understanding of pain pathway alterations will better inform therapy selection.
Virtually universal among practice guidelines for CLBP is the emphasis on a multidisciplinary, multi-modal approach that includes exercise and activity, cognitive restructuring of maladaptive attitudes and coping skills, a behavioral component addressing fear avoidance, physiotherapy and manual therapy, and analgesics as indicated [18,21,81,88,93,94,95]. This is often best accomplished by consultation or referral to an established pain treatment center. Multidisciplinary functional restoration programs, which are intensive (>100 hours) biopsychosocial interventions whereby physical rehabilitation is combined with cognitive-behavioral therapy and delivered by an interdisciplinary team, embody this recommendation. Moderate-to-strong evidence supports their efficacy in CLBP. They have been found effective in reducing pain and improving physical function, work readiness, and return to work. Weaker outcomes are found in programs that are less intensive or lacking a behavioral component. Patients who do not improve with less intensive therapy options and have high levels of pain, distress, and disability should be considered for multidisciplinary functional restoration programs [66].
The following treatment recommendations are based on practice guidelines by the American Pain Society, the American Society of Anesthesiologists, the American Society of Regional Anesthesia and Pain Medicine, the American College of Physicians, the National Institute for Health and Clinical Excellence, the American College of Occupational and Environmental Medicine, the Institute for Clinical Systems Improvement, and several published reviews and systematic reviews [18,64,65,88,93,94,95].
Persistent Nonspecific LBP
For persistent nonspecific LBP lasting longer than 12 weeks, patients should be offered education material on self-care developed from evidence-based guidelines and should be informed of the generally favorable outcome and natural time course of recovery [21,93]. Maintenance of activity is important, and bed rest should be avoided. A structured, tailored exercise program may be established that includes aerobic activity, movement instruction, muscle strengthening, postural control, and stretching [88,95]. Ice and/or heat should be applied to the painful area, with avoidance of prolonged exposure to extreme cold or heat (to the extent that tissue could be damaged). The pharmacologic approach for patients with persistent nonspecific LBP consists of acetaminophen or NSAIDs as needed [81]. Spinal manipulation, manual therapy, and/or acupuncture should be considered.
For patients unresponsive to less intensive therapy and who display high disability and/or psychological distress levels, referral to a multidisciplinary functional restoration program is indicated [88,95]. If acetaminophen or over-the-counter NSAIDs are ineffective, use a COX-2 inhibitor [81]. Moderate-quality evidence shows that TCAs are not effective for CLBP compared with placebo [81]. Clinicians should only consider opioids as an option in patients who have failed other therapies and only if the potential benefits outweigh the risk for individual patients [81].
Patients with persistent nonspecific LPB despite optimal care may be considered for spinal fusion [88,95]. However, appropriate care for any significant psychological distress should be pursued before surgery is considered. In the first three months of LBP onset, the only patients to benefit from surgery are those with severe spinal disease or debilitating symptoms and evidence of specific nerve root compromise on imaging studies [88,95].
Chronic Low Back Pain


Evidence Based Practice Recommendation

According to the U.S. Department of Veterans Services, clinicians
            should advise patients with acute and subacute low back pain to stay active and continue
            activities of daily living within the limits permitted by their symptoms.
https://www.healthquality.va.gov/guidelines/Pain/lbp/VADODLBPCPGFinal508.pdf
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Strength of Recommendation/Level of Evidence:
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For all pharmacotherapy recommendations for CLBP, clinicians must weigh the potential benefits against potential risks and consider patient comorbidity. Some risks can be mitigated; for example, the use of proton pump inhibitors to prevent GI side effects in patients using NSAIDs [88,95]. All minimally invasive and invasive interventional therapies are recommended only for symptomatic pain relief, with full discussion of potential benefits, risks, and evidence for each suggested approach. In addition, all patients with chronic back pain, independent of additional therapies, should be involved in multi-modality therapy [81,88,95].
All patients with CLBP should be provided evidence-based information and encouraged to remain active and to use self-care options [21,81]. Medications with proven benefits should be used in conjunction with patient education and self-care. For most patients, first-line medication options are acetaminophen or NSAIDs [21,81]. In patients not improving with self-care, consider multidisciplinary rehabilitation, exercise therapy, acupuncture, massage therapy, spinal manipulation, yoga, cognitive-behavioral therapy, or progressive relaxation. When patients with CLBP do not respond to these interventions, further assessment to determine etiology should be considered, with further treatment then based on these findings (Table 3).

Table 3: TREATMENT OF CHRONIC LOW BACK PAIN BASED ON UNDERLYING CAUSE OR TYPE
	Pain Type	Possible Treatment Approaches
	Nonspecific nonradicular	
                NSAIDs
Norepinephrine reuptake inhibitor antidepressants (e.g., amitriptyline,
                    imipramine, nortriptyline, maprotiline, doxepin)
Extended-release oral opioids
Intensive interdisciplinary rehabilitation with cognitive/behavioral
                    emphasis
Capsaicin for temporary flare-ups
Transcutaneous electrical nerve stimulation (TENS)
Caudal epidural steroid injection in discogenic pain without disk
                    herniation or radiculitis
Lumbar transforaminal epidural injections
Implantable intrathecal opioid infusion for severe intractable
                    pain


              
	Radiculopathy pain	
                Alpha-2-delta calcium channel antagonist, sodium-channel antagonist, and
                    membrane-stabilizing anticonvulsants drugs
Tricyclic antidepressants (TCAs)
Extended-release oral opioids
Caudal epidural steroid injection
Lumbar interlaminar epidural injection for disk herniation and
                    radiculitis
Spinal cord stimulation for persistent radicular pain in patients
                    unresponsive to other therapies, with a trial performed before considering
                    permanent implantation
For severe, disabling radiculopathy pain:


                	Intrathecal opioid injection or infusion
	Neuraxial opioid trials should be performed before considering permanent
                      implantation
	Percutaneous lumbar discectomy with disk herniation origin
	Lumbar discectomy in radiculopathy due to nerve root compression



              
	Spinal stenosis	
                Gabapentin for severe neurogenic claudication with limited walking
                    distance
Caudal epidural steroid injection
Decompression surgery for severe intractable pain
Implantable intrathecal opioid infusion for severe intractable
                    pain


              
	Vertebral compression fracture	
                Vertebroplasty
Kyphoplasty
Percutaneous disk decompression


              
	Facet joint pain	
                Medial branch blocks
Radiofrequency neurolysis of medial branches 
(Intra-articular facet joint injection is NOT supported by
                    evidence.)


              
	Sacroiliac joint pain	
                Sacroiliac (SI) joint corticosteroid injections with identifiable cause
                    of SI pain
Water-cooled radiofrequency ablation


              
	Degenerative disk disease	Intradiscal electrothermoplasty for young, active patients with early
                single-level degenerative disk disease with well-maintained disk height
	Myofascial pain	
                Physiotherapy techniques that include stretching, strengthening
                    exercises, massage, and iontophoresis (ion therapy)
Trigger point injection of local anesthetic


              
	Failed lumbosacral spine surgery	
                Caudal epidural steroid injection
Percutaneous adhesiolysis
Endoscopic adhesiolysis
Spinal cord stimulation in the absence of nerve root compression, with a
                    trial performed before considering permanent implantation
Implantable intrathecal opioid infusion for severe intractable
                    pain


              
	Spinal cord injury	
                Spinal cord stimulation, with a trial performed before considering
                    permanent implantation
For associated neuropathic pain: Gabapentin, amitriptyline,
                    nortriptyline, intravenous lidocaine
For associated musculoskeletal pain and/or spasticity: Intrathecal
                    baclofen, intrathecal morphine, clonidine
For associated visceral pain: Appropriate management of bowel or bladder
                    dysfunction


              
	Cauda equina syndrome	Spinal cord stimulation, with a trial performed before considering permanent implantation
	Spondylolisthesis	Lumbar fusion for isthmic or degenerative spondylolisthesis


Source: [18,64,65,88,94]


Tapentadol is a newer opioid available for the treatment of chronic moderate-to-severe pain. The mechanism of action involves a novel mu-opioid receptor (partial) agonist combined with norepinephrine reuptake inhibition. Its efficacy for CLBP is demonstrated by the results of a randomized, double-blind trial that compared tapentadol ER (100–250 mg twice daily) against oxycodone CR (20–50 mg twice daily) and placebo in 958 patients with CLBP (baseline pain "severe" in 88.5%) [96]. After 12 weeks maintenance therapy, tapentadol was superior to the other treatment arms by the following measures among responders: patients with ≥30% and ≥50% pain intensity reduction; patients who were "very much improved" or "much improved;" and patients with significant improvement in function and quality of life. No differences were found between oxycodone and placebo in response rate, ≥30% pain reduction, or ≥50% pain reduction.
A meta-analysis of yoga effectiveness for LBP evaluated 10 RCTs enrolling 967 patients with CLBP. Strong evidence was found that practicing yoga is associated with significant improvement in near-term pain relief, back-specific disability, general improvement, and long-term pain control. Moderate evidence supported findings of significant long-term improvement in back-specific disability. The authors concluded that yoga should be recommended for patients with CLBP [97].


WHIPLASH PAIN



Between 210,000 and 987,000 Americans are estimated to sustain a whiplash injury each year, for an annual incidence of 16 to 329 cases per 100,000 population [98,99]. Although long-held conventional wisdom is that most patients recover within several months of injury, data indicates that 37% experience moderate-to-severe pain at three months and that neck pain remains problematic for 50% of patients one year post-whiplash [100]. Also, 58% of patients initially seen in emergency rooms report symptom persistence 30 months or longer post-injury [101].
A large prospective cohort study found that motor vehicle accident with whiplash injury was the single greatest etiology of chronic neck pain. When insidious age-related onset of degenerative cervical disease (the second highest cause) was removed, motor vehicle accident whiplash accounted for more cases of chronic neck pain than all other etiologies combined. Based on their findings, the authors conservatively estimated that 15.5 million Americans experienced chronic neck pain originating from motor vehicle accident-induced whiplash injury [102].
Whiplash is the result of energy from the accident transferred to the neck through an acceleration-deceleration mechanism. The threshold for cervical muscle injury is 5 miles per hour [103]. Although whiplash injury and pain are primarily caused by motor vehicle accidents, sports injury is the second most common cause. Following the injury, symptoms can appear immediately or delayed over the first 24 hours. Forced extension-flexion trauma to the neck in the absence of direct impact to the head or neck may result in skeletal or soft-tissue injuries that present clinically in a variety of ways: neck pain or stiffness, headache, dizziness, paresthesia, and, on occasion, cognitive impairment such as confusion or memory loss. Also common are visual and auditory disturbances, temporomandibular joint pain, photophobia, and fatigue. Muscle spasm and trigger points involving one or more muscles of the occiput or neck may be present, and persistent sleep or mood disturbances can develop [99]. Varying degrees of psychological distress have been observed following whiplash and may contribute to symptom persistence. There is also increasing awareness that post-traumatic stress symptoms can emerge in some patients [28,104,105].
A variety of more complex symptoms and signs is seen in as many as 20% to 30% of affected individuals. These include allodynia and hyperalgesia in the neck region and possibly in remote peripheral sites; cold hyperalgesia (a negative prognostic indicator); spinal cord hyperexcitability demonstrated by heightened flexor withdrawal responses; substantially reduced neck movement; and motor control deficits such as abnormal muscle recruitment in the neck and shoulder girdles. For many patients, these difficulties eventually resolve following recovery from injury; for others, they do not, and over time they contribute to chronic pain and disability. Collectively, the persistent discomfort and other associated syndromes described are referred to as whiplash-associated disorders or WAD [28,99,104]. Chronic pain following whiplash injury is aggravated by cervical spine motion, tension, sitting, or reading and by push/pull activities such as vacuuming. Prolonged or repetitive use of the shoulder girdle muscles, such as when carrying items or washing dishes, may induce radiating pain in the upper extremities [28,99] High initial levels of pain and/or disability represent the strongest indicator of poor recovery. Low risk factors for developing protracted post-whiplash symptoms include crash impact at the rear of the vehicle, ability to sit instead of lie down in the emergency department, ability to be ambulatory without interruption, delayed neck pain onset, and absence of midline cervical spine tenderness. The greatest gains in recovery occur during the first three months, following which symptom reduction tends to plateau [28].
The diagnosis of WAD does not depend on imaging or other workup but rather the patient's own self-reporting. Imaging is not recommended and is not helpful in the diagnosis or management of WAD, the exception being cases in which fracture or dislocation is suspected. The most widely accepted and utilized whiplash injury classification system has been the Quebec Task Force Classification; however, its usefulness is now in question because of the identification of post-whiplash sensory, motor, and psychological features that were not considered by this system [28,106].
Some have suggested that active litigation artificially inflates patient reporting of pain and disability severity by incentivizing symptom exaggeration [105]. This assumption has been disproved by several studies showing that elimination of the financial incentive to over-report whiplash symptoms had no effect on the intensity or duration of self-reported neck pain [102,107].
The most effective management approach to patients with WAD begins with an assessment of both the physical and psychological impairments that underlie the disorder. The goal is to elucidate potential underlying mechanisms as the basis for a successful therapeutic strategy [108].
Pathophysiology



The changes that follow whiplash injury are heterogeneous and complex, and several pathogenic mechanisms are thought to account for the clinical findings. Evidence suggests the contribution of initial structural injury combined with the secondary effects on sensory and motor function [99]. Injuries are most likely to occur in cervical spine structures, especially the zygapophyseal joints. Augmented central pain processing mechanisms are the likely basis of persistent chronic post-injury pain. Muscle strain and associated dysfunction likely account for disturbances in movement and neuromotor control. Kinesthetic deficits, loss of balance, and loss of eye movement control are the result of disturbances in sensorimotor control, which likely contributes to symptoms of dizziness [108]. Cerebrospinal fluid (CSF) leak has also been suggested as a contributing factor [109].
Alteration in peripheral and central pain processing is considered important in the pathogenesis of chronic WAD. CNS hyperexcitability contributes to sensory hypersensitivity (both generalized and expressed in unaffected tissue remote from the injury site). This is initiated by alteration in spinal cord neuron excitability secondary to peripheral nociceptive signaling bombardment. It is sustained by NMDA receptor activation and resultant release of COX-2 in the spinal cord and by glial cell activation. Dysregulation in the balance between descending facilitatory and inhibitory pathways, originating within cortical centers, also contributes to central hyperexcitability [110].
Peripheral sensitization is augmented by the inflammatory response to structural injury, which releases inflammatory mediators such as substance P, prostaglandins, and bradykinin. This amplifies the intensity and prolongs the duration of nociceptive signaling, which in turn alters peripheral nerve fiber characteristics in such a way as to perpetuate primary hyperalgesia [110].

Treatment



The relative lack of published research on treatment efficacy in WADs has resulted in an overall paucity of evidence-based treatment guidelines. Identifying and comparing studies on treatment outcome is further complicated by the absence of uniform patient classification by symptom severity [98]. Nonetheless, a systematic review to evaluate the strength of evidence for various WAD therapies was published in 2010 [98,100,101,111]. The authors evaluated 83 studies, including 40 RCTs, published between 1980 and 2009. Their recommendations, along with those from practice guidelines, systematic reviews, and clinical trials form the basis for the treatment of acute, post-acute, and chronic-phase WAD [88,108,110,112,113,114,115,116,117]. The conclusions for most minimally invasive and surgical interventions are based on single published trials and should be viewed with caution given this limited evidence base [111].
Behavioral and Lifestyle Interventions
Patient education that addresses therapeutic barriers, therapy compliance, and prevention of chronicity should be offered in all phases of WAD. Lifestyle and behavioral changes are the first (and often only necessary) treatments for patients with mild-to-moderate whiplash-related pain [99]. Exercise programs are effective in reducing short-term pain intensity in all WAD phases [111]. However, the results of one systematic review found a lack of significant improvements in long-term pain and disability in individuals with WAD who participated in general exercise interventions [118]. Vestibular rehabilitation can be offered for dizziness in chronic-phase WAD. Of greatest benefit in improving pain and function during the acute phase are range of motion, neck and scapular strengthening, and neck stabilization exercises. One study investigated ventral neck muscle interactions in 26 individuals with chronic WAD randomized to neck-specific exercise or a wait list for three months [119]. The researchers used real-time, non-invasive ultrasound measurements and calculations of the deformed area and deformation rate in the neck muscles. After three months, significant improvements were observed in neck muscle interactions and pain intensity in the neck-specific exercise group compared to the wait list group, demonstrating that non-invasive ultrasound may be a useful diagnostic tool for muscle impairment and may be used to evaluate exercise interventions in WAD [119]. Aggressive strengthening programs may worsen symptoms and should be avoided [111].
Encouraging the patient to maintain good range of motion is important. Soft-collar cervical immobilization should be discouraged as active mobilization during acute phase WAD can actually reduce pain intensity [99]. Multimodality therapy programs that include joint mobilization, relaxation therapy, electrotherapies, exercise, and a cognitive-behavioral component that address pain and functional deficits are effective in patients with subacute or chronic WAD who have not improved with simple activity-related approaches [99]. Patients with severe symptoms should be enrolled as soon as is feasible following injury. However, patients with cold hyperalgesia and/or widespread allodynia may not respond to this intervention. Early referral to a pain clinic is advisable for patients at risk of developing chronic symptoms [111]. Patients should also be assessed and monitored for symptoms of anxiety and depression, then treated accordingly.
Pharmacotherapy
Prompt, effective pain control should be achieved early, because high pain levels can interfere with recovery. There is little available guidance on the effectiveness of specific opioid and non-opioid analgesics. Some recommend initiating acetaminophen or NSAIDs for pain and adding codeine if appropriate and necessary [111]. If a patient remains symptomatic despite optimal analgesia, adding a TCA, such as amitriptyline, may be beneficial [99].
Methylprednisolone infusion may improve recovery in moderate-to-severe acute WAD. In addition, intra-articular dextrose and lidocaine injections may reduce pain and disability [111].
Medial branch block of the cervical zygapophyseal joints effectively reduced sensory hypersensitivity in a small group of patients with chronic WAD, but these results need larger-scale prospective replication [111]. Supportive evidence is equivocal for botulinum toxin injections and lacking for intra-articular or selective nerve root block or corticosteroid injections in chronic WAD [111].
Surgical Interventions
Moderate evidence indicates that radiofrequency neurotomy is effective in reducing pain in chronic WAD, although relief is not permanent [111]. Some patients benefit from occipital nerve decompression, carpal tunnel decompression, and cervical discectomy and fusion. In addition, combined surgical fasciectomy and spinal accessory nerve neurolysis is effective in patients with severe, refractory WAD with spinal accessory nerve entrapment and/or chronic compartment syndrome of the trapezius muscle.
Patients with chronic WAD often complain of headache, dizziness, and nausea, symptoms also experienced by patients with CSF leak. Ishikawa et al. explored the relationship between chronic WAD and CSF leak and investigated the efficacy of epidural blood patch in chronic WAD [109]. Of 66 patients (mean duration of WAD: 33 months) imaged with radioisotope cisternography, CSF leak was detected in 37 patients who then received epidural blood patch. Compared with baseline, symptom reduction one week after epidural blood patch was noted in most patients, including improvements in headache (100% vs. 17%), memory loss (94% vs. 28%), dizziness (83% vs. 47%), visual impairment (81% vs. 25%), and nausea (78% vs. 42%). Treatment response remained at six-month follow-up, and work status was also significantly improved at follow-up. The authors concluded that in some cases of chronic WAD, the possibility of CSF leak should be assessed, and that epidural blood patch may be beneficial for patients with positive findings. There are no other published studies confirming these observations.
Alternative Therapies
Massage therapy, chiropractic, physical therapy, and occupational therapy constitute adjunctive modalities that may be of benefit in all phases of WAD [111]. Acupuncture has also been shown to reduce pain in chronic WAD, although evidence of functional improvement is lacking [88,111,112]. Pulsed electromagnetic field therapy can decrease pain intensity and increase cervical range of motion in acute WAD. Myofeedback training may be beneficial for some patients with chronic WAD [88,111,112,120].
An RCT of 51 patients with chronic nonspecific neck pain compared a self-help exercise program with Iyengar yoga [121]. Following a nine-week trial of both yoga and neck pain interventions, yoga resulted in significantly greater improvement than home-based exercise for pain, pain intensity, disability, mental health-related quality of life, and neck muscle functional status. Patients randomized to yoga were further evaluated one year after completing the nine-week formal protocol [122]. Statistically significant improvements from baseline were found in pain intensity, neck-related disability, and bodily pain. Sustained yoga practice was the strongest predictor of long-term effectiveness.
Optimal treatment of WAD continues to be a challenge, which may be related to the need for better understanding of the subjective experiences and perceptions of patients living with the condition. In one study, researchers conducted individual telephone interviews with patients with WAD and then analyzed the transcribed audio tapes. Two main themes emerged from the interviews. First, the participants described what it was like to navigate the healthcare system to understand their injury, interpret therapeutic recommendations, and find the right healthcare practitioner to help with the process. Additional navigational complexities were related to compensation and funding systems. Second, participants described a journey of trial and error in establishing self-management strategies to prevent and relieve pain. This included the gradual realization that they could be faced with an ongoing residual deficit. Early identification of the patient's expectations for recovery and validation of their injury by the healthcare practitioner can aid the recovery process [123].



7. ARTHRITIC PAIN CONDITIONS



OSTEOARTHRITIS



Osteoarthritis is the most common form of arthritis and is characterized by degeneration of cartilage and its underlying bone within a joint, with resultant bony overgrowth. This process of tissue breakdown eventually leads to pain and joint stiffness [124]. The estimated overall annual prevalence of osteoarthritis in the United States was 53.2 million adults in 2017–2020, an increase from the 1990 estimate of 21 million [124]. Osteoarthritis is the most common cause of disability in adults [125].
Patients often describe the pain from osteoarthritis as deep, aching, and poorly localized. The most commonly afflicted joint sites include the distal and proximal interphalangeal joints and the first metacarpal joint of the hand; the lumbar and cervical spine; and the weight-bearing joints in the knees, hips, and ankles. The joint pain in osteoarthritis is exacerbated by activity, and continued loss of cartilage contributes to worsening pain with disease progression. Patients with severe osteoarthritis may experience pain with little joint motion or during rest [125].
Traditionally, osteoarthritis was thought to affect primarily the articular cartilage of synovial joints; however, pathophysiologic changes also are known to occur in the synovial fluid, as well as in the underlying (subchondral) bone, the overlying joint capsule, and other joint tissues [125]. Nociceptor innervation is found in the intra-articular and periarticular structures of the joint, including the menisci, adipose tissue, synovium, and periosteum; cartilage is aneural [125]. The increase in cytokine release that accompanies joint inflammation and pathologic structural changes characteristic of osteoarthritis results in peripheral sensitization that manifests as primary hyperalgesia, spontaneous pain, and pain with normally innocuous movement. Bone marrow lesions, synovitis, effusions, and possibly meniscal abnormalities represent the specific pathologic features that contribute to pain in osteoarthritis [125].
Joint damage has been the presumed origin of osteoarthritis-associated pain and has represented the target of pain-alleviating therapies. However, evidence strongly suggests alteration in central pain processing contributes to the state of chronic pain [125]. Peripheral mechanisms likely account for early-stage pain, with central mechanisms becoming dominant in later stages [126]. For example, secondary hyperalgesia in osteoarthritis results from CNS alteration. Sensitivity to mechanical stimuli outside the area of injury is enhanced, which heightens the response to peripheral input or central sensitization and manifests clinically as referred or radiating pain with reduced pain thresholds in unaffected joints [126]. Other evidence supporting dysregulation in central pain processing in osteoarthritis includes the lack of correlation between joint pathology and reported pain intensity; diffuse hyperalgesia to mechanical or heat provocation; lower mechanical pain thresholds and greater mechanical and thermal temporal summation relative to controls; augmented CNS pain processing; and efficacious response in patients with knee osteoarthritis to the centrally acting drug duloxetine [127].
Pain sensitivity in osteoarthritis may also be influenced by genetic factors. The catechol-O-methyl transferase Val158Met polymorphism has been associated with hip osteoarthritis-related pain. Psychological factors are also likely to contribute to the pain experienced in osteoarthritis. Increased affective and motivational response has been demonstrated in patients with osteoarthritis [128].
Physical examination may reveal localized tenderness and pain on passive motion, especially at the extreme of movement. Soft tissue changes, effusion, or osteophytosis contribute to the joint enlargement common in patients with osteoarthritis. Joint crepitus may be audible or palpable, and the presence of a limp, deformity of the knee, or instability may be observed by inspection of gait [125]. In the absence of specific laboratory abnormalities with diagnostic utility, osteoarthritis is usually diagnosed on the basis of clinical and radiologic findings [125].
Different prevalence rates have been found between cases based on radiographic identification and clinical symptoms with radiographic confirmation. Although symptomatic osteoarthritis is most common in the knee, structural changes indicative of osteoarthritis are most commonly observed in the hands. Women have higher rates of osteoarthritis than men (especially after 55 years of age), and the overall incidence rate increases with age but levels off around 80 years of age [125]. Among persons with osteoarthritis, 39% report they are not able to access the rehabilitative services they need [129]. Risk factors for osteoarthritis include trauma, advancing age, and genetic predisposition [125].
Treatment





Evidence Based Practice Recommendation

According to the American Academy of Orthopaedic Surgeons, oral
            acetaminophen is recommended to improve pain and function in the treatment of knee
            osteoarthritis when not contraindicated.
https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-knee/oak3cpg.pdf

             Last Accessed: August 28, 2025
Strength of Recommendation: Strong
            (Evidence from two or more "high" quality studies with consistent findings for
            recommending for or against the intervention.)


Altered central pain processing and central sensitization are involved in osteoarthritis pain. Treatment approaches are beginning to address this CNS origin of pain. Cognitive-behavioral therapy and neuroscience education potentially reduce emotional sensitization and descending pain facilitation, while centrally acting drugs such as duloxetine may increase endogenous analgesia by enhancing descending pathway inhibition [130,131].
With no currently available cure for osteoarthritis, treatment focuses on symptom relief, functional improvement, and prevention of disease progression through a combination of patient education, physical therapy, weight control, and pharmacotherapy [124,132]. The 2019 guidelines from the American College of Rheumatology (ACR) represent the practice guidelines with the highest level of scientific rigor and broadest clinical applicability [132]. These guidelines depart from previous ACR recommendations, and from those of other organizations, by abandoning the sequenced order of interventions for patients failing to respond to recommended initial therapies, as this management strategy has not received empirical validation. The selection of interventions and the order in which interventions are used will vary among patients. No specific hierarchy of one option over another is implied other than on the basis of strength of the recommendation [132].
The ACR guidelines for initial management of osteoarthritis are organized according to affected joint (Table 4, Table 5, and Table 6).

Table 4: HAND OSTEOARTHRITIS, INITIAL MANAGEMENT
	Strength of Recommendation	Recommended Approaches
	Nonpharmacologic recommendations
	Strong recommendationsa	
                  Exercise (strongly recommended for all patients with OA, but more
                      evidence for its benefit for knee/hip OA)
Patient participation in self-efficacy, self-management
                      programs
Hand orthoses for patients with first CMC joint OA


                
	Conditional recommendationsb	
                  Cognitive-behavioral therapy
Hand orthoses for patients with OA in joint of the hand other than first
                      CMC joint
Acupuncture
Thermal interventions (e.g., moist heat, diathermy, ultrasound, hot/cold
                      pack, paraffin)


                
	No recommendations	
                  Balance training
Weight loss
Tai chi, yoga


                
	Pharmacologic recommendations
	Strong recommendationsa	Oral NSAIDs
	Conditional recommendationsb	
                  One or more of the following:
	Topical NSAIDs
	Intra-articular glucocorticoid injection
	Acetaminophen
	Duloxetine
	Tramadol
	Chondroitin sulfate



                
	Strong recommendations against usinga	
                  Bisphosphonates
Glucosamine
Hydroxychloroquine
Methotrexate
Biologics (e.g., tumor necrosis factor inhibitors)


                
	Conditional recommendations against usingb	Intra-articular therapies
	No recommendations	
                  Ultrasound-guided intra-articular glucocorticoid injection
Intra-articular botulinum toxin
Prolotherapy
Platelet-rich plasma
Stem cell injection


                
	
                  CMC = carpometacarpal, NSAID = nonsteroidal anti-inflammatory drug, OA =
                      osteoarthritis.
aCompelling evidence of efficacy with
                      benefits that clearly outweigh harms and burdens
bQuality of evidence proved low or very low
                      and/or balance of benefits versus harms and burdens was close, requiring
                      shared decision-making between patient and clinician.


                


Source: [132]



Table 5: KNEE OSTEOARTHRITIS, INITIAL MANAGEMENT
	Strength of Recommendation	Recommended Approaches
	Nonpharmacologic recommendations
	Strong recommendationsa	
                  Exercise (current evidence insufficient to recommend specific exercise
                      prescriptions)
Weight loss if overweight or obese
Self-efficacy/self-management programs
Tai chi
Use of a cane
Tibiofemoral knee braces


                
	Conditional recommendationsb	
                  Balance training
Yoga
Cognitive-behavioral therapy
Patellofemoral braces
Kinesiotaping
Acupuncture
Thermal interventions
Radiofrequency ablation


                
	Strong recommendations against usinga	Transcutaneous electrical stimulation
	Conditional recommendations against usingb	
                  Modified shoes
Lateral/medial wedged insoles
Massage therapy
Manual therapy with/without exercise
Pulsed vibration therapy


                
	No recommendations	
                  Paraffin
Iontophoresis


                
	Pharmacologic recommendations
	Strong recommendationsa	
                  Topical NSAIDs
Oral NSAIDs
Intra-articular glucocorticoid injection


                
	Conditional recommendationsb	
                  Topical capsaicin
Intra-articular glucocorticoid injection (compared with other
                      injections)
Acetaminophen
Duloxetine
Tramadol


                
	Strong recommendations against usinga	
                  Bisphosphonates
Glucosamine
Chondroitin sulfate
Hydroxychloroquine
Methotrexate
Platelet-rich plasma
Stem cell injection
Biologics


                
	Conditional recommendations against usingb	
                  Non-tramadol opioids
Colchicine
Fish oil
Vitamin D
Intra-articular hyaluronic acid injection
Intra-articular botulinum toxin
Prolotherapy


                
	No recommendations	Ultrasound-guided intra-articular glucocorticoid injection
	
                  NSAID = nonsteroidal anti-inflammatory drug.
aCompelling evidence of efficacy with
                      benefits that clearly outweigh harms and burdens
bQuality of evidence proved low or very low
                      and/or balance of benefits versus harms and burdens was close, requiring
                      shared decision-making between patient and clinician.


                


Source: [132]



Table 6: HIP OSTEOARTHRITIS, INITIAL MANAGEMENT
	Strength of Recommendation	Recommended Approaches
	Nonpharmacologic recommendations
	Strong recommendationsa	
                  Exercise
Weight Loss
Self-efficacy/self-management programs
Tai chi
Use of a cane


          
	Conditional recommendationsb	
                  Balance training
Cognitive-behavioral therapy
Acupuncture
Thermal interventions


          
	Strong recommendations against usinga	Transcutaneous electrical nerve stimulation
	Conditional recommendations against usingb	
                  Lateral/medial wedged insoles
Massage therapy
Manual therapy with/without exercise


          
	No recommendations	
                  Modified shoes
Radiofrequency ablation
Iontophoresis
Pulsed vibration therapy


          
	Pharmacologic recommendations
	Strong recommendationsa	
                  Oral NSAIDs
Intra-articular glucocorticoid injection
Ultrasound-guided intra-articular glucocorticoid injection


          
	Conditional recommendationsb	
                  Intra-articular glucocorticoid injection (compared with other
                      injections)
Acetaminophen
Duloxetine
Tramadol


          
	Strong recommendations against usinga	
                  Bisphosphonates
Glucosamine
Chondroitin sulfate
Hydroxychloroquine
Methotrexate
Intra-articular hyaluronic acid injection
Platelet-rich plasma
Stem cell injection
Biologics


          
	Conditional recommendations against usingb	
                  Colchicine
Fish oil
Vitamin D
Intra-articular botulinum toxin
Prolotherapy


          
	No recommendations	
                  Topical NSAIDs
Topical capsaicin


          
	
                  NSAID = nonsteroidal anti-inflammatory drug.
aCompelling evidence of efficacy with
                      benefits that clearly outweigh harms and burdens
bQuality of evidence proved low or very low
                      and/or balance of benefits versus harms and burdens was close, requiring
                      shared decision-making between patient and clinician.


          


Source: [132]


An important point is that patient failure with conservative therapies may be due to lack of adherence to self-management or medication. Many of these cases can be identified through the patient history [133].
In the treatment of osteoarthritis, no clear advantage based on side effect profile has been shown with any non-opioid oral analgesic. Given the different adverse event profiles of each agent, treatment decisions should be guided by patient factors, such as age, comorbidity, and concomitant medication [134].
Regarding chondroitin sulfate and glucosamine, clinical trials have shown comparable but not superior benefits relative to NSAIDs for pain relief and function improvement. With most of the studies performed outside the United States and involving pharmaceutical-grade preparations, the results may not generalize to the United States with over-the-counter preparations [134].
Operative Treatment
Operative treatment for osteoarthritis should be delayed until all possible nonoperative options have been exhausted [135]. In general, the indications for operative treatment are debilitating pain and major limitations in function and activities of daily living [135]. Proper patient selection and adherence to precise surgical procedure are critical to success [136].
In an effort to delay total knee or hip replacement, many have recommended arthroscopic lavage and debridement, but several studies, systematic reviews, and meta-analyses have shown that there is no evidence to support the efficacy of this approach for treatment of osteoarthritis of the knee [136,137,138,139,140]. In addition, comparisons between the use of intra-articular corticosteroids and joint lavage showed no differences between the two treatments with respect to efficacy or safety [141,142]. Arthroscopic lavage and debridement may be useful for removing unstable tissues (e.g., loose bodies, meniscal tears, loose cartilage) that are causing mechanical symptoms [135,137].
The American Academy of Orthopaedic Surgeons (AAOS) updated its guideline on surgical management of knee osteoarthritis in 2021 [143]. This guideline states that high tibial osteotomy may be considered in properly indicated patients with unicompartmental osteoarthritis of the knee [143]. The AAOS recommends against performing arthroscopy with debridement or lavage in patients with a primary diagnosis of symptomatic osteoarthritis of the knee [143]. The AAOS notes that arthroscopic partial meniscectomy or removal of loose bodies is an option for patients who have failed physical therapy or other nonsurgical treatments [143]. In addition, the AAOS found that arthroscopic partial meniscectomy can be used in patients with osteoarthritis of the knee with a torn meniscus [143].
Experts have described satisfactory outcomes after arthroscopic debridement of the elbow [144,145]. The ideal candidate for the procedure is younger than 60 years of age, is active, and has impingement pain at the extremes of the range of motion but not at the midpoint of the arc of motion or at rest [144,146]. Compared with open debridement, the arthroscopic procedure is associated with decreased intraoperative bleeding and less postoperative pain. The procedure is technically demanding but is safe when performed by an experienced surgeon familiar with the technique [144].
Debridement (through arthroscopy or arthrotomy) of the ankle has relieved pain, decreased swelling and stiffness, and improved activity levels in more than half of patients [147]. Improvement is most likely when debridement is done to remove osteophytes, smooth unstable chondral surfaces, and remove loose bodies [147].


RHEUMATOID ARTHRITIS



In the United States, rheumatoid arthritis afflicts 1.5 million, or roughly 1% of the adult population, and has a prevalence rate of 0.4% to 1.3%. Women are diagnosed three times more often than men [148]. Risk factors for rheumatoid arthritis in women include a history of exogenous hormone use, irregular menses, not breastfeeding following delivery, and nulliparity [149]. Symptom onset in women is typically between 30 and 60 years of age. While men have a later average onset, sex differences diminish in older age groups [149,150].
Patients with rheumatoid arthritis have a two-fold higher mortality rate relative to age-matched controls, attributable mainly to cardiovascular disease. Other highly prevalent comorbid conditions in patients with rheumatoid arthritis include infections (most commonly tuberculosis), psychiatric conditions, and lymphoproliferative malignancies such as leukemia and multiple myeloma [151].
Rheumatoid arthritis manifests clinically as pain and swelling in three or more joints, primarily in the hands and feet [150,152]. Pain is often accompanied by redness, swelling, and warmth, and patients with more severe rheumatoid arthritis may exhibit joint deformities and bony growths called rheumatoid nodules [149,152].
The clinical hallmark of rheumatoid arthritis is stiffness after prolonged periods of inactivity, particularly when rising in the morning. Another feature is bilateral symptom presentation, producing a mirroring effect. Symptoms not generally associated with osteoarthritis, such as depression, extreme fatigue, weight loss, and fever, may commonly occur with rheumatoid arthritis and are explained by the systemic inflammatory disease basis of the disease [150,152].
Although the natural history of rheumatoid arthritis shows marked variability among patients, it is believed the disease follows at least three courses [152]:
    
	Monocyclic: A single episode ending within two to five years of initial diagnosis without recurrence. This outcome may be attributable to early diagnosis and/or aggressive treatment.
	Polycyclic: Characterized by a fluctuating level of disease activity throughout the course of the condition.
	Progressive: The disease progressively increases in its severity and is unremitting.


The pathogenesis of rheumatoid arthritis is not fully understood. However, in genetically susceptible persons, an external trigger such as infection or trauma may precipitate an autoimmune reaction targeting the synovium. This results in synovial hypertrophy, chronic joint inflammation, and possibly extra-articular manifestations such as cartilage deterioration, bone damage, and joint deformity [153,154].
Major cellular/molecular contributors to rheumatoid arthritis pathophysiology include CD4 T cells, mononuclear phagocytes, fibroblasts, osteoclasts, and neutrophils. Abnormal production of numerous cytokines, chemokines, and other inflammatory mediators has been demonstrated in patients with rheumatoid arthritis [154,155].
As an important regulator of proinflammatory molecules and stimulator of the secretion of matrix metalloproteinases, TNF plays a central role in rheumatoid arthritis pathobiology. TNF is intimately involved in mediating the activity of numerous compounds inside the joint, including chondrocytes, macrophages, synovial fibroblasts, and osteoclasts. TNF directly influences inflammation and the formation of pannus, a mass of tissue that causes localized joint destruction [154,156].
Abnormal stress response also contributes to rheumatoid arthritis pathophysiology. Patients with rheumatoid arthritis have shown a maladaptive pro-inflammatory response to experimentally induced pain stimuli, including elevations in C-reactive protein, TNF-α, and the pro-inflammatory cytokine interleukin-6. These findings suggest an important role played by hyperalgesia in shaping the long-term symptomatology of rheumatoid arthritis [154,157].
Some patients do not experience pain reduction despite treatment with anti-inflammatory disease-modifying antirheumatic drugs (DMARDs). This suggests that inflammation may not be the sole contributor to pain in rheumatoid arthritis, and abnormalities in CNS pain processing and modulation have been found in patients with rheumatoid arthritis. The role of central sensitization as an underlying pathophysiology in patients not experiencing pain reduction with DMARDs is indicated by the symmetrical manifestation of the disease, absence of correlation between disease activity and symptoms, and the generalized hyperalgesia at both articular and nonarticular sites for different kinds of stimuli [114]. Few rheumatologists are familiar with the use of drug therapies that target central pain pathways [126].
Classification



Rheumatoid arthritis is diagnosed clinically but may be classified according to the ACR and European League Against Rheumatism classification criteria for rheumatoid arthritis (Table 7). For classification purposes, a patient has definite rheumatoid arthritis if he or she scores at least 6 points using the established system.

Table 7: AMERICAN COLLEGE OF RHEUMATOLOGY/EUROPEAN LEAGUE AGAINST RHEUMATISM CLASSIFICATION
          CRITERIA FOR RHEUMATOID ARTHRITISa
	Criteria	Score
	Joint involvement
	1 large jointb	0
	2–10 large joints	1
	1–3 small jointsc (with or without involvement of
                large joints)	2
	4–10 small joints (with or without involvement of large joints)	3
	>10 joints (at least 1 small joint)	5
	Serology (at least one test result needed for
                classification)
	Negative RF and negative ACPA	0
	Low-positive RF or low-positive ACPA	2
	High-positive RF or high-positive ACPA	3
	Acute-phase reactants (at least one test result
                needed for classification)
	Normal CRP and normal ESR	0
	Abnormal CRP or abnormal ESR	1
	Duration of symptoms
	Less than six weeks	0
	Six or more weeks	1
	
                RF = rheumatoid factor; ACPA = anticitrullinated protein antibody; CRP =
                    C-reactive protein; ESR = erythrocyte sedimentation rate.
aTarget population: patients who have at
                    least one joint with definite clinical synovitis in whom the synovitis is not
                    better explained by another disease.
bLarge joints include shoulders, elbows,
                    hips, knees, and ankles.
cSmall joints refers to the
                    metacarpophalangeal joints, proximal interphalangeal joints, second through
                    fifth metatarsophalangeal joints, thumb interphalangeal joints, and
                    wrists.


              


Source: [158]


Early diagnosis and DMARD treatment are extremely important for suppression of synovitis and prevention of bone erosion in the joints, as this greatly reduces the risk of permanent disability. The 2010 criteria were developed to improve sensitivity in detecting early-stage rheumatoid arthritis by including tender and swollen joint count, acute phase reactants, anticitrullinated peptide antibodies or rheumatoid factor, and symptom duration. Also, the former criterion requiring six weeks of symptom duration was eliminated. The criteria are intended for use following differential diagnosis of synovitis in patients with at least one swollen joint, and patients showing bone erosion are automatically classified as rheumatoid arthritis [159].

Treatment



Pain is common for many patients with rheumatoid arthritis, even with optimal therapy addressing the pathophysiology. Patients with rheumatoid arthritis report that pain control is their greatest priority. The treatment goals for all patients with rheumatoid arthritis are control of pain and inflammation and ultimately the induction of disease remission or greatly diminished disease activity [156]. Pharmacologic treatments are the backbone of therapy and fall into three general categories: corticosteroids, NSAIDs, and DMARDs, including biologic, conventional synthetic, and targeted synthetic DMARDs [154,156,160]. NSAIDs and corticosteroids have a short onset of action, while DMARDs can take several weeks or months to demonstrate a clinical effect [161]. In contrast to the 2015 guideline recommendations, the 2021 ACR guideline recommendations for the treatment of rheumatoid arthritis (Table 8) considers current disease activity, prior therapies used, and the presence of comorbidities as the factors most relevant to treatment decisions [160].

Table 8: 2021 ACR GUIDELINE RECOMMENDATIONS FOR THE TREATMENT OF RHEUMATOID
          ARTHRITIS
	Patient Population	Recommendation(s)
	DMARD-naïve patients with moderate-to-high disease activity	
                  Methotrexate monotherapy is strongly recommended over hydroxychloroquine
                      or sulfasalazine; bDMARD or tsDMARD monotherapy; or combination of
                      methotrexate plus a non-TNF inhibitor bDMARD or tsDMARD.
Methotrexate is conditionally recommended over leflunomide, dual or
                      triple csDMARD therapy, and combination of methotrexate plus a TNF
                      inhibitor.
Initiation of a csDMARD without short-term (less than three months)
                      glucocorticoids is conditionally recommended over initiation of a csDMARD with
                      short-term glucocorticoids.
Initiation of a csDMARD without longer-term (three months or more)
                      glucocorticoids is strongly recommended over initiation of a csDMARD with
                      longer-term glucocorticoids.


                
	DMARD-naïve patients with low disease activity	
                  Hydroxychloroquine is conditionally recommended over other
                      csDMARDs.
Sulfasalazine is conditionally recommended over methotrexate.
Methotrexate is conditionally recommended over leflunomide.


                
	csDMARD-treated, methotrexate-naïve patients with moderate-to-high disease
                    activitya	Methotrexate monotherapy is conditionally recommended over the combination of
                  methotrexate plus a bDMARD or tsDMARD
	All patients receiving methotrexate	
                  Oral methotrexate is conditionally recommended over subcutaneous
                      methotrexate for patients initiating methotrexate.
Initiation/titration of methotrexate to a weekly dose of at least 15 mg
                      within 4 to 6 weeks is conditionally recommended over initiation/titration to
                      a weekly dose of <15 mg.
A split dose of oral methotrexate over 24 hours or weekly subcutaneous
                      injections, and/or an increased dose of folic/folinic acid, is conditionally
                      recommended over switching to alternative DMARD(s) for patients not tolerating
                      oral weekly methotrexate.
Switching to subcutaneous methotrexate is conditionally recommended over
                      the addition of/switching to alternative DMARD(s) for patients taking oral
                      methotrexate who are not at target.


                
	Patients treated with DMARDs who are not at target	
                  A TTT approach is strongly recommended over usual care for patients who
                      have not been previously treated with bDMARDs or tsDMARDs.
A TTT approach is conditionally recommended over usual care for patients
                      who have had an inadequate response to bDMARDs or tsDMARDs.
A minimal initial treatment goal of low disease activity is
                      conditionally recommended over a goal of remission.
Addition of a bDMARD or tsDMARD is conditionally recommended over triple
                      therapy for patients taking maximally tolerated doses of methotrexate who are
                      not at target.
Switching to a bDMARD or tsDMARD of a different class is conditionally
                      recommended over switching to a bDMARD or tsDMARD belonging to the same class
                      for patients taking a bDMARD or tsDMARD who are not at target.
Addition of/switching to DMARDs is conditionally recommended over
                      continuation of glucocorticoids for patients taking glucocorticoids to remain
                      at target.
Addition of/switching to DMARDs (with or without IA glucocorticoids) is
                      conditionally recommended over use of IA glucocorticoids alone for patients
                      taking DMARDs who are not at target.


                
	Patients tapering DMARDs	
                  Continuation of all DMARDs at their current dose is conditionally
                      recommended over a dose reduction of a DMARD.
Dose reduction is conditionally recommended over gradual discontinuation
                      of a DMARD.
Gradual discontinuation is conditionally recommended over abrupt
                      discontinuation of a DMARD.
Gradual discontinuation of sulfasalazine is conditionally recommended
                      over gradual discontinuation of hydroxychloroquine for patients taking triple
                      therapy who wish to discontinue a DMARD.
Gradual discontinuation of methotrexate is conditionally recommended
                      over gradual discontinuation of a bDMARD or tsDMARD for patients taking
                      methotrexate plus a bDMARD or tsDMARD who wish to discontinue a
                      DMARD.


                
	
                  DMARD = disease-modifying antirheumatic drug, bDMARD = biologic DMARD,
                      csDMARD = conventional synthetic DMARD, IA = intra-articular TNF = tumor
                      necrosis factor, tsDMARD = targeted synthetic DMARD, TTT =
                      treat-to-target.
aRecommendations are the same as for
                      DMARD-naïve patients, except for this population.


                


Source: [160]


The 2021 ACR treatment guidelines also include recommendations for patients with specific comorbidities, including those with subcutaneous nodules, pulmonary disease, heart failure, hepatitis B infection, nonalcoholic fatty liver disease, and previous serious infection [160].
Corticosteroids (e.g., methylprednisolone, prednisone, prednisolone) are prescribed orally for rheumatoid arthritis to reduce inflammation and subsequent joint pain and swelling through receptor binding at inflammation sites. These agents inhibit movement of inflammatory cells, neutrophil function, and prostaglandin production. However, while they may control symptoms, they do not impact disease progression [156,161].
Oral DMARDs are heterogeneous agents grouped together on the basis of slow action and ability to improve symptoms, reduce or prevent joint damage, and preserve structure and function in patients with inflammatory disease. They include methotrexate, sulfasalazine, leflunomide, and hydroxychloroquine [156,161].
Biologic DMARDs are an injectable form of DMARD that differ from oral agents in the selectivity of immune system target. Adalimumab, certolizumab pegol, etanercept, golimumab, and infliximab block proinflammatory-mediating cytokines through TNF inhibition [154]. The other biologic DMARDs include anakinra, an interleukin-1 receptor antagonist; abatacept, an immunosuppressant that interferes with T lymphocyte activation; rituximab, which removes circulating B cells; and tocilizumab, an interleukin-6 (IL-6) antagonist [156].
Oral tofacitinib received FDA approval in 2012 for the treatment of rheumatoid arthritis in patients who have failed a trial of methotrexate. Tofacitinib is the first recent nonbiologic, small-molecular treatment for rheumatoid arthritis. Tofacitinib is a Janus kinase (JAK) inhibitor. Inhibition of JAKs reduces production of and modulates the proinflammatory cytokines central to rheumatoid arthritis [154]. Extensive evaluation has shown it superior to placebo, comparable to the anti-TNF agent adalimumab, efficacious in patients not responding to other anti-TNF agents, and superior to methotrexate. As with methotrexate, patients receiving tofacitinib are at risk for myelosuppression and should be monitored for cytopenias [36,162,163]. In 2018, the FDA approved a second JAK inhibitor, baricitinib as a second-line treatment for rheumatoid arthritis in patients with moderately-to-severely active disease who have had an inadequate response or intolerance to one or more TNF antagonists [36,154,164]. Baricitinib may be used as monotherapy or in combination with methotrexate or other nonbiologic DMARDs [154]. It should not be used in combination with biologic DMARDs or immunosuppressant agents (e.g., azathioprine, cyclosporine) [154,164]. Baricitinib is dosed at 2 mg once daily [36]. Another JAK inhibitor, upadacitinib, was approved by the FDA in 2019 for treatment of rheumatoid arthritis in patients with moderately-to-severely active disease who have had an inadequate response or intolerance to one or more TNF blockers [36,165]. The recommended dose of oral upadacitinib is 15 mg once daily [36,165].
Sarilumab injection received FDA approval in 2017 for the treatment of rheumatoid arthritis in patients with moderately-to-severely active disease who have had an inadequate response or intolerance to one or more DMARDs [36,160,166,167]. Approval of sarilumab was based on the results two trials [154]. In the first trial, patients treated with sarilumab plus methotrexate had reduced signs and symptoms and improved physical function and demonstrated significantly less radiographic progression of structural damage compared with placebo plus methotrexate [168]. The second trial produced similar results as the first trial [169]. Sarilumab may be use as monotherapy or in combination with methotrexate or other conventional DMARDs. The usual dose is 200 mg subcutaneously once every two weeks [36,166]. For patients with early rheumatoid arthritis (less than six months in duration) who have never taken a DMARD, oral DMARD monotherapy (preferred agent: methotrexate) is recommended as first-line treatment [160]. Sulfasalazine is similarly effective, and leflunomide may provide comparable results [156,161,164]. In methotrexate-naïve patients with early rheumatoid arthritis, symptom response is similar between methotrexate and adalimumab or etanercept, and improvement in functional capacity is similar between methotrexate and adalimumab [161]. Adding prednisone reduces radiographic progression and joint erosion but increases risk of adverse events. Biologic DMARDs are more effective than oral DMARDs in limiting radiographic evidence of progression [134,156].
In patients with longstanding active disease, biologic DMARDs offer greater likelihood of remission than oral agents and therefore are often the approach used [134,156,161]. Combining two biologic DMARDs does not improve disease activity, functional capacity, or symptom response, yet it does increase the risk of serious adverse events. However, if oral DMARDs are used, a combination of two or three agents is more effective than monotherapy [134,156].
In patients with longstanding active disease requiring a change in therapy, biologic DMARDs are preferred over oral DMARDs [134,156,160]. The combination of a biologic DMARD and methotrexate provides greater symptom reduction than either agent alone without increasing the risk of serious adverse events.
Recognition of the substantial burden imposed by persistent rheumatoid arthritis pain prompted the development of recommendations for pharmacologic pain control in rheumatoid arthritis by the 3e (evidence, expertise, exchange) Initiative (Table 9). The guideline was initially developed in reference to the broad category of inflammatory arthritis, but most of the evidence in the final report pertains to rheumatoid arthritis [140].

Table 9: 3E INITIATIVE RECOMMENDATIONS FOR PHARMACOLOGIC PAIN MANAGEMENT IN INFLAMMATORY ARTHRITIS
	
                  Pain should be measured routinely.
Acetaminophen should be used for persistent pain.
Systemic glucocorticoids are not recommended for routine pain management
                      in the absence of significant inflammation.
Use TCAs and neuromodulators as adjuvant treatment; muscle relaxants and
                      benzodiazepines are not recommended.
Weak opioids may be used for short-term pain treatment when other
                      therapies have failed or are contraindicated; consider long-term use but
                      perform regular review. Strong opioids should only be used in exceptional
                      cases.
With inadequate response to acetaminophen or NSAID, add a drug with a
                      different mechanism; do not combine two or more NSAIDs.
Use NSAIDs at the lowest effective dose.
Use existing guidance regarding the safety of pain medicine during
                      pre-conception, pregnancy, and lactation.
Methotrexate is safe with standard doses of acetaminophen and/or NSAIDs
                      (excluding anti-inflammatory doses of aspirin).
Acetaminophen is the first choice in patients with gastrointestinal
                      comorbidities; non-selective NSAIDs in combination with a PPI, or COX-2
                      selective inhibitors with or without PPI, may be used with caution. With liver
                      disease, standard precautions with NSAIDs and other analgesics should be
                      applied.
With hypertension, cardiovascular disease, or renal disease,
                      acetaminophen is first choice; use NSAIDs and COX-2 inhibitors with
                      caution.


          
	COX-2 = cyclooxygenase-2, NSAID = nonsteroidal anti-inflammatory drug, PPI = proton-pump inhibitor, TCA = tricyclic antidepressant.


Source: [170,171]


Other pain control options are being studied and may be considered in intractable cases. Nefopam hydrochloride is a benzoxazocine analgesic widely used in Europe for rheumatic disease and moderate-to-severe pain as an opioid alternative [172]. Nefopam blocks voltage-sensitive sodium channel activity in CNS neuron membranes to inhibit presynaptic glutamate release and postsynaptic neuronal excitation following glutamate receptor activation [173]. Following activation of voltage-sensitive calcium channels, nefopam inhibits calcium influx, cyclic guanosine monophosphate formation, and NMDA receptor-dependent neurotoxicity [174]. A published review of neuromodulator therapy in rheumatoid arthritis found two RCTs of nefopam showing significant pain reduction after two weeks [175]. However, this agent remains investigational in the United States.
An RCT of capsaicin found significant pain reduction at one and two weeks, with a 2% dropout from side effects [175]. Capsaicin may be considered as adjunctive therapy in patients with persistent local pain and inadequate response or intolerance to other analgesic approaches [176].


GOUT



Gout is a metabolic disorder associated with elevated urate levels in the body and is the most common cause of inflammatory arthritis in the United States. Gouty arthritis is characterized by recurring episodes of acute, usually monarticular, arthritis that tend to remit over several days to weeks; however, undiagnosed, untreated patients are at risk for developing a chronic deforming arthritis. An estimated 9.2 million adults in America are affected [177]. Gout is rarely encountered in persons younger than 30 years of age, with the predominant age range being 30 to 60 years. However, onset may occur in men in their early 20s who have a genetic predisposition and lifestyle risk factors. The peak age of onset in women is the sixth to eighth decade of life [177]. The estimated prevalence of gout is 5.9% in men and 2.0% in women [177]. The prevalence and incidence of gout has increased over the past several decades [177,178].
Gout develops in persons with hereditary or acquired chronic hyperuricemia or in those with marked perturbations in serum urate associated with such factors as alcohol consumption, drug use, eating foods high in purines, overweight/obesity, and myeloproliferative disorders [177,179]. The normal serum urate is generally considered to be ≤6.8 mg/dL. The majority of patients at the time of an acute flare have demonstrable hyperuricemia (in excess of 7 mg/dL); however, about 20% do not. The presence of hyperuricemia in the absence of symptoms is not diagnostic of gout [177]. In all cases, the hyperuricemia is caused by some dysregulation in the balance between production and excretion of urate. An estimated 80% to 90% of gout cases are due to urate underexcretion and not overproduction [177]. Hyperuricemia can occur without precipitating gout, and in the absence of symptoms, it may not warrant intervention [177,180].
Uric acid is a final metabolic product of purine nucleotides found in many foods and in human tissue. Intermediary processes of purine metabolism include the initial breakdown of purines to inosine and then to hypoxanthine. Hypoxanthine is metabolized to xanthine, and xanthine to uric acid, with both stages catalyzed by the enzyme xanthine oxidase (the primary site for pharmacologic intervention by allopurinol) [181].
The human body is limited in its capacity to excrete a heavy urate load. In the setting of persistent hyperuricemia, often combined with stress to weight-bearing joints such as the great toe, monosodium urate crystals precipitate within joint synovial fluid, producing an intense inflammatory reaction. With chronicity, adjacent tissues may become saturated with urate, leading to deposits within articular, periarticular, bursal, bone, auricular, and cutaneous sites. These deposits, termed tophi, are detectable on physical exam or by radiographs and are a cardinal pathognomonic feature of gout. The presence of crystals, within joint fluid or in tissue, activates monocytes and macrophages to clear the crystals through phagocytosis. The release of proinflammatory cytokines and chemokines into the immediate area triggers an acute inflammatory reaction and influx of neutrophils into the joint space [182,183,184].
The clinical presentation of gout is typically one of arthritis and intense pain, and patients may exhibit inflammation and edema in the afflicted joint. Although the great toe is the most common site, other joints and their surrounding tissue can be affected, including the insteps, ankles, heels, knees, wrists, fingers, and elbows [177]. Gout may be confused with other causes of arthritis as all forms share the cardinal signs of inflammation: pain, redness, warmth, tenderness, and swelling [179,185]. While gout initially manifests in severe, discrete episodes of pain, the condition may progress to more frequent attacks with shorter asymptomatic periods between attacks [177,185]. Synovial fluid analysis is the gold standard for diagnosing gout, confirmed by the presence of monosodium urate. Calcium pyrophosphate deposition disease, or "pseudogout," is a similar crystalline arthritis that occurs in patients with underlying osteoarthritis and is identified by the presence in synovial fluid of calcium pyrophosphate dehydrate crystals [177,179,184].
Treatment



Gout is perhaps the most easily treated, and preventable, form of arthritis. This is due to widespread understanding of its underlying mechanisms and the availability of effective treatment [179]. It is managed by controlling the current acute attack and preventing future attacks. Medications addressing the underlying pathophysiology include the xanthine oxidase inhibitors (XOIs) allopurinol and febuxostat and the uricosuric agents probenecid, fenofibrate, and losartan [179,182,186]. (Note: The use of fenofibrate and losartan for the treatment of gout is off label.)


Evidence Based Practice Recommendation

The American College of Rheumatology conditionally recommends that
            patients with gout limit their consumption of purine-rich foods (e.g., meat and
            seafood), alcohol, and high-fructose corn syrup (particularly in sweetened soft drinks
            and energy drinks).
https://assets.contentstack.io/v3/assets/bltee37abb6b278ab2c/blt04d52e3b6ff5112f/632cab5b258fb55f6b2186af/gout-guideline-2020.pdf

             Last Accessed: August 28, 2025
Certainty of Evidence: Low or very
            low


Updated guidelines for the management of gout were published by the ACR in 2020 [182,186]. The initial steps include patient education, testing to rule out other causes of hyperuricemia, and evaluation of the disease burden to determine appropriate treatment. All patients with hyperuricemia and established gout should be advised to begin dietary modification. This involves avoiding organ meat high in purine content, high-fructose corn syrup, and excessive alcohol use. Portions of high purine-content seafood, sugar, and salt should be limited. The ideal diet will include low- or non-fat dairy products and vegetables. Other lifestyle modifications can also assist in managing gout, including weight loss in overweight patients, regular exercise, smoking cessation, and adequate hydration [182,186].
The acute pain of gout may be treated with NSAIDs, a COX-2 inhibitor, systemic corticosteroids, or oral colchicine monotherapy in mild-to-moderate disease (≤6 on a 10-point pain scale). Combination therapy (i.e., colchicine and NSAIDs, oral corticosteroids and colchicine, or intra-articular steroids with each of the other options) may be used in cases of severe disease with intense pain and polyarticular presentation. Intramuscular triamcinolone acetonide is recommended in patients unable to take oral medication or likely to be poorly adherent to the multidose oral regimen [186].
An inadequate response to therapy after escalation (<20% pain reduction within 24 hours or <50% pain reduction after ≥24 hours) should prompt reconsideration of the diagnosis. If gout is confirmed, switching to another form of monotherapy or adding a second agent may prove effective [182,186].
Urate-lowering therapy should be initiated in all patients with tophaceous gout, radiographic damage due to gout, or frequent gout flares [182]. Therapy should be started within 24 to 36 hours of the onset of an acute gout attack unless otherwise contraindicated. Urate-lowering therapy is not recommended for patients experiencing their first flare, or for patients with asymptomatic hyperuricemia (serum urate >6.8 mg/dL) with no prior gout flares or subcutaneous tophi [182]. Allopurinol (≤100 mg/day) is the preferred first-line agent. Febuxostat (≤40 mg/day) is an acceptable alternative [182]. Probenecid may be used as an alternative to allopurinol or febuxostat if there is contraindication or intolerance to these preferred agents. However, probenecid should be avoided in patients with a history of urolithiasis [182,186].
Clinicians may also consider screening for the HLA-B*5801 allele, which is associated with high risk of severe allopurinol hypersensitivity reaction. High-risk persons include Koreans with an estimated glomerular filtration rate <60 mL/min/1.73 m2 or those with Han Chinese or Thai ancestry [36].
Anti-inflammatory prophylaxis (against precipitating an acute flare) is recommended when initiating urate-lowering therapy in asymptomatic patients [182]. Colchicine was once the treatment of choice but is now less commonly used than NSAIDs because of its narrow therapeutic window and risk of toxicity [187]. To be effective, colchicine therapy is ideally initiated within 36 hours of onset of the acute attack [177]. In the case of colchicine intolerance or contraindication, prednisolone may be used [182]. Prophylaxis should continue for 3 to 6 months, with ongoing evaluation and continued prophylaxis as needed if the patient continues to experience flares [182].
Patients with intermittent symptoms or chronic synovitis with tophi (chronic tophaceous gouty arthritis) should be treated with a single-agent XOI, such as allopurinol, at a dose to achieve and maintain the serum urate level within normal range [182,186]. If the serum urate target is not achieved or disease activity persists, a uricosuric agent may be added to the XOI [182]. Pegloticase therapy should be considered if the serum uric target is not achieved, disease activity persists, more than seven attacks occur per year and no tophi, two or more attacks per year and tophi, or chronic tophaceous gouty arthritis is present [36,182].



8. HEADACHE



Headache is perhaps the most common of all pain syndromes. One-half of the general population reports having had a headache within a given year; more than 90% recall having had a headache sometime during life [188]. The direct and indirect socioeconomic costs of headache are estimated to be $14 billion per year [188]. Chronic headache, defined as headache 15 or more days per month, occurs in 3% to 5% of the population and can be severely disabling [188]. Headache ranks among the top reasons for primary care contact [189].
Headache types are generally grouped as either primary or secondary. Primary headaches have a poorly understood etiology and are classified by clinical pattern, while secondary headaches are those caused by an underlying disorder [190,191,192].
The second edition of the International Classification of Headache Disorders (ICHD-II) was published in 2004 by the International Headache Society to provide an international standard. A third edition (ICHD-III) beta version was released in 2013, with the purpose of promoting more field testing before presentation of the final ICHD-III. The final ICHD-III was published in 2018 [191]. A 2012 assessment compared the reliability and validity of the ICHD-II against recent diagnostic and classification systems and affirmed the continuation of its standard universal use. The evidence was reviewed again in 2015, and no changes to recommendations were made [190]. These classifications will be used throughout this section.
Primary headache accounts for most headaches seen in primary care. Although tension-type headache has the highest prevalence rate, migraine headache is the most common type requiring medical attention [192]. In evaluating patients suspected to have primary headache, the key to proper classification lies with the patient's history, as the neurologic exam is usually normal and thus of limited value [192].
Before reaching the diagnosis of primary headache, other potentially serious pathologic causes should be carefully considered and evaluated by clinical examination. Underlying disorders that commonly present with secondary headache include hypertension, subarachnoid hemorrhage, brain tumor, meningitis, encephalitis, temporal arteritis, idiopathic intracranial hypertension, cerebral venous thrombosis, primary angle-closure glaucoma, and cervical spine pathology [193]. Assessment for warning signs should be performed in all patients, regardless of previous headache history, as the presence of these signs suggests another underlying condition requiring thorough diagnostic follow-up. Warning signs include [192]:
  
	Aspects of the headache
	Subacute with progressive worsening over weeks to months
	Distinctly different quality of the headache
	Headache described as worst ever
	Headache with maximum severity at onset
	New onset after 50 years of age
	Persistent headache triggered by cough or sneeze, bending, or exertion



	Evidence of systemic disease
	Fever
	Hypertension
	Myalgias
	Weight loss
	Scalp tenderness



	Seizures
	Neurologic signs
	Meningismus
	Confusion, memory loss
	Altered level of consciousness
	Papilledema
	Visual field defect
	Cranial nerve asymmetry
	Extremity drifts or weaknesses
	Clear sensory deficits
	Reflex asymmetry
	Extensor plantar response
	Gait disturbances





Secondary headaches are managed by symptom control, principally with analgesic medication, while the underlying cause is being identified and addressed in a definitive manner.
The treatment of primary headache syndromes involves a two-prong approach: the acute (abortive) relief of discomfort, followed by preventive (prophylactic) therapy. Both are required in patients with frequent and/or severe attacks. Acute treatment attempts to reverse or halt the progression of a headache that has already begun. Preventive treatment, taken when the patient is asymptomatic, is intended to reduce or eliminate the frequency and severity of subsequent attacks, or to make acute attacks more responsive to treatment, and thus improve the patient's quality of life. Prevention is the foundation of managing migraine and cluster headache, as these headaches are severe even if short-lived [194].
MIGRAINE



Migraine is one of the most disabling disorders and remains underdiagnosed and undertreated [195]. In the United States, more than 30 million people have one or more migraine headaches per year. This corresponds to approximately 18% of women and 6% of men. Migraine accounts for 64% of severe headaches in women and 43% of severe headaches in men [196]. The economic cost resulting from migraine-related loss of productive time in the workforce is more than $13 billion per year [196]. According to the American Migraine Study, more than 85% of women and 82% of men with severe migraine have some headache-related disability [197]. Women experience higher past-year rates (13% to 18%) than men (5% to 10%). In the United States, chronic migraine prevalence is inversely correlated with household income and education [196].
The severity and frequency of migraine attacks tend to diminish with increasing age. After 15 years of suffering migraines, approximately 30% of men and 40% of women no longer have migraine attacks [196]. Comorbid conditions may occur with migraine, including anxiety and mood disorders, allergies, other chronic pain disorders (e.g., fibromyalgia, low back pain), hypertension, and epilepsy. Migraine with aura is also a risk factor for ischemic stroke, especially in women with frequent attacks [196]. Negative prognostic factors include early age at onset, psychosocial stressors, and psychiatric comorbidity [196].
The main clinical feature of migraine is a unilateral or bilateral throbbing or pulsating headache of moderate-to-severe pain, often preceded by an aura. Other symptoms include GI disturbances (e.g., nausea or vomiting) and intense sensitivity to light or sound. The features that best differentiate migraine from other headache types are the presence of nausea and/or vomiting with photophobia, phonophobia, and/or osmophobia. Migraines typically last 4 to 72 hours [190].
Migraine is subgrouped by the presence or absence of aura. A typical aura is characterized by visual, sensory, and/or dysphasic speech symptoms that include positive symptoms (e.g., flickering lights, spots, zig-zag lines, tingling, pins and needles sensation) and/or negative symptoms (e.g., visual loss, numbness). Aura develops in five or more minutes, persists for up to 60 minutes before migraine onset, and then fully resolves. Different aura symptoms may occur in succession. Aura may also occur in the absence of a migraine headache [190,193].
Migraine with or without aura is further qualified as episodic (<15 headache days per month) or chronic (≥15 headache days per month for longer than three months) [190]. A variant is menstrual-related migraine, which consists of migraine manifesting primarily between two days before and three days after the onset of menstruation. Diagnosis involves patient documentation in a headache diary and requires this headache pattern in at least two of three consecutive menstrual cycles [190].
Pathophysiology



Migraine is a complex heterogeneous disorder with pathogenic mechanisms that are only now being elucidated [196]. A likely primary pathway leading to migraine-associated pain involves trigeminovascular system activation. This system is comprised of nociceptive nerves from the first or ophthalmic region of the trigeminal ganglia, major blood vessels that regulate cerebral blood flow, and smaller vessels in the pain-sensitive meninges. In the trigeminal ganglion, Aδ and C fibers transmit nociceptive impulses from meningeal blood vessels to the caudal brain stem or high cervical cord, resulting in headache pain. Sensitization and excitation of trigeminal nerves, the result of inflammatory mediator release from CNS dysfunction, promote neurogenic inflammation and generation of pain stimuli. This trigeminal nociceptor activation triggers neuropeptide release, including calcitonin gene-related peptide, substance P, and neurokinin A, from primary sensory neurons involved in the transmission of pain signaling [196,198,199].
Aura is believed to be related to cortical spreading depression, a process that transiently compromises cortical function resulting from a spreading (2–6 mm/min) wave of neuronal excitation in cortical gray matter. This cellular depolarization and resultant aura activate trigeminal fibers to initiate headache. The basis of cortical spreading depression involves the release of potassium or glutamate from neural tissue, which depolarizes adjacent tissues that release more neurotransmitters to propagate cortical spreading depression [200]. Cortical spreading depression may be responsible for the upregulation of genes, such as those encoding for metalloproteinases. The activation of these enzymes leads to leakage of the blood-brain barrier, allowing potassium, nitric oxide, adenosine, and other products to reach and sensitize the trigeminal afferent endings. Increased net activity of matrix metalloproteinase-2 has been demonstrated in patients with migraine [196].

Treatment



As with most conditions, the foundation of migraine headache treatment is patient education and self-care [192,196]. The history, or a log kept by the patient, may reveal one or more environmental, food, or medication sources that act as "triggers" of a migraine attack [190]. Common triggers include intense temperature, an odor, bright light, stress, poor sleep, foods containing monosodium glutamate or nitrates (e.g., aged cheeses, beer, red wine), citrus, aspartame, oral contraceptives, estrogen therapy, nifedipine, and nitroglycerin. Resting in a quiet, dark room can help alleviate some migraines. Regular aerobic exercise and smoking cessation are encouraged. Patients should also keep a headache diary in order to identify triggers and assess treatment efficacy [190]. Acute medication should not be used more than nine days per month, which should be possible with adherence to the prophylactic treatment regimen. For persons who experience troublesome nausea with their attack, it is helpful to keep on hand a prescription antiemetic such as metoclopramide, prochlorperazine, or promethazine [190]. Caffeine may also be a useful adjunct.
Acute Attacks


Evidence Based Practice Recommendation

The American College of Physicians recommends that clinicians add a
            triptan to a nonsteroidal anti-inflammatory drug to treat moderate to severe acute
            episodic migraine headache in outpatient settings for nonpregnant adults who do not
            respond adequately to a nonsteroidal anti-inflammatory drug.
https://www.acpjournals.org/doi/10.7326/ANNALS-24-03095

             Last Accessed: August 28, 2025
Strength of Recommendation/Level of Evidence:
            Strong recommendation; moderate-certainty evidence


For patients experiencing mild symptoms of a migraine, initial treatment consists of over-the-counter NSAIDs or aspirin (with or without caffeine) [190,192]. Triptans (e.g., naratriptan), lidocaine nasal spray, or sumatriptan/naproxen sodium combination therapy may also be used. In 2013, the FDA approved a sumatriptan iontophoretic transdermal system for acute treatment of migraine with or without aura in adults [201].
For moderate symptoms, guidelines recommend the use of NSAIDs, triptans, lidocaine nasal spray, dihydroergotamine mesylate (DHE), or combination acetaminophen, isometheptene, and dichloralphenazone [190,192]. Severe symptoms may be treated with prochlorperazine, chlorpromazine, DHE, ketorolac IM, magnesium sulfate IV, or triptans. If the migraine is known to be related to menstruation and does not respond to first-line therapies, use of frovatriptan or zolmitriptan is indicated [190].
If symptoms persist for more than 72 hours, the treatment of choice is DHE; however, DHE should never be given within 24 hours of ingesting any triptan or ergot derivative [190,192]. Other absolute contraindications to DHE use include pregnancy, history of ischemic heart disease, history of variant angina, severe peripheral vascular disease, cerebrovascular disease, hemiplegic or basilar-type migraine, and onset of chest pain following DHE test dose. In these cases, treatment consists of chlorpromazine, valproate sodium IV, magnesium sulfate IV, or prochlorperazine [192].
DHE is effective in halting intractable migraine attack, and IV DHE is the method most frequently used to terminate a truly intractable migraine attack [192]. Meperidine is not recommended because its neurotoxic metabolite normeperidine may promote seizures [192].
Prophylactic Treatment
The criteria for migraine prophylactic treatment are three or more severe migraines per month with inadequate response to symptomatic therapy, less frequent but prolonged attacks that are disruptive to quality of life, and patient desire [192,196]. Several classes of drugs with established efficacy are available, the selection of which depends on individual patient response and tolerance [192,202,203]:
      
	Divalproex sodium
	Sodium valproate
	Topiramate
	Beta blockers (metoprolol, propranolol, or timolol)
	Frovatriptan
	Timolol


If the patient's response is unsatisfactory, it may help to switch to an alternate class, combine a beta blocker with a TCA, or add a second-line medication [192]. Second-line agents are considered probably effective according to available evidence and may be employed for patients who do not respond to initial therapy. These medications include [192,202,203]:
      
	Venlafaxine
	Amitriptyline
	Atenolol, nadolol
	Naratriptan, zolmitriptan
	Naproxen, naproxen sodium


Good studies have demonstrated the effectiveness of the herb butterbur (Petasites hybridus) in preventing migraines [196]. Butterbur may be useful to patients with migraine to reduce the frequency and severity of migraine attacks. Patients on butterbur require monitoring of liver enzymes [203]. Additionally, the AAN/AHS found moderate evidence of effectiveness for riboflavin, magnesium, and feverfew [203].


TENSION-TYPE HEADACHE



The lifetime prevalence of tension-type headaches are common, ranging between 30% and 78%. Onset occurs during the teenage years and affects women more frequently, at a ratio of 3:2 [204]. Previous studies in the United States show that tension-type headaches peak in the fourth decade of life. However, European studies show that these headaches persist into the sixth decade of life [204].
The main clinical features of tension-type headache are bilateral mild-to-moderate intensity described as a pressing or tightening sensation in the scalp (not a pulsating sensation). A frequent description is that of a tightening band around the head, with forehead pain sometimes extending into the neck. Routine physical activity, such as walking or climbing stairs, does not worsen tension-type headache pain. The pain can last from several hours to several days. Photophobia, phonophobia, or mild nausea may be present [190].
Tension-type headache is further subtyped based on frequency of symptoms. These headaches are classified as episodic tension-type headache (<15 headache days/month) or chronic (≥15 day/month for 3 months) [190].
Tension-type headache diagnosis is based on the patient's description of an otherwise "featureless" headache and normal neurologic examination. Manual palpation may reveal tenderness of pericranial muscles, the most common objective finding in tension-type headache. Additional symptoms other than headache heighten the importance of further diagnostic workup. Patients reporting an increasing pattern of headache frequency should be evaluated further for medication (analgesic) overuse headache, as chronic tension-type headache is often associated with this behavior [204].
Pathophysiology



Muscular and psychogenic factors contribute to tension-type headache etiology. Patients with chronic tension headaches (longer than five years) have shown lower cortisol levels, likely due to hippocampal atrophy resulting from the effects of chronic stress [204]. Combined myofascial dysfunction and central nociceptive dysregulation is also thought to contribute to tension-type headache, with increasing central nociceptive alteration resulting in progression of tension-type headache from episodic to chronic [205,206].

Treatment



The treatment of acute tension headache generally consists of over-the-counter pain relievers, including NSAIDs, acetaminophen, aspirin, and combination medications [190,192,193]. Use of drugs for acute treatment for more than nine days per month is associated with an increased risk of chronic daily headache [192]. Patients who experience more than 15 tension headaches per month require prophylactic treatment with venlafaxine XR, amitriptyline, or another TCA [190]. Acupuncture has also been shown to improve symptoms. Codeine and stronger opioids are not indicated, and botulinum toxin is ineffective [190,192,193].


CLUSTER HEADACHE



The exact prevalence of cluster headache in the United States is unknown but is estimated to be 0.4% in men and 0.08% in women. The age of onset is typically 20 to 40 years of age but has been reported in patients as young as 1 year and up to 79 years of age [207].
The main clinical feature of cluster headache is severe and excruciating pain that is more severe than any other headache type, which has earned cluster headache the term "suicide headache" [192]. In fact, there are reports of suicidal behavior in patients frantically desperate to stop the pain. Other clinical features include unilateral distribution around and above the eye and along the side of the head or face; pain sensation described as sharp, boring, burning, throbbing, or tightening; and a restless or agitated state during the headache [190].
Autonomic features are associated with cluster headache, including ipsilateral conjunctival injection and lacrimation, rhinorrhea or nasal blockage, and ptosis [193]. Although all may not be present, the presence of one or two secures a cluster headache diagnosis. Cluster headache is subtyped as episodic, with daily attacks lasting 15 to 180 minutes for several weeks followed by a period of remission, or chronic, whereby attacks occur without significant remission [192]. The average patient experiences a cluster period of 6 to 12 weeks, followed by remissions as long as 12 months. Cluster headache is diagnosed by patient history and physical examination, with imaging studies used only to rule out other causes [190].
Pathophysiology



Although the underlying pathophysiology of cluster headache is incompletely understood, an underlying mechanism in cluster headache is thought to involve trigeminovascular nociceptive pathway activation and reflex cranial autonomic activation. Central sensitization induces alteration in trigeminal-facial neuronal circuitry and dysregulation in serotonergic raphe nuclei-hypothalamic pathways. Functional imaging has confirmed the highly specific activation of hypothalamic gray in cluster headache attacks, suggesting its involvement in initiating the pain process [207,208].
Sensory-motor impulses generated in the maxillary and ophthalmic divisions of the trigeminal nerve are relayed to the sphenopalatine ganglion and interior carotid perivascular sympathetic plexus. This signaling is propagated by substance P neurons, and somatostatin inhibits substance P to reduce the duration and severity of cluster headache. Vascular dilatation, secondary to primary neuronal discharge, contributes to cluster headache pathogenesis, and the sudden release of histamine (or serotonin) seems to play a role [209,210].

Treatment



Acute cluster headache is treated with subcutaneous sumatriptan or intranasal zolmitriptan, interventions proven highly effective for these patients [192,193]. Some have studied 20-mg sumatriptan nasal spray, but this route is not recommended. Other possible approaches include DHE and supplemental oxygen [192]. A 2014 literature review of six studies (five randomized-controlled studies) found that flow rates of 7–12 L/min effectively treated cluster headaches in approximately 80% of participants [211]. Oxygen inhalation is highly effective when delivered at the onset of an attack with a nonrebreathing facial mask at a flow rate of 7–15 L/min [192]. Analgesics, ergotamine tartrate, and orally administered triptans are ineffective and should not be used [190,192,193].
Galcanezumab, a humanized monoclonal antibody, was approved by the FDA in 2018 for migraine prophylaxis. It acts by blocking the CGRP pathway by targeting the ligand itself [36]. Studies have shown galcanezumab to be efficacious in reducing monthly migraine headache days, monthly migraine headache days with acute medication use as well as improving response rates and functional and disability scores [212,213]. Other monoclonal antibodies targeting the CGRP pathway include fremanezumab (approved in 2018) and eptinezumab (approved in 2020), which target the ligand, and erenumab (approved in 2018), which blocks the receptor [214]. These three agents, as well as galcanezumab, are approved for migraine prevention [36]. Galcanezumab is the only agent shown to be efficacious in cluster headache as well [215].
Bridge treatment for quick suppression of attacks until maintenance treatment reaches therapeutic level consists of corticosteroids, oxygen, and occipital nerve block. For sustained suppression of attacks over the expected cluster cycle, the first-line medications are verapamil, corticosteroids, lithium carbonate, divalproex sodium, and topiramate [192,193,209]. Antihistamines may also be helpful. Patients should also be advised to avoid alcohol, tobacco smoke, and certain foods during the cluster cycle [209].


MEDICATION OVERUSE HEADACHE



Medication overuse headache is a chronic headache resulting from treatment of any primary headache, most commonly migraine.
Medication overuse can alter the clinical features of the underlying primary headache by increasing headache frequency such that episodic headache (<15 headache days/month) progresses to chronic headache (≥15 headache days/month for more than three months); increasing the pain distribution, with unilateral headache becoming bilateral; and altering pain sensation, with the typical pulsating migraine pain changing into dull pain [192]. If ingested more than 10 days per month, NSAIDs, acetaminophen, ergotamines, compound analgesics, triptans, and opioids can all lead to overuse headache. The risk of overuse headache differs between substances; ergotamines, opioids, and triptans are associated with greater risk than over-the-counter analgesics [192]. The diagnosis of medication overuse headache is based on headache improvement/resolution, usually within days, when the offending drug(s) is withdrawn [190].


9. ENDOMETRIOSIS



Endometriosis is an estrogen-dependent syndrome that is a major cause of pelvic pain in women of reproductive age [216]. Symptomatic endometriosis is believed to occur in approximately 6% to 10% of women of childbearing age, although this figure is probably an underestimate, as confirmation of the disease requires an invasive diagnostic procedure [217,218]. Risk factors for endometriosis include an anomalous reproductive tract that obstructs menstrual outflow, nulliparity, and infertility [219].
Endometriosis is characterized by benign aberrant growth of endometrial tissue outside the uterus in the dependent region of the pelvis. These abnormal tissues are sometimes referred to as ectopic growths. They develop in the ovaries in roughly 66% and the pelvic lymph nodes in roughly 30% of cases [220].
Endometriosis is usually diagnosed via laparoscopy to further investigate patient complaints of secondary dysmenorrhea and dyspareunia. The most common symptoms include pelvic pain before and/or during menstruation, pain during/after sexual activity, fatigue, infertility, heavy bleeding, intestinal upset, painful bowel movements, and low back pain during periods [4,221].
Many patients experience pain disproportionate to the presence or extent of endometriotic lesions. This pain syndrome is diagnosed on the basis of chronic or recurrent pelvic pain in patients with confirmed endometriosis that persists despite adequate endometriosis treatment. It is often associated with negative cognitive, behavioral, sexual, or emotional distress and often with symptoms suggestive of lower urinary tract, sexual, bowel, or gynecologic dysfunction. Roughly 20% of patients with endometriosis experience comorbid pain conditions, including irritable bowel syndrome, interstitial cystitis/painful bladder syndrome, vulvodynia, migraine, fibromyalgia, and/or autoimmune disorders [4,218]. The chronicity and absence of correlation with the menstrual cycle suggests that these associated pain syndromes reflect, in part, alterations within the CNS [222]. Epidemiologic data indicate an association between endometriosis and chronic pelvic pain, with endometriosis found in one-third of younger women who undergo surgery for chronic pelvic pain versus 5% in those who do not have infertility or chronic pelvic pain [222].
PATHOPHYSIOLOGY



The pain of endometriosis is in part caused by a chronic, localized inflammatory disorder involving dysregulated immune and endocrine function. Significant immune system alterations have been found that facilitate survival and growth of displaced endometrial tissue. In brief, the immune response is elicited by displaced endometrial tissue that fails to clear the menstrual debris yet retains the capacity to generate proinflammatory cytokines and chemokines that stimulate ongoing inflammation. Under these conditions, endometrial cells exhibit a hypersensitivity to inflammatory stimuli, which serves to propagate tissue growth within the peritoneal cavity [218,223]. In addition, the usual endometrial responsiveness to progesterone is blunted, resulting in the loss of local immunosuppressive activity of this steroid and disordered communication between endocrine and immune systems. It is unclear whether progesterone resistance is the cause or effect of disease progression. It is possible that, in some women, altered immune function produces progesterone resistance, while in others, resistance represents an endometrial phenotype that promotes the persistence and progression of the inflammatory state [217].
A key factor in the perpetuation of endometriosis pain is central sensitization by persistent nociceptive input from the affected tissue, manifested by somatic hyperalgesia and an increase in referred pain areas [216,223]. Findings indicative of CNS mediation of pain include relapsing pain in cases initially alleviated by surgical resection, even in the absence of new lesions; lack of association between pain severity and extent of disease; and an inverse relationship between the likelihood of relapse and the initial extent of disease. These and other findings reflect CNS remodeling such that pain reappears in the absence of obvious nociceptive input from new endometrial lesions [222]. Multiple factors influence the risk for and extent to which CNS sensitization follows local tissue neuronal stimulation and whether central sensitization remains dependent upon, or becomes independent of, peripheral disease activity. Such factors include menstruation, uterine and ovarian function, hormone levels, parity, vaginal delivery, peritoneal fluid, and lesion type and location [222].
Ectopic growths become innervated by an ingrowth of nerves from adjacent tissues. The resultant sensory and autonomic nerve input leads to an alteration of neuronal activity in the spinal cord and brain, which augments endometriosis pain perception [224]. Sensory C, sensory A-delta, sympathetic, and parasympathetic nerve fibers have been observed in the functional layer of endometrium of most women affected by endometriosis. Nerve fiber densities were also greatly increased in the myometrium of women with endometriosis and in endometriotic lesions compared with normal peritoneum [224]. An active research field in endometriosis is the investigation of the distribution and genesis of nerve fibers in ectopic endometrium and the use of endometrial nerve fiber density for diagnostic purpose. This field may help elucidate the molecular mechanisms underlying endometriosis-associated pain and open new avenues for diagnostics and therapeutics [225].

TREATMENT



Numerous pain therapies have been endorsed in practice guidelines by national and international organizations. The recommendations discussed in this section for the treatment of endometriosis pain were published by the Society of Obstetricians and Gynaecologists of Canada, the American College of Obstetricians and Gynecologists, the American Society for Reproductive Medicine, the World Endometriosis Society, and the National Institute of Child Health and Human Development [219,226,227,228,229].
Unfortunately, the available analgesic, anti-inflammatory, surgical, and hormonal therapies all have unpleasant side effects and often prove unsatisfactory in providing durable pain control for many patients [219]. This is due in large part to the focus on treating or eliminating tissue growths, which is not necessarily effective in ameliorating the pain. For many, painful endometriosis is a chronic and potentially debilitating disease that requires a multidimensional therapeutic approach [219].
Effective management of chronic pain for these patients requires a shift in emphasis from ectopic tissue resection to a recognition of the role played by peripheral and central nervous sensitization in perpetuating the discomfort. This approach is in its infancy, and research efforts are just beginning to explore novel compounds that target growth factors, inflammation, angiogenesis inhibitors, and the endocannabinoid system [222].
Lifestyle Interventions



Lifestyle and dietary interventions have been recommended for all women with endometrial pain. Preliminary evidence supports a diet emphasizing vitamins, minerals, salts, lactic ferments, and fish oil as a postsurgical intervention. Fish oil supplementation (for omega-3 fatty acids) has also been suggested. Some studies have found positive results with a gluten-free diet, but confirmation with RCTs is necessary [219,226,227,228,229].

Pharmacotherapy



First-line pharmacotherapy often includes the use of NSAIDs and/or acetaminophen for acute pain relief. However, a series of Cochrane analyses found no evidence that NSAIDs are effective in managing pain caused by endometriosis and that they may cause unintended effects [230]. A comparative review of eight widely used guidelines found agreement on the use of combined oral contraceptive pills and progestins (e.g., medroxyprogesterone acetate, norethisterone, dienogest) [231]. If this approach is not effective in managing painful episodes, second-line options include [218,219,226,227,228,229,232]:
      
	Opioids
	Gonadotropin-releasing hormone (GnRH) agonists with add-back hormone replacement
	Levonorgestrel-releasing intrauterine system
	Depot progestins
	Aromatase inhibitors
	Selective progesterone receptor modulators
	GnRH antagonists


Third-line therapies, reserved for women who do not respond to first- and second-line approaches, include gestrinone (not available in the United States) and danazol [36,219,226,227,228,229]. However, a Cochrane review found no benefit from ovulation suppression in subfertile women with endometriosis who wish to conceive [233]. According to several reports, cannabidiol (CBD) oil (10%) seems to have a positive effect. Many patients also report that using cannabis has a positive impact. The intake of tetrahydrocannabinol (THC) oil might also be an option but has to be prescribed by the pain therapist. In individual cases, this has proved to be helpful [232].
Several complementary therapies have been assessed for efficacy in addressing symptoms of endometriosis. Both acupuncture and high-frequency transcutaneous electrical nerve stimulation (TENS) have shown promise. Two randomized studies evaluated specific versus sham acupuncture for endometriosis pain and both reported significantly better pain relief with true acupuncture [234,235]. No RCTs supporting the utility of TENS have been published [219,226,227,228,229]. Chinese herbal medicine may be helpful, although almost all supporting evidence has been published in Chinese journals and may be difficult to replicate.

Surgery



The guidelines agree that laparoscopic surgical removal of ectopic endometrial tissue is first-line therapy for painful endometriosis [219,226,227,228,229]. Laparoscopic surgery is preferred over laparotomy in most cases. Lesions should be excised after identification, especially in cases of deep endometriotic lesions. Laparoscopic excision is preferred for ovarian endometriomas to minimize recurrence of endometrioma and pain. However, the best surgical approach to deep endometriosis is not known. Highly specialized surgical expertise is required for surgery of deep endometriosis and should only be performed within specialized centers [219,226,227,228,229].
Adding laparoscopic uterine nerve ablation to laparoscopic removal of endometriosis is considered ineffective. Presacral neurectomy may benefit a small number of women, but potential harms outweigh benefits [219,226,227,228,229].



10. SICKLE CELL DISEASE



In the United States, an estimated 100,000 people are afflicted by sickle cell disease and 2,000 infants are born with sickle cell disease annually [236,237]. Sickle cell disease is predominantly found in persons of African descent; other groups with heightened risk include those of South or Central American, Caribbean, Mediterranean, Indian, and Saudi Arabian descent (typically areas in which malaria is endemic) [237,238]. The condition is chronic and lifelong and is associated with a decreased lifespan. Median survival in the United States is 42 years for men and 48 years for women, although innovations in disease management are improving long-term survival [239].
There are three main types of sickle cell disease defined by the specific genetic combination [237]. The most severe form is HbSS, commonly referred to as sickle cell anemia. Patients with this type have inherited one sickle cell gene from each parent. Persons who have inherited a sickle cell gene from one parent and a gene for abnormal hemoglobin from the other parent have the HbSC type. This is usually a milder form of sickle cell disease. The final type is HbS beta thalassemia, which is characterized by inheritance of a sickle cell gene from one parent and a gene for beta thalassemia, another type of anemia, from the other parent. There are two types of beta thalassemia: "zero" (HbS beta0) and "plus" (HbS beta+). Those with HbS beta0-thalassemia usually have a severe form of sickle cell disease, while those with HbS beta+ tend to have a milder form [237].
Even more prevalent than sickle cell disease is sickle cell trait. This condition is present in persons who inherit a sickle cell gene from one parent and a normal gene from the other parent. The ratio of infant carriers of hemoglobin variant traits to infants with sickle cell disease is approximately 50:1 [240]. Those with sickle cell trait are usually asymptomatic and live a normal life, but they can pass the trait on to their children.
Pain is the primary reason that medical care is sought by persons with sickle cell disease, usually during an acute pain crisis. Acute pain crises are commonly triggered by dehydration, infection, stress, and changes in body temperature and unfold in four distinct phases [236]:
  
	Prodromal: Lethargy and mild localized pain may develop, but hematologic changes have not yet occurred.
	Initial infarctive: Pain intensity increases from mild to moderate, hemoglobin decreases, and alterations in mood develop. Laboratory findings lag behind patient self-report of symptoms. Prompt physician attention to patient report of symptom onset is essential to initial management.
	Post-infarctive/inflammatory: Severe pain peaks, with intensity that causes patients to seek emergency department or hospital care for pain relief. Laboratory changes include increases in reticulocyte count, lactate dehydrogenase, and C-reactive protein. During crisis, C-reactive protein levels can rise to 70 mg/L, compared with an average 32.2 mg/L in patients with sickle cell disease not in crisis and 10 mg/L in persons without sickle cell disease.
	Resolution: Pain during crisis returns to a moderate intensity following adequate fluid hydration and intravenous analgesics.


In patients with sickle cell disease experiencing pain crises, the lower back, knee/shin area, and hips are the sites most often affected. A higher number of pain sites are found in patients with depression and in those 45 years of age and older [241].
PATHOPHYSIOLOGY



A single nucleotide mutation is the underlying basis of sickle cell disease. It involves alteration of the glutamate for valine in the sixth position of the beta-globin protein, which predisposes hemoglobin to polymerize when deoxygenated, causing red blood cells to assume the characteristic sickle shape. This red blood cell deoxygenation and sickling accounts for sickle cell disease characteristics of anemia, hemolysis, and acute and chronic complications from vascular occlusion that affect multiple organs [242]. The deformed red blood cells tend to clump together to increase blood viscosity, leading to microvascular blockage and ischemia. Pain during an acute crisis is due to ischemic occlusion of the microcirculation from red blood cell aggregation and resultant decreased blood flow to distal tissues. The most common cause of recurrent pain episodes is vaso-occlusion of the microcirculation and destruction of bones, joints, and visceral organs [243]. Chronic pain can occur from complications of sickle cell disease such as avascular necrosis or ankle ulcers superimposed on acute sickle cell pain. Additionally, frequent episodes of acute pain in sickle cell disease can resemble chronic pain [243].
Chronic sickle cell disease pain involves modulation of the afferent nociceptive pathways in the spinal cord (such as the spinothalamic tract) that transmit pain from the periphery to the brain for processing [236]. Neuropathic pain is uncommon [237]. Chronic pain from sickle cell disease can be physically and psychologically debilitating; consistent with chronic pain from other conditions, chronic sickle cell disease pain involves sensation, emotion, cognition, memory, and context [237].
The most common chronic pain syndromes in sickle cell disease include [237]:
    
	Arthritis
	Arthropathy
	Aseptic (avascular) necrosis
	Leg ulcers
	Vertebral body collapse



TREATMENT



No single treatment is effective for all people with sickle cell disease; instead, appropriate treatment options are determined according to symptom severity [237]. Nonpharmacologic prevention includes avoiding dehydration, extreme temperatures, high altitudes (including flying), and low oxygen levels from intense exercise or athletic training [237,244].
For prevention of acute pain episodes, hydroxyurea is most often used [238]. This agent acts by ribonucleotide inhibition and induction of fetal hemoglobin, which possesses superior affinity for oxygen binding. It is FDA-approved for use in adults and children 2 years of age and older and is the only treatment for sickle cell disease that modifies the disease process. Hydroxyurea is effective in reducing pain crises, painful symptoms, need for blood transfusion, and mortality. As such, it represents the backbone of sickle cell disease management. The usual daily oral dose is 15–35 mg/kg [36,238]. Inconsistent adherence reduces its efficacy, and patient adherence can be challenged by the three- to six-month delay between treatment initiation and the onset of clinical response. More frequent follow-up contact with support and encouragement may be needed in some patients.
Management of acute pain episodes may include intravenous fluids, pain-reducing medication or hospitalization (for severe pain crises). Management typically requires stronger analgesic agents, with codeine and tramadol useful for moderate pain and morphine, oxycodone, hydrocodone, and hydromorphone more effective in treating severe and breakthrough pain [237]. For first-time opioid therapy for severe pain, the use of morphine sulfate or hydromorphone is favored. With recurrent pain, the best initial choice of opioid and dose for severe sickle cell pain is that which previously provided adequate analgesia. Intravenous administration is recommended in severe pain. Patients and clinicians may prefer a 5–10 mg loading dose of parenteral morphine or equivalent [237].
L-glutamine (Endari) is approved for patients 5 years of age and older to reduce acute complications of sickle cell disease [36,245]. Taking L-glutamine may lead to fewer hospital admissions, fewer pain crises, less need for blood transfusions, and a lower risk of acute chest syndrome. L-glutamine comes in powder form that should be mixed with cold or room temperature drink or food (e.g., water, milk, apple juice, applesauce). Side effects may include nausea, fatigue, chest pain, and pain in bones or muscles [36,245].
Crizanlizumab-tmca (Adakveo) is a humanized monoclonal antibody that inhibits interactions between endothelial cells, platelets, red blood cells, and leukocytes, which may result in decreased platelet aggregation, maintenance of blood flow, and minimized sickle cell-related pain crises. It is approved for adults and children 16 years of age and older to reduce the frequency of vaso-occlusive crises. Crizanlizumab-tmca is administered IV at an initial dose of 5 mg/kg once every two weeks for two doses, followed by 5 mg/kg once every four weeks thereafter. It may be administered with or without hydroxyurea [36,245].
Voxelotor (Oxbryta) received approval for the treatment of sickle cell disease in adults and pediatric patients 12 years of age and older in 2019 with an expansion to patients aged 4 to 11 in 2021 under the FDA's Accelerated Approval Program. This was based on data from the phase 3 HOPE trial and phase 2 HOPE-KIDS trial. In postmarketing clinical studies in patients with sickle cell disease, higher rates of vaso-occlusive crises and fatal events were reported with voxelotor (compared to placebo) [36,246,247]. In September 2024, the manufacturer announced a voluntary withdrawal of voxelotor and a discontinuation of all active clinical trials and expanded access programs. The decision was based on clinical data that indicates the benefit of the drug does not outweigh the risks for the sickle cell patient population [246,247].


Evidence Based Practice Recommendation

For adults and children with sickle cell disease presenting to an acute
          care setting with acute pain related to sickle cell disease, the American Society of
          Hematology guideline panel recommends rapid (within one hour of emergency department
          arrival) assessment and administration of analgesia with frequent reassessments (every 30
          to 60 minutes) to optimize pain control.
https://ashpublications.org/bloodadvances/article/4/12/2656/460974

             Last Accessed: August 28, 2025
Strength of Recommendation/Level of Evidence:
          Strong recommendation based on low certainty in the evidence about
          effects


Adjunctive medications may also be indicated. Parenteral NSAIDs can reduce opioid requirements and provide greater ease in transition to oral analgesics [236]. Parenteral corticosteroids can be beneficial during crisis phases, but efficacy data beyond the initial 48 hours is lacking.
Intraspinal analgesics should be considered only with insufficient response to maximum-dose systemic opioids and adjuvant medications. Epidural anesthetics alone or with fentanyl can be effective in acute refractory pain [236].
For chronic pain associated with sickle cell disease, long-acting and short-acting opioids, NSAIDs and acetaminophen, and adjuvant medications form the basis of long-term management [236]. Aspirin should be avoided due to the risk of Reye syndrome. Codeine, low-dose oxycodone, or low-dose hydrocodone are preferred for treatment of moderate chronic pain.
In patients requiring chronic opioid therapy, extended-release, sustained-release, or long-half-life opioid formulations are favored because of ease in administration and more consistent analgesia. Specifically, transdermal fentanyl is effective for chronic pain management in patients who are opioid tolerant. Short-acting opioids may be used for rescue dosing early in the treatment regimen, for acute episodes of breakthrough pain or for analgesic bridge until steady-state is achieved with a long-acting formulation [237].
Adjunctive therapy with SNRIs and TCAs can alter pain perception in the spinothalamic tract. Blood transfusion may be necessary for severe anemia. Common antecedents for transfusion necessity include sudden worsening of anemia due to infection and splenomegaly [237,244].
Massage therapy may be effective as a therapy adjunct. Participants in one trial reported significant decreases in pain intensity following massage with a mean pain scale score of 9.6 before massage versus 2.8 after massage [248].
Transplantation is the only known cure for sickle cell disease and involves blood or bone marrow stem cell transplantation. To prevent potentially severe complications, donor-recipient stem cells should be closely matched using human leukocyte antigen (HLA) tissue typing. Unfortunately, only a small number of patients with sickle cell disease are appropriate candidates for stem cell transplantation [244].


11. POSTHERPETIC NEURALGIA



Postherpetic neuralgia is persistent or relapsing pain in an area affected by herpes zoster, also known as shingles. Herpes zoster is a late reactivation of chickenpox, caused by the varicella-zoster virus (VZV). It presents clinically as an acute vesicular skin eruption of dermatomal distribution preceded or accompanied by pain of variable intensity. Patients experience an intense sharp, prickly, or burning sensation, often with tingling and numbness or itching. A cluster rash of fluid-filled vesicles develops within a few days that usually follows a pattern of thoracic, abdominal, or cranial dermatomal distribution. Although resolution of the rash usually occurs within two to four weeks of onset, approximately 30% of patients will develop the severe intractable pain condition of postherpetic neuralgia [249].
Much of the population in the United States has been infected with chickenpox and carries dormant VZV. A chickenpox vaccine was released in 1995 with the belief that it could greatly reduce the number of shingles cases in individuals who received the vaccine [250]. The weakened attenuated virus strain used in the preparation is not likely to survive well over many decades in the body.
Although difficult to estimate, 500,000 to 1 million people are believed to be currently afflicted with postherpetic neuralgia [249]. The risk of developing postherpetic neuralgia following acute zoster is strongly associated with age. The incidence of postherpetic neuralgia is 5% in those younger than 60 years of age, 10% in those 60 to 69 years of age, and 20% in those 80 years of age or older [251]. Other risk factors for postherpetic neuralgia include [249,252]:
  
	Intensity of zoster pain at onset
	Severity of the rash
	Presence and duration of pain before onset of rash
	Psychosocial factors, such as depression
	Female sex
	Immunocompromise


Postherpetic neuralgia can be challenging to manage due to its severity, duration, and potential to induce profound pain and debilitation. The exact definition of postherpetic neuralgia varies, but in general, it is defined as persistent pain at two to four months after the onset or the healing of associated rash. Postherpetic neuralgia pain can be severe and is described as a sensation of continuous burning, throbbing, or electric shock-like discomfort. More than 90% of patients with postherpetic neuralgia experience allodynia, and many also report hyperalgesia or spontaneous pain in areas of lost or impaired sensation. Chronic pruritus may also be present [253].
PATHOPHYSIOLOGY



The onset of herpes zoster begins with reactivation of latent/dormant VZV particles within the trigeminal or spinal dorsal root ganglia. Virus then travels via the neuronal axon to infiltrate sensory terminals in the skin, producing pain and initiating the vesicular eruption. Inflammation leads to nociceptor sensitization, lower activation threshold, and abnormal spontaneous discharge. Neuron damage followed by neurolytic lesions develop in areas of high viral load. Endoneurial inflammation and hemorrhage release virus from infected neurons into adjacent tissues. Injury-associated sensory stimulation and amplified signaling from sensitized nociceptors release glutamate in spinal cord dorsal horn neurons and activate NMDA receptors, resulting in central sensitization [254]. Although risk factors have been identified, the exact mechanisms associated with VZV reactivation remain unknown [255].
While herpes zoster results in neuronal damage in all patients, only some progress to postherpetic neuralgia, indicating that neuronal injury alone is not sufficient for the development of postherpetic neuralgia [254]. The neuritic inflammatory response to the initial viral replication results in necrosis, fibrosis, and destruction of neuronal tissue from peripheral afferent fibers to the spinal cord. The pathophysiology of postherpetic neuralgia remains to be fully understood, but it is thought to involve peripheral and central mechanisms that result from virus-induced damage of peripheral afferent neurons and changes from viral replication and immune responses in central afferent neurons and efferent pain-modulating neurons [252].
Pathologic features of postherpetic neuralgia include severe peripheral axonal loss, nociceptor degeneration, multisegmental dorsal horn atrophy, clinically nonsymptomatic contralateral changes in skin innervation, and deafferentation and strengthening of existing synaptic connections between central pain pathways and peripheral A fibers. How these features initiate or contribute to postherpetic neuralgia pain is not yet understood [252,254].

TREATMENT



Although several therapeutic approaches have shown efficacy in clinical trials and are endorsed for use by clinical practice guidelines, actual pain relief achieved in clinical practice is often unsatisfactory. Some patients show a partial response but discontinue treatment because the side effects offset the level of pain reduction. The incomplete understanding of pathophysiologic mechanisms in postherpetic neuralgia pain hampers the ability to deliver more widely effective, targeted therapies for pain control [252].
The most important strategy for postherpetic neuralgia is prevention of herpes zoster and neuralgia with the VZV vaccine, approved by the FDA in 2006 and indicated for use in adults 50 years of age and older with a history of chickenpox. A second, more effective vaccine was licensed by the FDA in 2017, also for use in adults 50 years of age and older [256,257]. Two doses of the vaccine decreases the incidence of herpes zoster by 98% and reduces the incidence of severe varicella by 100% [256,257]. Moreover, the vaccine also reduces the incidence and severity of postherpetic neuralgia by two-thirds in patients who do develop zoster after vaccination [256,257]. However, the vaccine remains seriously underused due to provider and patient unawareness and other factors. With postherpetic neuralgia potentially leading to severe, life-altering chronic pain, the vaccine should be offered to every patient older than 50 years of age with a history of chickenpox [256,257,258].
The severity of pain and duration of a zoster flare can be significantly reduced (50%) by treatment with an oral antiviral drug if started within 72 hours of onset [250,257]. Three such antivirals are available: acyclovir (the least expensive), valacyclovir (often preferred because of less frequent dosing), and famciclovir. These antivirals may also decrease the risk of postherpetic neuralgia and the frequency of recurrences if taken prophylactically [250,257].
Other therapies with a strong evidence base for acute zoster pain include opioid analgesics (e.g., morphine, oxycodone, methadone, tramadol) for moderate or severe pain, a short course of systemic corticosteroid therapy in non-immunocompromised patients, and sympathetic nerve block [259].
The American Society of Anesthesiologists Task Force on Chronic Pain Management/American Society of Regional Anesthesia and Pain Medicine, the European Federation of Neurological Societies, and the American Academy of Neurology also recommended gabapentin, pregabalin, amitriptyline, nortriptyline, desipramine, and/or lidocaine patch as possibly effective therapeutic options for postherpetic neuralgia pain [18,260,261]. Alternatives include capsaicin 8% patch, opioids, and valproate (weak positive evidence). Lidocaine cream, spray, and gel are also effective [256].
More intense therapies are available for treatment-refractory pain, but significant side effects are possible. Established guidelines indicate that intrathecal preservative-free steroid injections, intrathecal ziconotide infusion, or spinal cord stimulation are potential options. A trial of neuraxial opioid should be performed before considering permanent implantation of intrathecal drug delivery systems. However, a 2013 small-sample replication study found no benefit from intrathecal methylprednisolone and was halted early over lack of efficacy and safety concerns [262].
The results of two other publications suggest the utility of additional therapeutics in the treatment of postherpetic neuralgia pain. A single-dose RCT found a very high rate of clinically meaningful pain reduction and sleep improvement with botulinum toxin A vs. placebo that persisted for a mean of 16 weeks [263]. In another study, tramadol (50–200 mg/day) was compared to a topical combination of 3.33% doxepin and 0.05% capsaicin for four weeks, and although significant reduction in pain intensity was found in both groups, greater pain reduction was found with tramadol [264].


12. POST-AMPUTATION PAIN



In the United States, an estimated 2.1 million people are living with an amputated limb, and 185,000 amputations occur each year [265]. Populations that experience a significant percentage of these amputations include patients with vascular disease (54%), including peripheral artery disease and diabetes; patients with traumatic injuries (45%); and patients with cancer (less than 2%). In comparison, combat-related major limb amputations among U.S. armed forces peaked in 2011 at 260, with a 2001–2015 total of 1,645 [266].
Of individuals with limb amputation, 60% to 80% experience phantom limb pain [267]. Post-amputation pain can manifest in the residual limb or be referred from a site in the former limb. Phantom-limb pain is commonly confused with pain in the area adjacent to the amputated body part, which is referred to as residual limb pain or stump pain. Residual limb pain and phantom limb pain can co-occur. It is important to note that the term "residual limb pain" is not strictly a diagnosis, as it does not acknowledge the underlying mechanism [268].
Residual limb pain is pain experienced in a part of the limb that was not surgically removed and is considered a normal process during the acute postsurgical period. Persistence of residual limb pain beyond tissue healing or reappearance at a later point is often the result of mechanical factors such as poor prosthetic socket fit, bruising of the limb, chafing or rubbing of the skin, or poor perfusion with ischemic pain. The development of post-amputation neuromas can also cause residual limb pain [269]. The main clinical characteristic involves sharp, often jabbing pain in the stump that develops several weeks to months after amputation and will persist indefinitely if untreated. Residual limb pain can be aggravated by pressure on or infection in the stump. Tapping over the neuroma in the transected nerve or nerves often elicits a pain response [29].
Phantom limb pain is pain experienced in the amputated part of the limb(s) and is the most difficult form of post-amputation pain to manage. As noted, phantom limb pain is experienced by 60% to 80% of amputees, and up to 40% report significantly bothersome symptoms 1 year after amputation [267]. Phantom pain is associated with the intensity and duration of preoperative pain [270].
Phantom sensations commonly occur in amputees and are considered normal. The onset of phantom limb pain can occur months to years following amputation, and the severity and frequency of pain varies greatly. It is subjectively experienced as cramping, aching, burning, or shock-like. A distorted image of the lost limb almost always accompanies phantom limb pain [29].
Phantom sensations should receive medical attention only if they result in discomfort or functional limitation. Altered CNS processing is thought to be the underlying mechanism [270].
PATHOPHYSIOLOGY



As noted, residual limb pain is largely the result of neuroma development in the stump, although the noxious nociceptive input from the neuroma may contribute to and increase the level of central reorganization to elevate the risk of phantom limb pain development [65,271].
The finding that optimal perioperative analgesia reduces the intensity, prevalence, and frequency of phantom limb pain at six-month follow-up is consistent with findings in other pain syndromes that sufficient control of acute pain reduces the risk of chronic pain. This suggests that unchecked pain before and after amputation is likely to induce neuronal plasticity, central sensitization, and aberrant processing of pain and sensory input [272].
The underlying sustaining mechanisms in phantom limb pain are believed to originate from changes along the neuraxis. At the spinal level, these alterations include increased dorsal horn neuron excitability, reduction in inhibitory processes, and structural changes at the central nerve endings of the primary sensory neurons, interneurons, and projection neurons. Changes at the supraspinal level occur in the brainstem, thalamus, and cortex. Imaging studies have demonstrated reorganization in the somatosensory cortex and at the thalamic level that mediates the representation of the phantom limb and perception of phantom limb pain [65].
The somatosensory cortex is also the site that mediates the development and activation of somatosensory memory. Two types of somatosensory memories have been identified in patients with phantom limb pain: memories resulting from long-lasting, intensely distressing pre-amputation pain and those arising from flashbacks with pain a component of the trauma memory. It is believed that inappropriately stored or chronically activated pain memories may play a significant role in the maintenance of phantom limb pain. This forms the basis of interventions in phantom limb pain that are effective with other populations in facilitating reprocessing and disengagement from traumatic memories [273].
Psychological factors are likely to play a role in modulating phantom limb pain. The pain may be exacerbated by stress, and patients who lack adaptive coping skills or have little social support are likely to report higher levels of phantom limb pain [65].

TREATMENT



Residual limb pain can be managed by [271]:
    
	Switching or adjusting the prosthesis to avoid pressure on neuromata
	Pharmacologic therapy
	Resecting the neuromata so it no longer occupies the pressure areas
	Stretching and strengthening exercises
	Transcutaneous osseointegration


Treatments are directed at the cause and may also include prosthesis modification, discontinuance of prosthesis use until healing, and analgesics [271].
Transcutaneous osseointegration is an alternative for patients who have experienced problems from a socket-secured prosthesis, including residual limb pain. This reconstructive procedure involves inserting a biocompatible implant directly into the residual bone to modify the interface between the residual limb and traditional socket. Benefits include improved proprioception, balance, and mobility; elimination of skin problems from friction and pressure between the residual limb and a socket; and reduced nerve pain [271].
Recommendations for pharmacotherapy in phantom limb pain are complicated by the paucity of trials comparing different therapeutics and routes of administration. The few published RCTs have shown inconsistent results [274]. This modest evidence base has resulted in few evidence-based practice guidelines being published, and treatment recommendations have often been based on expert opinion and uncontrolled studies [267].
Findings that neuroplastic changes in the CNS contribute to phantom limb pain, that CNS neuroplasticity can be reversed, and that reversal is correlated with extent of pain reduction has led to novel neuromodulatory treatment strategies. Evaluation of these approaches is in the early stages, and mirror therapy has received the most evaluation of these approaches [275].
Phantom limb pain should be managed using a multidisciplinary approach that combines evaluative management, desensitization, psychotherapy, and pharmacotherapy. Evaluative management includes optimal prosthetic fit and resolving residual limb pain or inflammation, remote hip pain, or lower back pain, as these can exacerbate phantom limb pain. The Veterans Administration/Department of Defense (VA/DoD) guideline for rehabilitation of lower limb amputation recommends that risk reduction for phantom limb pain begin prophylactically with sufficient pre- and postamputation pain control [269]. Opioid analgesics should be considered in the immediate postoperative phase. The VA/DoD recommends against initiation of long-term opioid therapy for chronic pain and instead recommends alternatives to opioid therapy, including self-management strategies and other nonpharmacologic treatments. Nonopioids are recommended over opioids [269]. Transition to non-opioid pharmacotherapy combined with physical, psychological, and mechanical modalities should be considered throughout the rehabilitation process and should be tailored based on risk assessment and individual patient needs and characteristics [269]. Treatment should target pain related to the residual and/or phantom limb and address pain in other anatomic areas from a primary care approach. Desensitization is believed to reduce pain in the residual limb and may help the amputee accept his or her new body image. Desensitization involves the use of TENS, and guideline authors recommend that TENS be used as part of a multimodal approach to pain management for phantom limb pain [18]. The VA/DoD is conducting a small pilot study to evaluate the effectiveness of TENS for management of amputation pain [276].
Psychotherapy has been found effective in reducing pain from amputation and can inform the pain physician of the underlying mechanism (e.g., muscle spasm or vascular insufficiency) and thus assist in pharmacologic selection [267]. Mirror therapy, which involves the patient viewing the reflection of their intact limb as he or she performs exercises with the amputated limb, is efficacious in upper and lower extremity phantom limb pain; however, most experts agree that further research is needed [277,278,279,280]. A pilot study evaluated pain outcomes in 10 patients with phantom limb pain using eye movement desensitization and reprocessing, a psychological treatment directed at reprocessing emotional and somatosensory memories. At three-months follow-up, four were pain-free and four had reduced pain. At 2.8-years (mean) follow-up, three were pain-free and two had reduced pain (and four dropped out). These encouraging results require larger-scale replication [273].
No single drug has shown universal effectiveness in phantom limb pain control [274]. However, evidence of morphine and tramadol efficacy is robust and consistent, and both received an efficacy rating of "A" by the European Federation of Neurological Societies Task Force [260]. Patients with phantom limb pain may require higher-dose morphine and tramadol; the daily effective dose was found to be 70–300 mg and 523 mg, respectively [274].
Gabapentin can be effective in reducing pain in some patients, particularly when combined with opioids or TCAs in patients who show partial response to monotherapy with the same agents [274,281]. Two RCTs found that gabapentin led to significant reduction in pain intensity and decreased the use of rescue pain medication compared to placebo [281]. However, a third study found no pain advantage over placebo. The VA/DoD has found conflicting results regarding benefit from use of gabapentin [269].
Other possible pharmacotherapies include clonidine and tizanidine. In one study, clonidine combined with morphine and bupivacaine as preoperative epidural infusion led to a significantly reduced incidence of phantom limb pain and phantom limb sensation [274]. In another, tizanidine at 12 mg/day induced a significant analgesic effect [274].


13. DIABETIC NEUROPATHY



Estimates from 2021 indicate that diabetes affects 38.4 million Americans, or 11.6% of the population, with 1.2 million new cases diagnosed each year [282]. Of persons with diabetes, 5% have type 1 diabetes mellitus, a disease involving autoimmune destruction of pancreatic islet cells and loss of pancreatic insulin production. Type 2 diabetes mellitus accounts for the remaining 95%. Type 2 diabetes is a metabolic disease involving high pancreatic insulin output in the context of diminished muscle, fat, and liver cell response to insulin (i.e., insulin resistance) [282,283].
Among patients with diabetes, as many as 50% of patients have mild-to-severe nerve damage (diabetic neuropathy), and roughly 50% of those 40 years of age and older have impaired foot sensation [284]. Pain with diabetic neuropathy, termed painful diabetic neuropathy, usually involves sensory-motor neurons and is experienced as burning, shooting, or stabbing pain. The feet or lower legs are almost always the sites of pain, and when pain occurs in the arms or hands, it is usually preceded by leg symptoms. Some patients may experience tingling, numbness, or loss of feeling in the extremities [285,286]. In one study, the prevalence of painful diabetic neuropathy in adults with type 2 diabetes was found to be 26.4% [287]. Another study found a prevalence of 21%; however, painful symptoms, with or without diagnosed neuropathy, occur in one-third of all patients with diabetes [288].
Risk factors for diabetic neuropathy include poor glycemic control in type 1 diabetes and hypertension, obesity, and dyslipidemia in type 2 diabetes. Smoking and diabetes duration are likely risk factors in both diabetes forms [283,284,289].
Diabetic neuropathy may involve sensory, motor, or autonomic nervous systems and manifest in several focal or diffuse patterns. Pain is determined by the type of neuropathy and the affected nerves [285]. Diabetic neuropathy is categorized as peripheral, autonomic, proximal, focal, symmetrical, or multifocal.
Diabetic peripheral neuropathy begins as pain or loss of sensation in the extremities, particularly the toes, feet, legs, hands, and arms [285]. Diabetic autonomic neuropathy presents as changes in GI, urinary, cardiovascular, or sexual function. Common autonomic symptoms include resting tachycardia, exercise intolerance, and orthostatic hypotension. Diabetic autonomic neuropathy may impair the normal physiologic response to insulin-induced hypoglycemia (e.g. tremor, palpitations, sweating) that patients with diabetes rely upon as warning signs of hypoglycemia and the need to counterbalance insulin with a good, rapid source of glucose [285].
Diabetic proximal neuropathy usually first appears as unilateral pain in the thighs, hips, buttocks, or legs that results in lower extremity weakness and great difficulty in standing from a sitting position. Older patients with type 2 diabetes are most commonly affected by this type [285].
Diabetic focal neuropathy appears as sudden-onset pain or loss of motor function that involves the head, torso, or leg. Pain may become severe, but the neuropathy usually improves over several weeks or months and does not create long-term nerve or tissue damage [285]. Focal neuropathy that occurs in an extremity is also considered to be peripheral [286].
Focal and multifocal neuropathies can manifest as neuropathies in the cranial nerve, the limb, or in truncal areas. They are most commonly seen in patients older than 50 years of age and in those with diabetes spanning multiple decades. Focal neuropathies are often characterized by inflammatory vasculopathy and may spontaneously resolve or show a relapsing course [290].
Distal symmetrical neuropathy is the most common form and represents more than 90% of cases [291]. This neuropathy involves sensory and autonomic neurons and progresses via a fiber-length-dependent pattern. It can appear as a progressive distal axonopathy, typically manifesting as pain, trophic changes in the feet, and autonomic disturbances [290,291]. Length-dependent polyneuropathy displays either an aggressive progression or relatively stable severity over time [290].
PATHOPHYSIOLOGY



Diabetic neuropathy is a heterogeneous disorder, and although the pathophysiology is incompletely understood, several contributory factors have been identified.
There are fundamental differences in the development of diabetic peripheral neuropathy in type 1 and type 2 diabetes. In type 1 diabetes, intensive glycemic control substantially reduces the risk of diabetic peripheral neuropathy. In these patients, emphasis should be placed on glycemic control as an effective approach in preserving nerve function and/or reducing the risk of developing diabetic neuropathy [283,292].
In contrast to type 1 diabetes, intensive glycemic control in type 2 diabetes only modestly reduces risk of diabetic peripheral neuropathy, suggesting that factors other than impaired glucose tolerance contribute to neuropathy development. Obesity, hypertension, dyslipidemia, inflammation, and insulin resistance have been identified as potential mechanisms for the development of neuropathy in type 2 diabetes [293]. With the metabolic syndrome component in type 2 diabetes accounting for the probable mechanism in neuropathy development, risk reduction for neuropathy must address obesity, hypertension, low-density lipoprotein, high-density lipoprotein, and hypertriglyceridemia in patients with type 2 diabetes [283].
In the pathogenesis of diabetic neuropathy, elevated intracellular levels of glucose produce glycosylated end products. The deposition of glycosylated end products around nerve fibers results in demyelination, axonal degeneration, and reduction in nerve conduction velocity. Their deposition around the capillary basement membrane results in basement membrane thickening and capillary endothelial damage. These vascular abnormalities result in diminished oxygen supply and neuronal hypoxia, the onset of neuronal ischemia, and peripheral arterial disease. Activation of nicotinamide adenine dinucleotide phosphate oxidase (NADPH) results in depletion of NADP, elevation of oxidative stress, and generation of oxidative free radicals that aggravate nerve damage [294,295].
The mechanisms of pain development in diabetic neuropathy are not fully known, and the degree of nerve damage does not correlate with the presence or severity of pain [295]. Although decreasing pain symptoms may suggest nerve recovery, progression of neuropathy can result in loss of sensation, also experienced as diminution of pain. It is possible that Aδ fiber demyelination is a greater contributor to neuropathic pain than damage to unmyelinated C fibers. Supportive evidence comes from the finding that damaged A fibers release substance P, a neurochemical associated with allodynia that is normally released only from C fibers [296]. Pathologic changes leading to nerve damage may become permanent, resulting in peripheral and central sensitization. With repeated nerve stimulation, the excitatory neurotransmitter glutamate is released in the dorsal horn, resulting in enhanced postsynaptic effects and disproportionate pain signaling [296].
Nerve damage and pain in distal symmetrical neuropathy primarily involve small-fiber Aδ and C fibers. Small fiber neuropathy manifests in sensory symptoms reflecting peripheral deafferentation. Negative symptoms include thermal and pinprick hypoesthesia, and positive symptoms include burning pain, allodynia, and hyperalgesia [297]. Vascular changes and distal nerve fiber loss in small fiber neuropathy precede loss of nerve fibers in the nerve trunk of lower extremities. The polyol pathway, glycation, reactive oxygen species, and altered protein kinase C activity contribute to pathogenesis [298].

TREATMENT



Pain with diabetic neuropathy can be severe and potentially life-impairing. It often intensifies at night and creates sleep deprivation and fatigue that are aggravated by activity. Until the past decade, pain-reducing therapies were limited in effectiveness by burdensome side effect profiles, and none had received FDA approval for pain with diabetic peripheral neuropathy [285].
Although it will not reverse neuronal damage, improved glycemic control may prevent or delay the development of neuropathy in people with type 1 diabetes and may modestly slow progression in people with type 2 diabetes [286]. As such, blood glucose and serum lipid monitoring, meal planning, physical activity, and compliance with oral medication or insulin should be encouraged [285,286].
Pharmacotherapies are the first-line treatment of pain with diabetic neuropathy. Among the general considerations, lack of efficacy should be judged only after two to four weeks using an adequate dose, as time is necessary to reach full efficacy. Analgesic combinations may be more effective; maximum pain reduction with any one therapy is limited to around 50% [259]. Practice guidelines published by the American Academy of Neurology, the Toronto Expert Panel on Diabetic Neuropathy, and the European Federation of Neurological Societies Task Force recommend a multi-tiered approach in which second- or third-line therapies are indicated for patients lacking response or tolerance to first-line therapies (Table 10) [222,260,261].

Table 10: PRACTICE GUIDELINE RECOMMENDATIONS FOR THE PHARMACOLOGIC TREATMENT OF DIABETIC
        NEUROPATHY PAIN
	Approach	Recommended Pharmacotherapy by Recommending
              Organization
	American Academy of Neurology	Toronto Expert Panel on Diabetic Neuropathy	European Federation of Neurological Societies Task Force
	First-line	Pregabalin	
              TCAs
SNRIs
Anticonvulsants
Opiates
Membrane stabilizers
Alpha-lipoic acid
Capsaicin


            	
              Pregabalin
Gabapentin
Duloxetine
TCAs
Venlafaxine ER


            
	Second- or third-line	
              Opioids (e.g., morphine tramadol, oxycodone CR)
Venlafaxine
Duloxetine
Amitriptyline
Gabapentin
Valproate
Capsaicin
Dextromethorphan


            	
              Opioids (e.g., morphine, tramadol, oxycodone CR)
Spinal cord stimulation


            	
              Opioids
Tramadol
Spinal cord stimulation


            
	CR = controlled release, ER = extended release,
              SNRI = serotonin-norepinephrine reuptake inhibitor, TCA = tricyclic
              antidepressant.


Source: [260,299,300]


The American Diabetes Association recommends gabapentinoids, SNRIs, TCAs, and sodium channel blockers as initial pharmacologic treatments. Opioids, including tramadol and tapentadol, should not be used for treatment of neuropathic pain in diabetes due to the potential for adverse events [286].
For many of these medications, use for neuropathic pain is off-label; they were approved by the FDA for other indications. Many have been associated with questionable side effects (e.g., increased blood pressure and edema from salt retention with fludrocortisones). Nevertheless, multiple clinical studies show benefit for the use of these medications in the treatment of neuropathic pain. Use of these medications is well within the standard of care in most medical communities [284].
Alpha-lipoic acid (ALA) bears special mention as the only pain therapy for diabetic neuropathy that potentially addresses the underlying pathophysiologic process (i.e., reduction of oxidative stress) [301]. One study randomized 460 patients with diabetes to oral ALA 600 mg once daily or placebo [302]. Four-year follow-up found significantly greater numbers of ALA patients reporting symptom improvement with fewer showing progression. A 2006 study found that five weeks of oral ALA 600–1,800 mg once daily resulted in significant improvement compared to placebo in stabbing and burning pain, paresthesia and numbness, and overall patient rating of efficacy [303]. However, these studies did not specifically evaluate changes in nerve conductivity. A 2012 systematic review evaluated 15 RCTs of ALA (mostly from Chinese-language journals) that used nerve conduction velocities as an end point for assessing the effectiveness of therapy on the underlying neuropathologic condition [304]. The pooled outcomes indicate that treatment with ALA (300–600 mg/day IV for two to four weeks) can lead to significant improvement in motor nerve conduction velocity, sensory nerve conduction velocity, and painful symptoms. A 2015 randomized withdrawal trial demonstrated painful symptom reduction from an average total symptom score of 8.9 to an average total symptom score of 2.5 over a 20-week period with a 600 mg/day ALA dose [301].


14. COMPLEX REGIONAL PAIN SYNDROME



Complex regional pain syndrome (CRPS), formerly referred to as reflex sympathetic dystrophy, Sudeck's atrophy, causalgia, algodystrophy, or peripheral trophoneurosis, encompasses two highly similar conditions. In CRPS-I, pain is triggered by tissue injury, while nerve injury triggers the onset of pain in CRPS-II [305,306].
A reported 50,000 new cases of CRPS-I occur annually. CRPS-I has a much higher prevalence than CRPS-II, and the risk of onset increases with age [307]. The incidence of CRPS is greater in women than men by a ratio that varies from 2:1 to 4:1 [308].
The cardinal feature of CRPS is continuous and progressively intense pain that is substantially disproportionate to the severity of the initiating injury or illness. An example is finger or toe injury that results in widespread pain involving the entire arm or leg or that transfers to the opposite extremity. Pain is usually comprised of stimulus-evoked mechanical and thermal allodynia and hyperalgesia and deep somatic allodynia [309]. Emotional stress can exacerbate the pain response [305].
Other sensory, motor, and autonomic abnormalities contribute to CRPS (Table 11) [308,309]. Neurologic symptoms with both peripheral and central elements can increase the diagnostic challenge [310].

Table 11: COMMON CLINICAL CHARACTERISTICS OF CRPS
	Autonomic Abnormalities	Motor Abnormalities	Trophic Changes
	
              Distal extremity swelling, especially in acute phase
Hyper- or hypohidrosis
Vasodilatation or vasoconstriction
Changes in skin temperature


            	
              Weakness
Coordination deficits
Tremor
Neglect-like symptoms of disturbed body perception of affected limb
Dystonia


            	
              Abnormal nail growth
Increased or decreased hair growth
Fibrosis
Thin, glossy skin
Osteoporosis


            


Source: [308,309]


Until the last decade, CRPS was believed to progress through three stages and show an overall time-dependent worsening of symptoms. This concept has been replaced by the concept of distinct CRPS subtypes. These subtypes include a limited syndrome with dominant vasomotor symptoms, a limited syndrome with dominant neuropathic pain and sensory abnormalities, and a full-blown CRPS syndrome with chronic severe pain and abnormal sensory, motor, vasomotor, and/or trophic findings. Cluster analysis of signs and symptoms has been somewhat helpful in understanding subtypes, but the true breakthrough will occur when clinical and biomarker profiles are used to identify distinct CRPS subtypes, predict disease severity and progression, and better inform treatment selection [311,312].
PATHOPHYSIOLOGY



The pathophysiology of CRPS is complex and not fully understood, but substantial progress has been made over the past decade in clarifying the underlying basis. These findings include [65,307,308,309,312]:
    
	Alteration in CNS function expressed by central sensitization, reorganization in the primary somatosensory cortex, and motor cortex disinhibition
	Sympathetic nervous system abnormality resulting from up-regulated adrenergic receptors and functional coupling between sympathetic efferent and sensory afferent fibers
	Immunologic factors such as aberrant expression of human leukocyte antigen, substance P, cytokines, and interleukins
	Neurogenic inflammation, edema, vasodilatation, and increased sweating, likely the result of elevations in systemic levels of calcitonin gene-related peptide
	Elevated neuropeptide concentrations contributing to pain and hyperalgesia
	Genetic and psychological mechanisms also contribute to CRPS


In CRPS, NMDA receptor activity plays a fundamental role in central sensitization and immune system modulation and is essential in the development and persistence of pain. To date, the only therapeutic approach with demonstrated efficacy in achieving short-term pain relief and long-term full remission are NMDA receptor antagonists [312]. Administration of ketamine requires careful monitoring and patient selection. Potential side effects include dizziness, nausea, and increased sympathetic activation. Some patients may experience psychomimetic effects (e.g., hallucinations, dissociation). Carefully assess the risk-to-benefit ratio when considering ketamine therapy for patients with CRPS [313].

TREATMENT



The Reflex Sympathetic Dystrophy Syndrome Association published a fifth edition of its guidelines for CRPS that represent the most comprehensive and current management recommendations [311]. The following treatment recommendations are primarily from this publication.


Evidence Based Practice Recommendation

According to the Reflex Sympathetic Dystrophy Syndrome Association,
          interdisciplinary/multidisciplinary pain management techniques emphasizing functional
          restoration are thought to be the most effective therapy for chronic pain, perhaps by
          resetting altered central processing and/or normalizing the distal environment.
https://rsds.org/wp-content/uploads/2022/06/CRPS-practical-diagnostic-treatment-guidelines-5-edition.pdf

             Last Accessed: August 28, 2025
Level of Evidence: 1 (Meta-analysis or
          systematic reviews)


CRPS should be treated using an interdisciplinary approach, with a focus on functional restoration. Although medication, blocks, and psychotherapy should be available to all patients at treatment onset if warranted, their use is suggested only when patients are unable to make progress in functional improvement. Interdisciplinary pain management techniques stressing functional restoration are the preferred approach because they are the most likely to reset the alteration in central processing and normalize the distal environment [311].
The sequence of physiotherapies recommended for all patients with CRPS is [311]:
    
	Mirror visual feedback, graded motor imagery, reactivation, contrast baths, desensitization, exposure therapy
	Edema control, active flexibility, isometric strengthening, correction of postural abnormalities, diagnosis and treatment of secondary myofascial pain
	Stress loading, isotonic strengthening, gentle and passive range of motion, general aerobic conditioning, postural normalization and balanced use
	Ergonomics, movement therapies, normalization of use, vocational and functional rehabilitation


When patient progress stalls, pharmacotherapy is warranted. Choosing an agent can be difficult, as research regarding CRPS treatment is lacking. Guidance comes from the results of RCTs for other neuralgias, clinical experience, and identification of likely pain generators in the individual patient with CRPS. Pain with ischemic, dystonic, neuropathic, or bony etiology is matched with appropriate analgesic selection (Table 12) [311].

Table 12: ANALGESIC SELECTION FOR RECURRENT OR TREATMENT-RESISTANT
            CRPSa
	Reason for Inability to Begin or Progress	Action
	Mild-to-moderate pain	Simple analgesics and/or blocks
	Excruciating, intractable pain	Opioids and/or blocks or later more experimental interventions (if continued
                non-response)
	Inflammation/swelling and edema	Steroids, systemic or targeted (acutely), or NSAIDs (chronically); immune
                modulators
	Depression, anxiety, insomnia	Sedative analgesic antidepressant/anxiolytics and/or psychotherapy
	Significant allodynia/hyperalgesia	Anticonvulsants and/or other sodium channel blockers or NMDA receptor
                antagonists
	Significant osteopenia, immobility, and trophic
                  changesb	Calcitonin or bisphosphonates
	Profound vasomotor disturbance	Calcium channel blockers, sympatholytics, and/or blocks
	
                aThese strategies are suggested for patients
                    who have been diagnosed with CRPS but who cannot begin or progress in the
                    functional restoration algorithm.
bCertain drugs (e.g., calcitonin) may be
                    associated with analgesia as well as the more primary action.
NMDA = N-methyl-D-aspartate, NSAID =
                    nonsteroidal anti-inflammatory drug.


              


Source: [311]


Anti-Inflammatory Drugs/Immunomodulators



Some patients with CRPS find NSAIDs effective, although certain NSAIDs may have greater efficacy [311]. Ketoprofen is likely to produce a substantial antibradykinin and antiprostacyclin effect along with the expected antiprostaglandin effect.
A demonstration of modest benefit with IV immunoglobulin suggests potential efficacy in targeting immune function and inflammation in CRPS [311]. A trial of low-dose naltrexone is underway, and one small, preliminary trial appears to demonstrate pain reduction after treatment with the epidermal growth factor inhibitor cetuximab [311].
Oral corticosteroids are the only anti-inflammatory intervention with support from RCTs. However, most studies involve early/acute cases, when inflammation is prominent [311]. It is unclear if corticosteroids are beneficial for chronic CRPS, in which pro-inflammatory cytokine levels are lower. Chronic steroid use is contraindicated due to serious adverse effects.

Cation Channel Blockers



Gabapentin has shown efficacy in CRPS, while pregabalin has not yet been evaluated. Carbamazepine 600 mg/day over eight days has been found to substantially reduce pain versus placebo [311]. Oxcarbazepine is often used in place of carbamazepine because of a more favorable side effect profile, and although not yet studied in CRPS, it may be beneficial [311]. Phenytoin is a third-line agent to consider, especially in cases involving ectopic nerve firing, but there are no reported outcomes in CRPS [311].

Augmentation of Monoaminergic Neurotransmission



Tricyclic and heterocyclic antidepressants can be highly beneficial in the treatment of CRPS, and side effect profile determines their selection. For example, doxepin may be a good choice in anxious, depressed, underweight, or insomniac patients, while the greater noradrenergic selectivity of desipramine may be a better choice in overweight or hypersomnolent patients.
SSRIs are ineffective in CRPS and are not supported [311]. Data are lacking for combined SNRIs.

Opioids



Neuropathic pain in CRPS does not predictably respond to opioids to the same extent as acute nociceptive pain, often resulting in dose escalation with no added pain relief but accruing adverse effects. However, opioids are a reasonable second- or third-line treatment option in CRPS [311]. Use of short-acting opioids is often inappropriate, and when indicated, therapy should involve extended-release delivery systems and "pure" (not containing acetaminophen) formulations. The use of short-acting opioids for breakthrough pain has become controversial due to the potential for misuse or abuse [311].
Methadone has the theoretical advantage of NMDA antagonism and is inexpensive [311]. Likewise, tramadol is theoretically appealing due to its dual serotonin/norepinephrine reuptake blockade. Long-term high-dose use of opioids can exacerbate allodynia and/or hyperpathia.

NMDA Receptor Antagonists



The NMDA receptor antagonists MK-801, amantadine, and dextromethorphan have been evaluated in neuropathic pain and CRPS, but toxicity at effective doses has generally been too high. Oral dextromethorphan may be better tolerated and may augment the effect of opioids to decrease opioid dosing requirements. Ketamine has been used topically, orally, and intravenously and is one of the very few therapies demonstrating substantial and durable pain reduction of treatment-refractory CRPS pain [312]. Ketamine trials have effectively controlled side effects with higher-dose co-administration of midazolam or lorazepam, combined with either the a2-adrenergic agonist clonidine or the 5-HT3 antagonist ondansetron [314,315,316,317].
The most dramatic treatment response involved induction of anesthetic-dose ketamine treatment in 20 patients with CRPS unresponsive to all other pain management approaches, including lower-dose 5-day inpatient or 10-day outpatient ketamine protocols. Over five days, patients were infused with ketamine 7 mg/kg/h, midazolam 0.15–0.4 mg/kg/h, and clonidine 0.1 mg. Complete remission from CRPS was observed in all patients at one month, 17 of 20 at three months, and 16 of 20 at six months. Of the 20 patients, 10 remained completely pain free from 5 to 11 years and no longer required any form of pain medication [318]. Consensus guidelines developed by the American Society of Regional Anesthesia and Pain Medicine, the American Academy of Pain Medicine, and the American Society of Anesthesiologists caution that larger studies are needed to quantify efficacy, improve patient selection, refine the therapeutic dose range, and develop a better understanding of the long-term risks of repeated ketamine treatments [319].

Antihypertensives and a-Adrenergic Antagonists



Nifedipine, a calcium channel blocker, has a strong theoretical basis for use in CRPS, and doses up to 60 mg/day can be useful in some patients [311]. Phenoxybenzamine and phentolamine are considered third-line agents for CRPS. Efficacy of phenoxybenzamine is supported, but it is more effective in syndromes under three months in duration. Phentolamine is used much less often due to cost and administration by continuous IV infusion.

Treatment of Bone Pain with Calcitonin or Bisphosphonates



Calcitonin is one of the few CRPS treatments validated by RCTs, and intranasal doses of 100–300 U per day are efficacious for CRPS-related bone pain [311]. Despite the generally positive evidence for calcitonin efficacy, it is rarely prescribed and scarcely available [311]. Bisphosphonates may improve selected subtypes of CRPS, but given the occurrence of rare serious side effects, RCTs are required to confirm beneficial effects [311].

Topical Treatments



A 5% lidocaine patch may have efficacy in some local or focal CRPS phenomena such as allodynia [311]. Dimethyl sulfoxide (50% cream for two months) has been found to significantly reduce pain compared with placebo [311]. Topical capsaicin is often found intolerably painful and unacceptable by patients with CRPS.

Interventional Approaches



Interventional approaches supported for use in patients with CRPS are placed in a three-level sequence. Inadequate or partial response should initiate a stepwise progression moving from less to more invasive, in conjunction with non-interventional therapies [311]. This approach consists of [311]:
      
	Minimally invasive therapies
	Sympathetic nerve blocks
	IV regional nerve blocks
	Somatic nerve blocks



	More invasive therapies
	Epidural and plexus catheter blocks
	Neurostimulation
	Intrathecal drug infusion, such as baclofen



	Surgical and experimental therapies
	Sympathectomy
	Motor cortex stimulation








15. FIBROMYALGIA



An estimated 10 million adults in the United States are afflicted with fibromyalgia, of whom 75% to 90% are female. However, the condition also occurs in men and children of all ethnic groups [320]. Diagnosis is usually made between the ages of 20 and 50 years, and with increasing age comes increased prevalence [320].
The cardinal features of fibromyalgia are widespread pain and tenderness in multiple regions of the body that are not attributable to another condition. In addition to pain and tenderness, patients with fibromyalgia often experience [321,322]:
  
	Morning stiffness
	Tingling or numbness in the extremities
	Headache that may include migraine
	Irritable bowel syndrome
	Sleep disturbances
	Cognitive and memory dysfunction (referred to as "fibro fog")
	Dysmenorrhea
	Restless legs syndrome


Abnormal reactivity to sensory input is also characteristic of fibromyalgia. This includes [323]:
  
	Hypersensitivity to painful stimuli applied to somatic structures, including painful and non-painful sites and normal control areas
	Low pain thresholds to thermal, mechanical, electrical, and chemical stimuli
	Pain increases with repeated stimulation (enhanced temporal summation)
	Temperature sensitivity
	Sensitivity to loud noises or bright lights


Patients with fibromyalgia report either a gradual or a post-traumatic onset. Pain with fibromyalgia is described as a persistent, diffuse, deep, aching, throbbing sensation in muscles that is most often continuous [324,325].
Other chronic pain syndromes can exist along with fibromyalgia, including chronic fatigue syndrome, endometriosis, inflammatory bowel diseases, interstitial cystitis, temporomandibular joint dysfunction, and vulvodynia. Whether these disorders share an underlying common pathologic basis with fibromyalgia is not known [322].
Rheumatic diseases such as rheumatoid arthritis, lupus, and ankylosing spondylitis are risk factors for fibromyalgia. A genetic contribution is suggested by an increased prevalence in patients with a positive family history of fibromyalgia [322].
PATHOPHYSIOLOGY



Emerging evidence strongly suggests that disordered processing in central afferent neurons accounts for the dominant symptoms of pain and tenderness in fibromyalgia [324,326]. The contributory role of augmentation in pain signaling through central sensitization is supported by brain imaging findings consistent with abnormal pain response (e.g., decreased thalamic blood flow and accelerated brain gray matter loss) [325,326]. Dysregulated autonomic, neuroendocrine, neurotransmitter, and neurosensory function and genetic predisposition have all been implicated in fibromyalgia pathophysiology (Table 13) [324,325].

Table 13: COMMON CLINICAL CHARACTERISTICS OF FIBROMYALGIA
	System	Contributory Factors
	Autonomic	Decreased heart rate variance, a tendency for syncope, altered cutaneous
                capillary responsiveness
	Neuroendocrine	Hypothalamic-pituitary-adrenal axis dysfunction, including blunted cortisol
                response, and abnormal growth hormone regulation
	Neurotransmitter	
                Consistently elevated levels of the pro-nociceptive neurotransmitters
                    substance P, glutamate, nerve growth factor, brain-derived neurotrophic factor,
                    and serotonin 2a/3a
Consistently decreased levels in pain-ameliorating neurotransmitters
                    serotonin 1a/b, norepinephrine, and dopamine
Typically normal endogenous opioid system, helping explain the lack of
                    benefit from opioid analgesics


              
	Neurosensory	Central amplification of pain and/or reduced anti-nociception (central
                sensitization, abnormalities of descending inhibitory pain pathway function)
	Genetic	Strong familial aggregation for fibromyalgia; evidence of polymorphism in the
                genes encoding serotoninergic, dopaminergic, and catecholaminergic systems in
                fibromyalgia etiology


Source: [325,326,327]



CLASSIFICATION



In the absence of definitive laboratory tests for fibromyalgia, diagnosis relies on patient history and symptom self-report, physical examination, and manual tender point examination, in accordance with the 2010 standardized criteria established by the ACR. (The ACR criteria were further revised in 2016 to exclude patients with regional pain syndromes [325].) With the diverse symptoms and often vague presentation, the typical patient with fibromyalgia fails to receive an accurate diagnosis for an average of five years [324]. Further complicating the diagnostic process is the considerable symptom overlap with other syndromes such as lupus and rheumatoid arthritis [325]. Fibromyalgia is a diagnosis of exclusion, and patients should be thoroughly evaluated for the presence of other disorders that could be the cause of symptoms before a diagnosis of fibromyalgia is made [324,325].

TREATMENT



The treatment goal in fibromyalgia is to decrease pain and associated symptoms and to improve function and quality of life. No cure is available from any single therapy. The overall treatment effects of single interventions are modest at best, and the management approach with greatest evidence involves pharmacologic therapy combined with nonpharmacologic approaches such as education, exercise, and cognitive-behavioral therapy [325,326]. The atypical nature of fibromyalgia is underscored by it being the only chronic pain syndrome that may be effectively treated with SSRIs [133]. Because the high doses required often cause adverse effects that are poorly tolerated, SSRIs have largely been replaced by dual serotonin/norepinephrine reuptake inhibitors (SNRIs) such as venlafaxine, desvenlafaxine, levomilnacipran, milnacipran, or duloxetine [325]. Only milnacipran and duloxetine are approved for use in fibromyalgia [36].
An interdisciplinary pain rehabilitation program that emphasizes behavioral or cognitive-behavioral interventions combined with conditioning exercise is recommended for patients with partial or substantial disability due to fibromyalgia-related chronic pain [133].
Advances in the understanding of pain transmission help to explain the effective pharmacotherapies for fibromyalgia (Table 14). The efficacy of TCAs is thought to occur through inhibition of serotonin and norepinephrine reuptake in spinal neurons, increasing their synaptic concentration and resulting in descending pain pathway mediation of analgesia. Low-dose TCAs have demonstrated short-term efficacy in patients with fibromyalgia [325]. A systematic review and network meta-analysis that compared the TCA amitriptyline with pregabalin, duloxetine, and milnacipran concluded that amitriptyline was not significantly different from placebo for relief of depression but showed higher efficacy and acceptability in improving sleep, fatigue, and health-related quality of life outcomes [328]. Adverse effects (e.g., dry mouth, drowsiness, weight gain) often limit patient acceptance or and tolerance for TCAs. A useful combination is a TCA (e.g., amitriptyline, nortriptyline) in low dosage at bedtime plus a first-generation SSRI (e.g., fluoxetine, paroxetine), which allows for improved efficacy with lower dosing that can help prevent adverse effects. However, patients taking combinations of serotonin-active drugs should be closely monitored for the development of serotonin syndrome, and all patients taking antidepressants should be carefully monitored for worsening depression or the emergence of suicidal thoughts [325]. Use of amitriptyline for fibromyalgia is off-label [36].

Table 14: PHARMACOTHERAPY FOR FIBROMYALGIA WITH GREATEST EVIDENCE OF EFFICACY
	Drug	Dose Range	Supporting Evidence
	Amitriptyline	10–50 mg	Several RCTs, guideline recommended
	Duloxetine	30–60 mg	FDA approved, several RCTs, meta-analysis
	Milnacipran	25–200 mg	FDA approved, several RCTs, meta-analysis
	Pregabalin	150–450 mg	FDA approved, long-term efficacy demonstrated, guideline recommended
	Gabapentin	1,200–2,400 mg	RCTs, guideline recommended
	Cyclobenzaprine	10–40 mg	One meta-analysis
	Fluoxetine	20–60 mg	Three small RCTs
	Naltrexone	4.5 mg	One small RCT
	Paroxetine	20 mg	One large RCT
	Tramadol	50–300 mg	Guideline recommended
	RCT = randomized controlled trial.


Source: [329]


The three FDA-approved drugs for fibromyalgia—duloxetine, milnacipran, and pregabalin—have been found superior to placebo on many measures, the exceptions being duloxetine for fatigue, milnacipran for sleep disturbance, and pregabalin for depressed mood [330]. Comorbid depression may not respond to the primary agent or the dose used to treat fibromyalgia, and separate antidepressant therapy may be required [329]. A 2012 Cochrane review of monoamine oxidase inhibitor efficacy in fibromyalgia found statistically significant improvement with pirlindole versus placebo in pain, tender points, and patient and physician assessment [331].


16. CONSIDERATIONS FOR NON-ENGLISH-PROFICIENT PATIENTS



Cultural and demographic factors may contribute to lack of effective pain
      management. Expression of pain and the use of pain medication differ across cultures. For
      example, Hispanic and Filipino patients have been shown to be reluctant to report pain because
      of fear of side effects or addiction [332].
      Even when effective opioids have been prescribed, access may be difficult, as inadequate
      supplies of opioids are more likely in pharmacies in primarily non-White neighborhoods.
      Communication with patients regarding level of pain is a vital aspect of caring for patients
      in the end of life. 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.

17. CONCLUSION



In the past decade, breakthroughs in the scientific knowledge of pain pathophysiology have dramatically transformed our understanding of how pain develops, progresses, persists, and responds to intervention. Consequently, some of the more established past strategies for treating chronic pain are now being challenged by research evidence. In turn, these advances in pain science have the potential to greatly assist healthcare providers in delivering more effective pain management care, partially through greater elucidation of disease-treatment relationships. The prevalence of chronic pain syndromes in the United States is expected to continue rising, in relation to an aging population, increasing rates of obesity and diabetes, continued advances in lifesaving trauma interventions, poorly managed postsurgical pain, and greater public awareness of pain as a condition warranting medical attention.
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Choosing an antibacterial agent can be challenging, given the wide array of drugs
        available. Learning the important properties and uses of these drugs is made easier by the
        fact that they are grouped in classes based on their biochemical structure. Members of a
        drug class share characteristics such as clearance, mechanism of action, absorption, and
        side effects; knowing these shared properties makes it easier to choose the appropriate
        agent for a particular patient. In addition, it is easier to quickly grasp the strengths and
        weaknesses of a newly marketed antibiotic if you understand the general pharmacology of its
        class. A good grasp of the use of specific agents to target specific bacteria leads to
        improved clinical response to treatment and a decrease in the likelihood of the development
        of microbial resistance. This course is intended as an overview of the general
        characteristics of the major antibiotic classes, with a brief discussion of the individual
        agents and indications, giving greater perspective to the actions and characteristics of
        antibiotics. Due to the large number of antibiotics available, this course focuses on eight
        major classes of antibiotics: the penicillins, cephalosporins, other beta-lactams,
        aminoglycosides, macrolides, quinolones, sulfonamides, and tetracyclines. A brief discussion
        of vancomycin and the newer glycopeptide analogues is also included.
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Course Overview



Choosing an antibacterial agent can be challenging, given the wide array of drugs
        available. Learning the important properties and uses of these drugs is made easier by the
        fact that they are grouped in classes based on their biochemical structure. Members of a
        drug class share characteristics such as clearance, mechanism of action, absorption, and
        side effects; knowing these shared properties makes it easier to choose the appropriate
        agent for a particular patient. In addition, it is easier to quickly grasp the strengths and
        weaknesses of a newly marketed antibiotic if you understand the general pharmacology of its
        class. A good grasp of the use of specific agents to target specific bacteria leads to
        improved clinical response to treatment and a decrease in the likelihood of the development
        of microbial resistance. This course is intended as an overview of the general
        characteristics of the major antibiotic classes, with a brief discussion of the individual
        agents and indications, giving greater perspective to the actions and characteristics of
        antibiotics. Due to the large number of antibiotics available, this course focuses on eight
        major classes of antibiotics: the penicillins, cephalosporins, other beta-lactams,
        aminoglycosides, macrolides, quinolones, sulfonamides, and tetracyclines. A brief discussion
        of vancomycin and the newer glycopeptide analogues is also included.

Audience



This course is designed for healthcare providers who prescribe and administer antibiotics to patients, including physicians, physician assistants, pharmacists, pharmacy technicians, nurses, nurse practitioners, and surgical technologists and assistants.

Accreditations & Approvals



In support of improving patient care, TRC Healthcare/NetCE is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team. NetCE is approved to offer continuing education through the Florida Board of Nursing Home Administrators, Provider #50-2405. 

Designations of Credit



This activity was planned by and for the healthcare team, and learners will receive 5 Interprofessional Continuing Education (IPCE) credit(s) for learning and change.

 NetCE designates this enduring material for a maximum of 5 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. NetCE designates this continuing education activity for 5 ANCC contact hour(s). NetCE designates this continuing education activity for 5 pharmacology hour(s) for physician assistants. NetCE designates this continuing education activity for 5 pharmacotherapeutic/pharmacology contact hour(s). NetCE designates this continuing education activity for 6 hours for Alabama nurses. NetCE designates this activity for 5 ACPE credit(s). ACPE Universal Activity Number: JA4008164-0000-24-006-H01-P. 

Successful completion of this CME activity, which includes participation in the evaluation component, enables the participant to earn up to 5 MOC points in the American Board of Internal Medicine's (ABIM) Maintenance of Certification (MOC) program. Participants will earn MOC points equivalent to the amount of CME credits claimed for the activity. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABIM MOC credit. Completion of this course constitutes permission to share the completion data with ACCME.

 Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 This activity has been approved for the American Board of Anesthesiology’s® (ABA) requirements for Part II: Lifelong Learning and Self-Assessment of the American Board of Anesthesiology’s (ABA) redesigned Maintenance of Certification in Anesthesiology Program® (MOCA®), known as MOCA 2.0®. Please consult the ABA website, www.theABA.org, for a list of all MOCA 2.0 requirements. Maintenance of Certification in Anesthesiology Program® and MOCA® are registered certification marks of the American Board of Anesthesiology®. MOCA 2.0® is a trademark of the American Board of Anesthesiology®.

 Successful completion of this CME activity, which includes participation in the activity with individual assessments of the participant and feedback to the participant, enables the participant to earn 5 MOC points in the American Board of Pediatrics' (ABP) Maintenance of Certification (MOC) program. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABP MOC credit.

 This continuing education activity is approved for 8.5 CE credits by the Association, and Associate members of AST of Surgical Technologists, Inc., for continuing education for the Certified Surgical Technologist, Certified Surgical First Assistant, and Associate members of AST. This recognition does not imply that AST approves or endorses any product or products that are included in the enduring materials. 
Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.

 This home study course is approved by the Florida Board of Nursing Home Administrators for 5 credit hour(s). AACN Synergy CERP Category A. 

Individual State Nursing Approvals



In addition to states that accept ANCC, NetCE is approved as a provider of continuing education in nursing by: Alabama, Provider #ABNP0353 (valid through July 30, 2029); Arkansas, Provider #50-2405; California, BRN Provider #CEP9784; California, LVN Provider #V10662; California, PT Provider #V10842; District of Columbia, Provider #50-2405; Florida, Provider #50-2405; Georgia, Provider #50-2405; Kentucky, Provider #7-0054 through 12/31/2027; South Carolina, Provider #50-2405; West Virginia RN and APRN, Provider #50-2405. 

Special Approvals



This activity is designed to comply with the requirements of California Assembly Bill 1195, Cultural and Linguistic Competency. 

Course Objective



The purpose of this course is to provide a review of the major classes of antibiotics and their characteristics as well as an overview of selected individual agents within each class that are most useful for today's clinical practitioner.

Learning Objectives



Upon completion of this course, you should be able to:
	Describe the general characteristics and mode of action of antibiotics commonly in use.
	Employ best practice principles for limiting the emergence and transmission of antimicrobial-resistant strains within the healthcare environment, including in surgical practices.
	Discuss the mechanism of action, pharmacokinetics, and spectrum of activity of natural and extended-spectrum penicillins.
	Select the most appropriate, cost-effective cephalosporin based on "generational" characteristics and spectrum of activity.
	Describe the role of carbapenems and monobactams.
	Discuss the characteristics, expected toxicities, and indications for the use of aminoglycosides, macrolides, and sulfonamides.
	Outline the mechanism of action, pharmacokinetics, and advantages inherent to quinolones and the tetracyclines.



Faculty



Donna Coffman, MD, attended medical school at the University of Louisville and completed her residency in Family Practice at St. John's Mercy Medical Center in St. Louis, Missouri. She is board-certified in Family Medicine and currently on staff at John Cochran VAMC in St. Louis.

Faculty Disclosure



Contributing faculty, Donna Coffman, MD,
                                has disclosed no relevant financial relationship with any product manufacturer or service provider mentioned.

Division Planners



John M. Leonard, MD
Ronald Runciman, MD
Mary Franks, MSN, APRN, FNP-C
Randall L. Allen, PharmD
Shannon E. Smith, MHSC, CST, CSFA

Division Planners Disclosure



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

Director of Development and Academic Affairs



Sarah Campbell

Director Disclosure Statement




        The Director of Development and Academic Affairs has disclosed no
        relevant financial relationship with any product manufacturer or
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Implicit Bias in Health Care




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

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


1. INTRODUCTION



The number of antibiotic agents available is remarkable, and new agents are added regularly. This course is intended as an overview of the general characteristics of the major antibiotic classes, emphasizing mechanism of action, pharmacokinetics, and potential toxicities, with a brief discussion of the individual member agents and their clinical indications. The purpose of this course is to enlarge clinical perspective and enhance the understanding and confidence required for the selection of appropriate therapy of bacterial infections. The goal is to improve efficacy and safety while limiting the risk for selection and transmission of antimicrobial-resistant pathogens.
Given the large array of available antimicrobial agents, the scope of this course is confined to the eight major classes of antibiotics commonly employed for acute bacterial infection: the penicillins, cephalosporins, carbapenems, aminoglycosides, quinolones, macrolides, sulfonamides, and tetracyclines. A brief discussion of vancomycin, daptomycin, and newer glycopeptide analogues available for treatment of multi-resistant Staphylococcus aureus (MRSA) and enterococcal species is included.
For the purposes of the course, it is impractical to list or describe all the possible adverse effects, recommended uses, and off-label uses of the antibiotics discussed. Before using any antimicrobial, it is important to review the manufacturer's package insert and dosing recommendations for the drug.

2. GENERAL CHARACTERISTICS OF ANTIBIOTICS





Evidence Based Practice Recommendation

According to the Infectious Diseases Society of America and Society for
        Healthcare Epidemiology of America, the infusion of bezlotoxumab should be performed while a
        patient is receiving standard-of-care antibiotics and has been shown to be effective in
        preventing recurrent C. difficile infection if
        administered at any time before ending antibacterial treatment
https://academic.oup.com/cid/article/73/5/e1029/6298219

             Last Accessed: January 11, 2024
Strength of Recommendation: Expert
        Opinion/Consensus Statement


There are some characteristics that all antibiotics share. All
      antibiotics can elicit allergic responses, although some are more allergenic than others.
      Allergic reactions can range from mild, annoying rashes to life-threatening reactions such as
      anaphylaxis and the Stevens-Johnson syndrome. In some cases, there is a cross-sensitivity
      between agents in different classes. In addition, all antibiotics exert some impact on normal
      body flora as well as pathogens, in some cases leading to the emergence of Candida species and pathogenic bacteria such as Clostridioides difficile. Overgrowth of C.
        difficile within intestinal flora is often a serious complication of
      antimicrobial therapy that can produce symptoms ranging from mild diarrhea to severe,
      life-threatening pseudomembranous colitis [1].
      Most cases resolve with supportive care and discontinuation of the offending antibiotic, but
      many require treatment. Furthermore, C. difficile colitis
      can develop days or weeks after the primary antimicrobial has been discontinued. A high degree
      of suspicion and judicious use of laboratory testing are the keys to recognizing and managing
      these complications.

3. ANTIBIOTIC RESISTANCE



Repeated exposure to an antibiotic may lead to the emergence of
      selective subpopulations of the same or related bacteria now resistant to the therapeutic
      agent. The Centers for Disease Control and Prevention (CDC) note that approximately 2.8
      million people become infected with bacteria that are resistant to antibiotics, and
      approximately 35,000 people die annually because of these infections [2]. When C.
        difficile colitis, not typically resistant but associated with antimicrobial use,
      is added to these, the U.S. toll of all threats exceeds 3 million infections and 48,000 deaths
        [2]. Mechanisms of microbial resistance
      include altered cellular permeability (leading to greatly diminished intracellular
      concentration of the drug), increased efflux of the antibiotic from the cell, and elaboration
      of deactivating enzymes that alter the antibiotic's interaction at binding sites within the
      cell wall or cytoplasm [3].
Decreased cell membrane permeability is an important mechanism of bacterial resistance to beta-lactams, quinolones, and vancomycin. Microbial resistance to tetracyclines and quinolones is often mediated by increased efflux of the antibiotic from the cell. Enzymatic deactivation by beta-lactamases is the common mechanism of resistance to penicillins and cephalosporins. Resistance to aminoglycosides may result from altered cytoplasmic membrane transport (influx) or from intracellular enzymes (e.g., phosphotransferases and acetyltransferases) that deactivate the drug.
There are various mechanisms by which the interaction of an antibiotic with its binding site may be altered or bypassed, resulting in loss of antimicrobial activity. One such example, affecting the target site for quinolone activity, is an acquired structural alteration of deoxyribonucleic acid (DNA) gyrase, an enzyme essential for bacterial DNA synthesis. As a result, quinolones are no longer able to bind to the enzyme and the drug loses its antimicrobial effect. Another example is the methylation of ribosomal ribonucleic acid (rRNA) that prevents the binding of macrolides. The effectiveness of trimethoprim/sulfamethoxazole, which acts through disruption of folate synthesis by the cell, may become diminished by the adaptive ability of some bacteria to utilize an alternate metabolic pathway, thereby avoiding the effects of trimethoprim [4].
These resistance mechanisms may be acquired through mutations
      in the genes that encode for the target or affected transport proteins. As the bacterial cells
      without the adaptive mutations succumb to the action of the antibiotic, the subpopulation that
      has the adaptive mutation continues to replicate, replacing the original population with a
      resistant one.
Bacterial resistance can be transferred from one bacterium to another, or from one bacterial species to related group, by means of plasmids or transposons that gain entry to the cell. These agents are small segments of DNA that are readily exchanged between bacteria. A plasmid that contains a gene for an adaptive mutation can be shared with many nearby bacteria, which may or may not be the same species. In this manner, resistance can quickly spread from species to species [5].


Evidence Based Practice Recommendation

A meta-analysis published by the Cochrane Database
          of Systematic Reviews found high-certainty evidence that any professional or
        structural interventions are effective in increasing compliance with antibiotic policy and
        reducing duration of antibiotic treatment in the hospital setting.
https://www.cochrane.org/CD003543/EPOC_improving-how-physicians-working-hospital-settings-prescribe-antibiotics

             Last Accessed: January 11, 2024
Level of Evidence: Meta-analysis


Many strategies have been used to circumvent the multiple mechanisms of resistance encountered in bacteria. Among these are addition of beta-lactamase inhibitors to extended-spectrum penicillins, alteration of cephalosporin side chains to produce new generations of the drug with broader activity, and combining drugs to enhance the antimicrobial effect (e.g., sulfamethoxazole with trimethoprim). In 2021, in response to perceived overuse of antibiotics, the American College of Physicians recommended limiting antibiotic courses to five to seven days for the some of the most common bacterial infections, including durations of antibiotic therapy in patients with common bacterial infections, such as acute bronchitis, community-acquired pneumonia, urinary tract infection, and cellulitis [172].
In addition, new categories of antibiotics are being created to
      stay ahead of the rapid evolution of bacterial resistance. Linezolid and tedizolid, the only
      two FDA-approved drugs in the oxazolidinone category, are examples of this, with linezolid
      being the first of the two to be developed. Oxazolidinones are a unique category of drugs that
      prevent formation of the 70S protein synthesis complex in bacteria and may be useful in the
      treatment of vancomycin-resistant enterococci and MRSA [6,7]. Nonetheless,
      development of resistance in bacteria is relentless.
Considering the efficient means by which bacteria develop
      resistance, clinicians should avoid, where possible, practice patterns that contribute to the
      process. In 2002, the CDC issued a position paper outlining recommendations for minimizing
      nosocomial infection and the emergence of resistant organisms [8]. In this paper, the CDC recommended a
      multistep approach that included: preventing infection (by paying careful attention to the
      proper use of invasive medical devices); tailoring medical treatment to fit the infection (by
      avoiding broad-spectrum antibiotics and prolonged treatment when possible); and preventing the
      transmission of resistant bacteria between patients (by emphasizing hand washing and
      implementing hospital infection control programs) [8]. Since issuance of the CDC's position paper, the agency has taken many
      additional steps and implemented coordinated, strategic action plans to change the course of
      antibiotic resistance. This includes publication of The National
        Action Plan for Combating Antibiotic-Resistant Bacteria (CARB), 2020–2025
      [9]. The CARB builds on the first National
      Action Plan, released in 2015, and prioritizes infection prevention and control to slow the
      spread of resistant infections and reduce the need for antibiotic use. The CARB also
      integrates a "one health" approach, which recognizes the relationships between the health of
      humans, animals, plants, and the environment [9]. It has also been hypothesized that the response to severe acute respiratory syndrome
      coronavirus 2 (SARS-CoV-2) and associated COVID-19 illness might increase use of antibiotics
      and other antimicrobial medicines (both appropriate and inappropriate) to address primary or
      secondary infections, with the potential to further accelerate the emergence of antibiotic
      resistance despite the rate of the development of new antibiotics [9].
In 2022, the CARB Task Force issued a Year 5 Progress Report on combating antimicrobial-resistant bacteria, summarizing accomplishments achieved between 2015 and 2020. This report showed that substantial progress had been achieved for the following targeted bacteria: health care-associated C. difficile infection decreased by 36%; hospital-onset multidrug-resistant Pseudomonas aeruginosa decreased by 41%; and hospital-onset MRSA bloodstream infections decreased approximately 31.5% [173].

4. CONSIDERATIONS FOR NON-ENGLISH-PROFICIENT PATIENTS



Obtaining a detailed patient history is a vital aspect of the appropriate
      prescription of antibiotics, particularly in empirical treatment. Furthermore, communication
      with patients regarding treatment regimens and compliance depends on clear communication
      between the patient and clinician. 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. The interpreter should be considered an active
      agent in the diagnosis and/or treatment processes, negotiating between two cultures and
      assisting in promoting culturally competent communication and practice [10].

5. PENICILLINS



Alexander Fleming discovered penicillin in 1928. After observing that Penicillium colonies inhibited the growth of staphylococci on agar plates, Fleming made an extract from the mold and proved that it inhibited bacterial growth. Penicillin became available for general use in the 1940s [11].
MECHANISM OF ACTION



Penicillin is bactericidal, killing susceptible bacteria by
        interrupting cell wall synthesis. The drug exerts its effect by preventing cross-binding of
        the peptidoglycan polymers necessary for cell wall formation and by binding with
        carboxypeptidases, endopeptidases, and transpeptidase ("penicillin-binding proteins" [PBPs])
        that participate in cell wall synthesis [12]. Although the exact mechanisms involved are not
        known, the result is that the cell wall is structurally weakened and lyses, leading to cell
        death.
The basic form of penicillin is structured around the beta-lactam ring (a thiazolidine ring) and can be altered by substituting side chains. By doing so, the antimicrobial spectrum, absorption characteristics, and resistance to beta-lactamase deactivation can be favorably modified.
Bacterial resistance to penicillins may take different forms. The most significant is the bacterial production of beta-lactamases, which can destroy the beta-lactam ring by means of hydrolysis, effectively preventing antimicrobial activity by the agent [13]. In addition, some bacteria are able to prevent binding to the PBPs by various means, including altered binding sites for the penicillins [14].
Various strategies have been employed to circumvent these microbial adaptations. Altering the structure of the penicillin molecule to produce agents that are more resistant to the hydrolysis from the beta-lactamases has resulted in the development of the extended-spectrum penicillins.
Another strategy has been to combine penicillins with other agents that block bacterial beta-lactamases [6]. Examples include amoxicillin plus clavulanic acid, ampicillin plus sulbactam, piperacillin plus tazobactam, and ticarcillin plus clavulanic acid. Clavulanic acid is produced by Streptomyces clavuligerus. Sulbactam and tazobactam are derived from the basic penicillin ring. These agents have little intrinsic antimicrobial activity, but they bind irreversibly to many beta-lactamases, preventing hydrolytic activity against the beta-lactam ring.

PHARMACOKINETICS



Penicillins can be separated into groups based on their pharmacokinetics and spectrum of antibacterial activity. These groups are the natural penicillins, the aminopenicillins, the penicillinase-resistant penicillins, and the antipseudomonal penicillins [15].

Table 1: THE PENICILLINS
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Natural Penicillins
	Penicillin G benzathine	1.2–2.4 MU	
              50,000 U/kg in one dose
Max: 2.4 MU divided between 2 injection sites


            	IM	Rash, GI upset	
              Indicated for syphilis and group A strep infections.
Note: Do not administer IV (except parenteral/aqueous preparation) or IM
                  near nerve or artery. Cardiopulmonary arrest and death have occurred from
                  accidental IV administration.


            
	Penicillin G benzathine or penicillin G procaine	2.4 MU in one dose	
              <14 kg: O.6 MU
14 to 27 kg: 1.2 MU in one dose


            	IM	Rash, GI upset
	Penicillin G (parenteral/aqueous)	2–30 MU per day	
              100,000–400,000 U/kg/day in divided doses every 4 to 6 hours
Max: 24 MU/day


            	IM, IV	Rash, GI upset
	Penicillin V potassium	125–500 mg every 6 to 8 hours	
              Pneumonia (off label): 50–75 mg/kg/day in 3 to 4 divided doses
Pharyngitis: 250 mg 2 to 3 times per day


            	PO	Rash, GI upset	––
	Aminopenicillins
	Amoxicillin	250–500 mg every 8 hrs, or 500–875 mg twice daily	
              Manufacturer recommendation: >3 months and <40 kg: 20–100 mg/kg/day
                  in divided doses every 8 to 12 hrs
≤3 months: 20–30 mg/kg/day divided every 12 hrs
AAP recommendation:
All infants and children <40 kg: 25–50 mg/kg/day in divided doses every
                  8 hrs


            	PO	Rash, diarrhea	
              Not to be confused with amoxicillin/clavulanate ES formulation.
Extended-release tablet 775 mg once daily for adults and children ≥12
                  years of age


            
	Amoxicillin/clavulanate	250–500 mg every 8 hrs, or 875 mg every 12 hrs	
              15–40 mg/kg/day divided every 8 hrs, or 25–45 mg/kg/day divided every 12
                  hrs
Max: 4g/day
<3 mos: 30 mg/kg/day every 12 hrs (125 mg/5 mL suspension
                  only)


            	PO	Rash, diarrhea	Dosing for amoxicillin/clavulanate is based on the amoxicillin component; the
              ES formulation of amoxicillin/clavulanate is not interchangeable with the regular
              suspension and requires product specific dosing.
	Ampicillin	250–500 mg every 6 hrs	
              PO: 50–100 mg/kg/day in 4 divided doses
Max:2–4 g/day
IV, IM: 25–200 mg/kg/day every 3 to 4 hrs
Max: 12 g/day


            	PO, IV, IM	Rash, GI symptoms (very common)	The IV form can be given in divided doses or in a continuous infusion.
	Ampicillin/sulbactam	1.5–3 g every 6 hrs IV	
              ≥1 year: IV: 100–400 mg/kg/day every 6 hrs
Max: 8 g/day


            	IV, IM	Rash, diarrhea, local pain at injection or infusion site (very common with IM
              use)	Dosing for ampicillin/sulbactam is based on the ampicillin component.
	Penicillinase-Resistant Penicillins
	Dicloxacillin	125–500 mg every 6 hrs	
              <40 kg: 12.5–100 mg/kg/day in 4 doses divided every 6 hrs
>40 kg: 125–250 mg every 6 hrs


            	PO	Rash, diarrhea	Use with caution in neonates, as elimination of drug is slow.
	Nafcillin	IV: 0.5–2 g every 4 to 6 hrs IM: 0.5 g every 4 to 6 hrs	
              Neonates: 50 mg/kg/day in 4 divided doses Children: IV: 50–200 mg/kg/day
                  in 4 divided doses
IM: 25 mg/kg every 12 hrs


            	IV, IM	Phlebitis at IV site, neutropenia, rash	Tissue necrosis can occur with IV extravasation.
	Oxacillin	0.25–2 g every 4 to 6 hrs	
              <40 kg: 50–100 mg/kg/day in divided doses every 6 hrs
>40 kg: 250–1,000 mg every 4 to 6 hrs


            	IV, IM	Phlebitis at IV site, hepatitis, rash	
              Drug-induced hepatitis is usually reversible if drug is discontinued.
                  Neonatal dosing may require the use of alternate container system/dosage
                  forms.
May contain a significant amount of sodium.


            
	Antipseudomonal Penicillins
	Piperacillin	
              IV, IM:3–4 g every 4 to 6 hrs
Max: 24 g/day


            	
              Neonates: IV, IM: 100 mg/kg every 12 hrs
Infants/children: IV, IM: 200–300 mg/kg/day divided every 4 to 6
                  hrs


            	IV, IM	Rash, GI upset, phlebitis at infusion site	—
	Piperacillin/tazobactam	
              IV: 3.375–4.5 every 6 to 8 hrs
Max: 18 g/day


            	
              Infants 2 to 9 months: 80 mg piperacillin/kg/dose every 8 hrs
Infants and children >9 months: 100 mg piperacillin/kg/dose


            	IV	Rash, GI upset	
              Dosing for adults and pediatrics based on traditional infusion method (IV
                  infusion over 30 minutes).
Dosage in pediatric patients based on piperacillin component.
Pediatric dose is mg/kg/dose, not mg/kg/day.


            
	Ticarcillin or ticarcillin/clavulanate potassium	
              <60 kg: 200–300 mg/kg/day divided every 4 to 6 hrs
>60 kg: 3.1 g every 4 to 6 hrs
Max: 18 g/day


            	Use adult dosing by weight	IV	Rash, GI upset	Potential warfarin interaction. Ticarcillin/clavulanate doses are based on the
              ticarcillin component.
	
              Prescribing information is given for comparison purposes only. The higher
                  dosage ranges reflect dosages for more severe infections. Please consult the
                  manufacturer's package insert for the antibiotic for complete prescribing
                  information, maximum dosages, and indications.
AAP = American Academy of Pediatrics; MU = million units; ES = extra
                  strength.


            


Source: [6,16]


The Natural Penicillins



The natural penicillins include various penicillin G preparations and penicillin V potassium. Penicillin G is very unstable in stomach acid and must be given parenterally. Penicillin V potassium is more acid-stable and is the appropriate form for oral administration.
The natural penicillins are active against gram-positive
          organisms such as streptococci, Enterococcus faecalis,
          and Listeria monocytogenes. However, most S. aureus isolates are now resistant. The natural penicillins
          are also active against anaerobic species, such as Bacteroides species and Fusobacterium
          species. At serum levels achieved by parenteral administration, the natural penicillins
          are effective against some gram-negative bacteria, such as Escherichia coli, H. influenzae,
            Neisseria gonorrhoeae, and Treponema pallidum. For the treatment of moderate-to-severe infections in
          which resistant organisms are considered a possibility, reliance upon penicillin alone
          should be avoided unless the identity and sensitivity of the infecting organism have been
          confirmed. Labeled uses include treatments for infections of the upper and lower
          respiratory tract, throat, skin, and genitourinary tract and prophylaxis of recurrent
          rheumatic fever and pneumococcal infections [6].

The Aminopenicillins



The aminopenicillins have about the same activity as the natural penicillins against susceptible gram-positive organisms, plus improved coverage of selected gram-negative bacilli, including Enterobacteriaceae. Amoxicillin/clavulanic acid and ampicillin/sulbactam have better coverage against H. influenzae and Klebsiella species than the natural penicillins and the aminopenicillins alone.
The aminopenicillins include ampicillin and amoxicillin. Ampicillin can be given parenterally or orally. These agents are useful for the management of sinusitis/bronchitis, endocarditis, meningitis, susceptible urinary tract infection, and salmonellosis [6]. Amoxicillin is the best absorbed of the oral penicillins. It is acid-stable and its absorption, unlike ampicillin, is not much affected by food. Improved absorption is also thought to provide an advantage over ampicillin in reducing the risk of antibiotic-associated diarrhea. Labeled uses include endocarditis prophylaxis and as a component of a multidrug H. pylori eradication regimen [6].

The Penicillinase-Resistant Penicillins



The penicillinase-resistant penicillins were developed in response to the emergence of penicillinase-producing S. aureus. These penicillins are resistant to hydrolysis by the lactamase produced by the staphylococci, and they include nafcillin and oxacillin, which are parenteral formulations, and dicloxacillin, which is given orally. Methicillin and cloxacillin are no longer available in the United States [6].
Although penicillinase-resistant penicillins have the same spectrum of activity against many of the same gram-positive pathogens as the natural penicillins, they lack significant activity against gram-negative or anaerobic organisms. They are, however, notable for their usefulness against penicillin-resistant (methicillin-sensitive) Staphylococcus species.

The Antipseudomonal Penicillins



The antipseudomonal penicillins are often also referred to as extended-spectrum penicillins; these include ticarcillin and piperacillin (both of which are parenteral). Mezlocillin, which was also parenteral, and carbenicillin, which could be administered orally, are no longer available in the United States [6,17].
The extended-spectrum penicillins retain their activity against gram-positive bacteria and anaerobic gram-negative pathogens such as Bacteroides fragilis. However, these agents were developed because of their excellent activity against Pseudomonas aeruginosa and other multidrug-resistant gram-negative pathogens, including Klebsiella species and Serratia species. The antipseudomonal penicillins are effective for treatment of H. influenzae as well.

The Addition of Beta-Lactamase Inhibitors



The addition of clavulanic acid, sulbactam, or tazobactam increases the spectrum of activity of the penicillin derivative with which they are combined. They are generally active against the beta-lactamases produced by H. influenzae, Moraxella catarrhalis, and S. aureus. However, their activity is variable against some of the gram-negative bacteria, such as some species of Pseudomonas, Enterobacter, E. coli, Klebsiella, and Serratia, due to resistance to these beta-lactamase inhibitors [18].


ABSORPTION/ELIMINATION



While most penicillins can be absorbed via the oral route, the bioavailability varies considerably, and food may interfere with absorption. Penicillin V, amoxicillin, ampicillin, and dicloxacillin can be given orally; the remaining penicillins are either too unstable in the acidic environment of the stomach or must be given intravenously in order to achieve sustained therapeutic levels. Amoxicillin is the best absorbed of the oral penicillins and the least affected by a recent meal.
Following oral administration and GI absorption, these agents are widely distributed throughout the body. Therapeutic concentrations of penicillins are readily achieved in tissues and secretions (e.g., joint fluid, pleural fluid, pericardial fluid, and bile). Low concentrations are found in prostatic secretions, brain tissue, intraocular fluid, and phagocytes. Cerebrospinal fluid (CSF) concentrations vary but are less than 1% of serum concentration when the meninges are normal. When the meninges are inflamed, CSF concentrations may rise to 5% and can be increased by co-administration of probenecid (500 mg 4 times daily) [6,19]. Concentration in urine is high due to renal clearance mechanisms.
Penicillins are excreted in the kidney by means of glomerular filtration and renal tubular secretion. Probenecid markedly reduces the tubular secretion of the penicillins and decreases the apparent volume of distribution, resulting in higher serum levels. All the penicillins are excreted to some degree in the bile, but biliary excretion is most important for antipseudomonal penicillins and nafcillin [20].
In patients with mild renal insufficiency, dosage adjustment is not needed, except with the use of ticarcillin [21]. If the creatinine clearance is less than 50 mL/min, then dosage adjustments of parenteral penicillins should be made to avoid excess serum levels. Nafcillin undergoes extensive hepatic metabolism, and the dosage must be adjusted for severe renal and hepatic insufficiency.

SIDE EFFECTS/TOXICITY



These drugs are usually well tolerated. However, gastrointestinal (GI) disturbances may occur with all oral penicillins.
Allergy to any of the penicillins is the only absolute
        contraindication to use of a penicillin agent. However, studies have found that penicillin
        allergy is less common than previously thought [22,23,24,25]. Traditionally, allergic reactions were believed to occur in up to 10%
        of patients; however, more recent studies have found the rate to be much lower. While
        penicillin-induced anaphylaxis death rate estimates are similar to previous statistics
        (i.e., approximately 0.002% among the general population), the percentage of individuals
        with a true penicillin allergy as defined by immunoglobulin E (IgE)-mediated reaction is
        generally less than 10%, with some studies showing a true penicillin allergy rate of only
        0.7% [22,23,24,26]. It is also important to note that
        approximately 90% of patients previously diagnosed with a penicillin allergy will show no
        reactivity if not exposed to the antibiotic for 10 years or more, due to the absence of a
        true allergy or loss of allergy over time [22,24,25]. Allergy skin testing is the most reliable way to determine true
        penicillin allergy and may allow for previously avoided antibiotics to be used as
        indicated.
Reactions commonly misdiagnosed as true allergic responses vary and can include a mild rash (the most common) and urticaria. Rarely, serum sickness, exfoliative dermatitis, and Stevens-Johnson syndrome may develop [6,20]. These responses were originally thought to develop in response to the beta-lactam ring and its derivatives and, therefore, there is a common misperception that penicillins are cross-reactive with other antibiotics with the same beta-lactam structure (e.g., cephalosporins) [6]. However, the major determinant in the immunologic reaction is now recognized to be the similarity in the side chain of first-generation cephalosporins and penicillins (not the beta-lactam structure), with the reaction nearing 0% in third-generation cephalosporins [22,23,24].
Rarely, penicillins may cause hematologic reactions with neutropenia due to reversible bone marrow suppression. Abnormal platelet aggregation may occur, particularly with ticarcillin [27]. Other rare reactions include hepatitis, seizures, interstitial nephritis, and hypokalemia due to local effects in the renal tubules.

DRUG INTERACTIONS



The penicillins should not be given concurrently with tetracycline or other bacteriostatic agents. Penicillin works in cells that are actively synthesizing cell wall components, and if metabolism is prevented, then the activity of penicillin is diminished. The antipseudomonal penicillins also may affect warfarin metabolism. Therefore, the prothrombin time, using the international normalized ratio (INR), should be monitored [6,28].

SPECIAL POPULATIONS



The penicillins are pregnancy category B, indicating no adverse events noted in animal studies [6,29]. These agents are secreted in breast milk, and breastfeeding should be avoided if the infant is allergic to any of the penicillins [30]. Use while breastfeeding may cause modifications of normal intestinal flora and allergic sensitization in the infant [6].


6. CEPHALOSPORINS



Giuseppe Brotzu discovered the first cephalosporin in 1948, observing that the fungus Cephalosporium acremonium produced a substance that inhibited the growth of S. aureus and other bacteria. The initial substance was identified and modified to create the cephalosporins that are now used. The cephamycins were created by adding a methoxy group on the beta-lactam ring of the original compound, based on the structure of cefoxitin, produced by Streptomyces lactamdurans. By altering the chemical groups substituted on the basic molecule, greater antimicrobial activity and longer half-lives have been obtained [31].
MECHANISM OF ACTION



Like penicillins, the cephalosporins are beta-lactams in which the beta-lactam ring is joined to a dihydrothiazine ring. Their antimicrobial effect is based on the same mechanism of action as that for the penicillins. The cephalosporins inhibit bacterial cell wall synthesis by blocking the transpeptidases and other PBPs involved in the synthesis and cross-linking of peptidoglycan [32,33].
Because each bacterial species has a unique chemical structure in its cell wall, the cephalosporins may have different mechanisms of action by which they inhibit cell wall synthesis.
As with penicillins, resistance to cephalosporins results from mutations in the penicillin-binding proteins (preventing the cephalosporins from binding to them) and from the production of extended-spectrum beta-lactamases that deactivate the drug [34]. An additional source of resistance in gram-negative bacteria is alteration in the cell-membrane porins that normally allow passage of the cephalosporins into the cell [35].
Of these mechanisms, the production of beta-lactamase is the most clinically significant. This form of resistance may occur through mutations or may be carried on plasmids [36].

PHARMACOKINETICS



The cephalosporins have been classified in different ways, based on chemical structure and pharmacologic activities. The conventional classification for clinical purposes groups cephalosporins into "generations" based on when they were developed and similarities in antimicrobial coverage.

Table 2: THE CEPHALOSPORINS
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	First Generation
	Cefadroxil	1–2 g/day in 2 divided doses	
                30 mg/kg/day in 2 divided doses
Max: 2 g/day


              	PO	Rash, diarrhea	Can interfere with some urine glucose tests.
	Cefazolin	
                1–2 g every 8 hrs
Max: 12 g/day


              	
                >1 mo: 25–100 mg/kg/day divided every 6 to 8 hrs
Max: 6 g/day


              	IV, IM	Phlebitis at infusion site, seizure,rash, diarrhea	Can interfere with some urine glucose tests.
	Cephalexin	
                250–1,000 mg every 6 to 12 hrs
Max: 4 g/day


              	
                >1 yr to <15 yrs: 25–100 mg/kg/day in 3 to 4 divided doses
Max: 4 g/day


              	PO	GI upset, rash	Can interfere with some urine glucose tests.
	Second Generation
	Cefaclor	250–500 mg every 8 hrs	
                >1 mo: 20–40 mg/kg/day in 2 to 3 divided doses
Max: 1 g/day


              	PO	Rash, GI upset	Can interfere with some urine glucose tests.
	Cefotetan	
                1–2 g every 12 hrs
Max: 4–6 g/day


              	
                AAP recommendation: 30–50 mg/kg/dose every 12 hrs
Max: 4,000 mg/day


              	IV, IM	Phlebitis at infusion site, rash, GI upset	
                Disulfiram-like reaction with alcohol. Can interfere with some urine
                    glucose tests.
Not recommended for treatment of community-acquired intra-abdominal
                    infections.


              
	Cefoxitin	
                1–2 g every 6 to 8 hrs
Max: 12 g/day


              	
                >3 mos: 80–160 mg/kg/day in 4 to 6 divided doses
Max: 12 g/day


              	IV, IM	Phlebitis at infusion site, rash	
                IM injection is painful. Can interfere with some urine glucose
                    tests.
In pediatrics, for group A beta-hemolytic streptococcal infections,
                    antimicrobial therapy should be given for at least 10 days to guard against the
                    risk of rheumatic fever or glomerulonephritis.


              
	Cefprozil	250–500 mg every 12 to 24 hrs	
                >6 mos: 7.5–20 mg/kg every 12 hrs
>2 yrs: 7.5–15 mg/kg/day in 2 divided doses, or 20 mg/kg every 24
                    hrs
Max: 1 g/day


              	PO	Rash, GI upset, elevated liver enzymes	Avoid use in phenylketonuria. Can interfere with some urine glucose
                tests.
	Cefuroxime	
                PO: 250–500 mg every 12 hrs for 10 days
IV, IM: 0.5–1.5 g every 6 to 8 hrs
Max: 6 g/day


              	
                PO: 20–30 mg/kg/day in 2 divided doses
IV, IM: 75–150 mg/kg/day in 3 divided doses
Max: 6 g/day


              	PO, IV, IM	Phlebitis at infusion site, rash, GI upset	
                Tablets and oral suspension forms require different dose. Oral doses noted
                    here are for tablet formulation.
Higher doses can be used for severe infection.


              
	Third Generation
	Cefdinir	300 mg every 12 hrs, or 600 mg every 24 hrs for 10 days	
                7 mg/kg/dose twice daily or 14 mg/kg/dose for 10 days
Max: 600 mg/day


              	PO	Rash, diarrhea	Iron and antacids can reduce absorption. Can interfere with some urine glucose
                tests.
	Cefditoren	200–400 mg every 12 hrs for 10 to 14 days	Not studied for patients <12 yrs	PO	GI upset, headache	Interaction with proton-pump inhibitors, H2 blockers, antacids. Contraindicated
                with milk protein allergy.
	Cefixime	400 mg/day in 1 or 2 doses	
                >6 mos and <45 kg:8–20 mg/kg/day every 12 to 24 hrs
Max: 400 mg/day
>12 yrs or >50 kg: Use adult dosing


              	PO	Diarrhea, rash	Can interfere with some urine glucose tests.
	Cefotaxime	1–2 g every 4 to 12 hrs	1 mo to 12 yrs and <50 kg: 50–225 mg/kg/day in 3 to 4 divided doses	IV, IM	Phlebitis at infusion site, rash, GI upset	Single dose can be given for GC. Transient arrhythmias have developed after
                administration of this agent through central venous catheter.
	Cefpodoxime	100–400 mg every 12 hrs for 7 to 14 days	10 mg/kg/day in 2 divided doses	PO	Diarrhea, nausea, vomiting	Decreased absorption with antacids and H2 blockers. Can be given as a single
                dose for GC.
	Ceftazidime	500–1,000 mg every 8 hrs	
                IV: 30–50 mg/kg every 8 hrs
Max: 6 g/day
AAP recommendation for IV: 90–200 mg/kg/day every 8 hours
Max: 6 g/day


              	IV, IM	Phlebitis at infusion site, rash, GI upset	Can interfere with some urine glucose tests. The L-arginine formulation should
                not be used in children.
	Ceftibuten	400 mg every 24 hrs for 10 days	
                9 mg/kg/day
Max: 400 mg/day for 10 days


              	PO	Rash, GI upset, headache	Can interfere with some urine glucose tests.
	Ceftriaxone	IV, IM: 1–2 g every 12 to 24 hrs	
                50–100 mg/kg/day in 1 to 2 divided doses
Max: 4 g/day


              	IV, IM	Phlebitis at infusion site, rash	Avoid in neonates with hyperbilirubinemia. Higher doses are used for
                meningitis. A ceftriaxone-calcium salt can precipitate in the gallbladder, causing
                sonographically detectable abnormalities.
	Fourth Generation
	Cefepime	
                IV:1–2 g every 8 to 12 hrs
IM: 0.5–1 g every 12 hrs


              	
                IV, IM: 50 mg/kg every 8 to 12 hrs
Not to exceed adult dosing


              	IV, IM	Phlebitis at infusion site, GI upset	Can interfere with some urine glucose tests.
	Cefiderocol	2 g every 8 hours for 7 to 10 days	—	IV	Phlebitis at infusion site, rash, GI upset	Can interfere with some urine glucose tests.
	Fifth Generation
	Ceftaroline fosamil	600 mg every 12 hours for 5 to 14 days	
                >2 mos to <2 yrs: 8 mg/kg/dose every 8 hrs for 5 to 14 days
>2 yrs to <18 yrs and <33 kg: 12 mg/kg/dose every 8 hrs for 5 to
                    14 days
>2 yrs to <18 yrs and >33 kg: 400–600 mg every 8 to 12 hrs for 5
                    to 14 days


              	IV	Phlebitis at infusion site, GI upset, headache	Slow IV infusion over 60 minutes. Can interfere with some urine glucose
                tests.
	Ceftobiprole	500 mg every 8 hours	—	IV	Hyponatremia, phlebitis at infusion site, headache, nausea/vomiting	
                Approved for use in Canada but not the United States.
Not for use in patients with ventilator-associated pneumonia.


              
	
                Prescribing information is given for comparison purposes only. The higher
                    dosage ranges reflect dosages for more severe infections. Please consult the
                    manufacturer's package insert for the antibiotic for complete prescribing
                    information, maximum dosages, and indications.
GC = gonococcal infection.


              


Source: [6,16]


First-Generation Cephalosporins



The first-generation cephalosporins are most active against aerobic gram-positive cocci. These agents include cefazolin, cephalexin, and cefadroxil, and they are often used for skin infections caused by S. aureus and Streptococcus and for susceptible urinary tract infections. They have activity against E. coli and some activity against H. influenzae and Klebsiella species, but because of the limited gram-negative coverage, they are not first-line agents for infections that are likely to be caused by gram-negative bacteria.

Second-Generation Cephalosporins



The second-generation cephalosporins are more active against gram-negative organisms, such as Moraxella, Neisseria, Salmonella, and Shigella. Cefoxitin and cefotetan, which are included in this group under this classification system although they are technically cephamycins, also have more coverage against anaerobic bacteria. The true cephalosporins that are also part of this class are cefprozil, cefuroxime, cefaclor, cefoxitin, and cefotetan. These drugs are used primarily for respiratory tract infections because they are better against some strains of beta-lactamase producing H. influenzae.

Third-Generation Cephalosporins



The third-generation cephalosporins have enhanced activity and a broader spectrum against gram-negative organisms, including Neisseria species, M. catarrhalis, Klebsiella, and other Enterobacteriaceae. Of these agents, ceftriaxone has the best activity against gram-positive cocci, specifically S. pneumoniae and methicillin-sensitive S. aureus. Ceftazidime is active against P. aeruginosa. Other cephalosporins in this class include cefdinir, cefditoren, cefixime, cefotaxime, cefpodoxime, ceftibuten, and ceftriaxone. These drugs are useful for more severe community-acquired respiratory, intraabdominal, and urinary tract infections and for nosocomial infections (because of the high incidence of resistant organisms) [37].

Fourth-Generation Cephalosporins



Cefepime is classed as a fourth-generation cephalosporin because it has good activity against both gram-positive and gram-negative bacteria, including P. aeruginosa and many Enterobacteriaceae. The gram-negative and anaerobic coverage makes cefepime useful for intra-abdominal infections, respiratory tract infections, and skin infections.

Fifth-Generation Cephalosporins



Ceftaroline fosamil is a novel advanced-generation cephalosporin approved by the U.S. Food and Drug Administration (FDA) in 2010, for the treatment of community-acquired bacterial pneumonia and bacterial skin and soft-tissue infections [6]. As with other beta-lactams, ceftaroline exerts its antimicrobial affect by binding to PCP and inhibiting cell wall synthesis. This agent is unique in that it also has a high affinity for PBP2a, which is associated with resistance to methicillin. Consequently, ceftaroline is highly active against methicillin-sensitive and resistant strains of S. aureus and against multidrug-resistant S. pneumoniae[38]. It is ineffective for P. aeruginosa, and its activity against Enterobacteriaceae is variable. Beta-lactamase-producing Enterobacteriaceae and AmpC mutants are resistant. Prospective clinical trials have shown that the efficacy of ceftaroline is comparable to vancomycin plus aztreonam for the treatment of bacterial skin and soft-tissue infection (including methicillin-resistant S. aureus [MRSA]) and to ceftriaxone for the treatment of community-acquired bacterial pneumonia [39]. Among cases of pneumonia caused by S. pneumoniae, clinical cure rates were higher with ceftaroline (83.3%) than with ceftriaxone (70%) in a phase III clinical trial, and the agent was well tolerated [40].
Ceftobiprole is a fifth-generation cephalosporin with a broad spectrum of antimicrobial activity, including drug-resistant pneumococci, P. aeruginosa, and methicillin-resistant S. aureus (MRSA). The drug is approved for the treatment of community- and hospital-acquired pneumonia in Canada and parts of Europe, The results of a pivotal clinical trial of patients hospitalized with community-acquired pneumonia treated with ceftobiprole showed a high rate of clinical cure [41,42,43].


ABSORPTION/ELIMINATION



The orally administered cephalosporins include cefaclor, cefadroxil, cephalexin, cefprozil, cefuroxime axetil, cefixime, cefpodoxime proxetil, ceftibuten, and cefdinir. In general, the orally administered cephalosporins are absorbed rapidly. Cephalexin, cefadroxil, cefaclor, cefixime, ceftibuten, and cefdinir are nonesterified and are absorbed from the GI tract by active transport in the small intestine. Other agents, such as cefuroxime axetil and cefpodoxime proxetil, are prodrug esters and are passively absorbed. Once absorbed into the cells lining the small intestine, these agents are hydrolyzed and then excreted into the blood stream as active cephalosporins [44].
The presence of food or antacids may increase or decrease the absorption, depending on the drug. Cefuroxime axetil and cefpodoxime proxetil have increased absorption when taken with food. Cefaclor, cefadroxil, and cephalexin have slowed absorption when food is in the stomach. Cefixime, cefprozil, and ceftibuten are not affected by the presence of food. Cefpodoxime is the only cephalosporin whose absorption is decreased by the presence of antacids or H2 antagonists [45].
There is extensive distribution of the cephalosporins into body tissues and fluids. They readily cross the placenta and are also found in synovial fluid. Concentrations in bile and urine are high. Most cephalosporins do not cross into the CSF in sufficient concentration to be recommended for the treatment of meningitis, but there are some exceptions. Cefuroxime, cefotaxime, ceftriaxone, cefepime, and ceftaroline all have good penetration into the CSF [38,46].
Most cephalosporins are eliminated by the kidney. The
        exception in the oral cephalosporins is cefixime, half of which is excreted in the urine
          [6]. The remaining half is metabolized in
        the liver to inactive metabolites and partly excreted in the bile. Cefotaxime is
        deacetylated by the liver to a bioactive metabolite and inactive forms. The deacetylated
        metabolites are excreted by the kidney. Cefditoren is excreted predominantly in the
        bile.
In severe hepatic insufficiency, compensatory changes in renal excretion of the hepatically metabolized drugs may occur [47]. In the presence of severe renal and/or hepatic insufficiency, dosage adjustment of cefotaxime is necessary.

SIDE EFFECTS/TOXICITY



As a group, cephalosporins are relatively well tolerated [48]. The most common complaints are GI upset, resulting in nausea, vomiting, or diarrhea. Thrombophlebitis can occur with intravenous (IV) administration. One to three percent of patients develop an allergic reaction. Rash, fever, eosinophilia, and urticaria can develop. Anaphylaxis is rare. Infrequently, there is some cross-sensitivity with true penicillin allergy (estimated nearly 0%to 10% of cases); this occurs mostly with first-generation cephalosporins [21,22,23,24]. If a patient develops urticaria, anaphylaxis, or angioedema with penicillins or a cephalosporin, avoid using any of the other cephalosporins.
Although uncommon, nephrotoxicity has been reported [49]. Cephalosporins that contain the methylthiotetrazole (MTT) side chain (cefotetan) may induce a disulfiram-like reaction with alcohol ingestion (e.g., flushing, tachycardia, nausea and vomiting, diaphoresis, dyspnea, hypotension, and confusion). This is due to increased circulating acetaldehyde.
Ceftriaxone has been associated with cholelithiasis and cholestatic hepatitis due to precipitation in bile [50,51]. Rare reactions include hematologic toxicity with resultant eosinophilia, thrombocytopenia, and leukopenia, all of which resolve after stopping treatment [52]. Rarely, hemolytic anemia develops [53]. Hypoprothrombinemia may occur with cephalosporins with the MTT side chain as a result of interference by the MTT moiety with the synthesis of vitamin-K-dependent clotting factors [54]. For patients at high risk of bleeding, exogenous vitamin K may help alleviate this side effect. False-positive glucosuria testing with a copper reduction test (Clinitest) may occur with many cephalosporins [6,55].

DRUG INTERACTIONS



The serum levels of all the cephalosporins are increased
        with co-administration of probenecid. The effects of warfarin may be enhanced by
        co-administration of cefotetan, cefazolin, cefoxitin, and ceftriaxone [6].

SPECIAL POPULATIONS



Cephalosporins are generally considered safe to use in pregnancy and are designated as category B. They are excreted in breast milk in low concentrations, and the American Academy of Pediatrics (AAP) considers this compatible with breastfeeding [6,56,57].


7. CARBAPENEMS



Meropenem, imipenem/cilastatin, doripenem, and ertapenem are parenteral synthetic
      beta-lactams derived from thienamycin, an antibiotic produced by Streptomyces cattleya
      [58]. They have a lactam ring, like the
      penicillins and cephalosporins, but have a methylene moiety in the ring. The newest carbapenem
      is combination imipenem/cilastatin/relebactam [6].
MECHANISM OF ACTION



Like other beta-lactams, the carbapenems inhibit mucopeptide synthesis in the bacterial cell wall by binding to PBPs, leading to lysis and cell death. Bacterial resistance may occur due to a specific beta-lactamase that affects carbapenems. Another significant source of resistance is a mutation that results in the absence of the outer membrane porin, thus not allowing transport of the drug into the cell [59]. Cross-resistance may occur between the carbapenems.

PHARMACOKINETICS



Imipenem and ertapenem have a wide antimicrobial spectrum
        with excellent activity against enteric gram-negative bacilli and pseudomonas as well as
        anaerobic bacteria, including Bacteroides species. They
        also cover many gram-positive cocci, such as Enterococcus
        and Streptococcus
        [60]. Meropenem has somewhat greater
        activity against gram-negative bacteria, which are not affected by most beta-lactamases.
        Doripenem has good activity against Pseudomonas
          aeruginosa. Imipenem and ertapenem are approved by the FDA for use in urinary
        tract infections, pneumonia, intra-abdominal infections, and skin and soft-tissue infections
          [6]. Meropenem is approved by the FDA for
        treatment of intra-abdominal infections, skin and skin structure infections, and meningitis
        in patients older than 3 months of age [6].
        Combination meropenem/vaborbactam is approved for the treatment of complicated urinary tract
        infections caused by susceptible micro-organisms [6,61]. The combination
        imipenem/cilastatin/relebactam was approved by the FDA in 2019 for the treatment of
        complicated urinary tract infections and complicated intra-abdominal infections [6,62].

ABSORPTION/ELIMINATION



Imipenem/cilastatin, imipenem/cilastatin/relebactam, meropenem, and ertapenem are given parenterally, as they are unstable in stomach acid. Imipenem is combined with cilastatin, which inhibits dehydropeptidase I in the proximal renal tubular cells. Dehydropeptidase I inactivates imipenem by hydrolysing the beta-lactam ring, so adding the cilastatin allows increased levels of imipenem in the urine and also prevents the production of the nephrotoxic metabolites of imipenem [63]. The addition of relebactam to imipenem protects imipenem from degradation by certain serine beta-lactamases [6]. Meropenem, doripenem, and ertapenem do not require a dehydropeptidase I inhibitor.
Following administration, meropenem penetrates well into body tissues and fluids, including the CSF. Imipenem/cilastatin/relebactam and ertapenem are distributed throughout body tissues, but with only low concentrations in the CSF [64].
Most of the imipenem/cilastatin and imipenem/cilastatin/relebactam doses are excreted in the urine [6]. The remaining 20% to 25% of the dose is excreted through an unknown mechanism. Meropenem is excreted unchanged into the urine by means of glomerular filtration and tubular secretion [65]. Ertapenem is metabolized by hydrolysis of the beta-lactam ring, and then both the metabolite and parent drug are excreted in the urine.
The carbapenems require dosage adjustment in patients with renal insufficiency. No changes in dosage are necessary for patients with hepatic insufficiency.

SIDE EFFECTS/TOXICITY



The carbapenems are generally well tolerated. Occasional
        reactions include nausea and vomiting, phlebitis at the infusion site, elevation of liver
        enzymes, and leukopenia. Seizures may occur. The risk is higher in patients with underlying
        central nervous system (CNS) disease and in patients with renal disease, which results in
        high serum levels of the drug [66].
        Hypersensitivity reactions may occur, and while there is a degree of cross-sensitivity with
        penicillins, this risk is lower than previously believed [22,23,24]. Carbapenems should be used with caution in
        patients allergic to the carbapenems or penicillins [6].

DRUG INTERACTIONS



There are few drug interactions associated with the carbapenems, but probenecid may increase the serum levels of meropenem, ertapenem, imipenem/cilastatin, and imipenem/cilastatin/relebactam and should be avoided. Ertapenem cannot be infused with dextrose or other medications. Meropenem may reduce levels of valproic acid [67].

SPECIAL POPULATIONS



Meropenem, doripenem, and ertapenem are pregnancy category B, with animal studies showing no adverse reactions [68]. Imipenem/cilastatin is pregnancy category C, based on studies in monkeys that showed increased embryonic loss and side effects in the mother [69]. No pregnancy category has been assigned to imipenem/cilastatin/relebactam [6,70]. No data are available regarding breastfeeding and carbapenem administration.
The safety of doripenem use has not been studied in children. Meropenem has been used in children and is indicated by the FDA for the treatment of pediatric meningitis but has not been studied in infants younger than 3 months of age [6,71]. Ertapenem can be used in infants older than 3 months of age, and imipenem can be used from birth; these agents are useful for treating complicated infections in pediatric patients (e.g., complicated urinary tract infections).


8. MONOBACTAMS



Monobactams have a single beta-lactam core, distinguishing them from the other beta-lactam drugs [72]. Aztreonam is the only available example of this class of drugs. Aztreonam was originally extracted from Chromobacterium violaceum. It is now manufactured as a synthetic antibiotic.

Table 3: THE OTHER BETA-LACTAMS
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Carbapenems
	Doripenem	500 mg every 8 hours for 5 to 14 days	Not studied for pediatric use	IV	Headache, rash, nausea, vomiting, diarrhea, phlebitis	Dosage adjustment necessary for renal impairment. Cannot be used in patients with
              known serious hypersensitivity or history of anaphylaxis to any beta-lactam
              antibiotic. Seizure risk in patients with CNS disorders.
	Ertapenem	1 g/day for 3 to 14 days	
              15 mg/kg every 12 hrs
Max: 1 g/day for 3 to 14 days


            	IV, IM	Diarrhea, nausea, phlebitis at infusion site	
              Seizure risk in patients with CNS disorders.
IV therapy may be administered for up to 14 days; IM for up to 7
                  days.


            
	Imipenem/cilastatin	
              500–1,000 mg every 6 to 8 hrs
Max: 4 g/day


            	
              >3 mos: 15–25 mg/kg every 6 hrs
Max: 4 g/day


            	IV	Phlebitis at infusion site, rash	
              Documentation of cross-allergy with penicillin allergy is limited. Seizure
                  risk in patients with CNS disorders.
Adults <70 kg may require decreased dosing.


            
	Imipenem/cilastatin/relebactam	1.25 g every 6 hours for a 5-14 days	N/A	IV	Anemia	Documentation of cross-allergy with penicillin allergy is limited. Seizure risk
              in patients with CNS disorders.
	Meropenem	1.5–6 g/day in 3 divided doses	
              Infants <3 mos (IV):
Gestational age <32 weeks AND postnatal age <14 days: 20 mg/kg/dose
                  every 12 hrs
Postnatal age ≥14 days: 20 mg/kg/dose every 8 hrs
Gestational age ≥32 weeks AND postnatal age <14 days: 20 mg/kg/dose every
                  8 hrs
Postnatal age ≥14 days: 30 mg/kg/dose every 8 hrs
3 mos and <50 kg: 30–120 mg/kg/day in 3 divided doses
Max: 6 g/day
50 kg: Same as adult dosing


            	IV	Diarrhea, nausea, inflammation at the injection site, headache	Can cause elevated LFTs. Seizure risk in patients with CNS disorders.
	Meropenem/vaborbactam	4 g every 8 hrs for <14 days	Not studied in pediatric patients	IV	Headache, GI symptoms, phlebitis at infusion site	Dosage adjustment necessary for renal impairment.
	Monobactams
	Aztreonam	
              IV:1–2 g every 8 to 12 hrs
Nebulizer: 75 mg 3 times/day at least 4 hours apart for 28 days; do not
                  repeat for 28 days after completion.


            	
              >9 mos: 30–50 mg/kg/dose every 6 to 8 hrs
Max: 120 mg/kg/day
>7 years of age (nebulizer): Same as adult dosing


            	IV, IM, oral inhalation	Rash, nausea, vomiting, phlebitis at infusion site	
              Rare cross-sensitivity with allergy to other beta-lactams.
For oral inhalation, pretreatment with a bronchodilator is
                  recommended.


            
	
              Prescribing information is given for comparison purposes only. The higher
                  dosage ranges reflect dosages for more severe infections. Please consult the
                  manufacturer's package insert for the antibiotic for complete prescribing
                  information, maximum dosages, and indications.
CNS = central nervous system; LFTs = liver function tests (liver
                  enzymes).


            


Source: [6,16]


MECHANISM OF ACTION



As with other beta-lactams, aztreonam inhibits mucopeptide synthesis in the bacterial cell wall by binding to the penicillin-binding proteins of gram-negative bacteria, leading to cell lysis and death. Aztreonam is resistant to most beta-lactamases. Treatment in combination with an aminoglycoside appears to be synergistic against Pseudomonas.

PHARMACOKINETICS



Aztreonam does not have significant activity against gram-positive or anaerobic bacteria and is primarily used as an alternative therapy for gram-negative bacterial infections, including P. aeruginosa and Klebsiella, that are resistant to the first-line beta-lactams or carbapenems. It is indicated for use in pneumonia, soft-tissue infections, urinary tract infections, and intra-abdominal and pelvic infections that are caused by gram-negative aerobic bacteria.
There is no oral form of aztreonam, and intravenous is the preferred mode of parenteral administration. It is distributed widely in body tissues and fluids, including inflamed meningeal tissue [6,73]. Aztreonam is mainly excreted in the urine as an unchanged drug, although there is also minimal hepatic metabolism [6,74]. Doses must be adjusted for renal insufficiency based on glomerular filtration rate [6,75].

SIDE EFFECTS/TOXICITY



Frequent adverse reactions include elevations of liver enzymes and transient eosinophilia. Less common reactions include phlebitis at the infusion site, rash, diarrhea, and nausea [6,76].
There have been a few reports of cross-allergy reactions in patients who are allergic to ceftazidime, but patients with penicillin and cephalosporin allergy can usually tolerate aztreonam [77]. Aztreonam is contraindicated in patients with prior allergic reactions to it or to any component of the formulation.

DRUG INTERACTIONS



No drug interactions have been reported with aztreonam [6,78].

SPECIAL POPULATIONS



Aztreonam is pregnancy category B, based on animal studies
        that have shown no ill effects of the drug. There are no human data available [6].
Aztreonam is secreted in breast milk in low concentrations; breastfeeding is not recommended because the effects of the drug have not been studied in young infants [78].
Aztreonam has not been studied for use in children younger than 1 month of age but appears safe in children older than 1 month of age, although it should be noted that manufacturer recommendations are for children older than 9 months of age [6,78]. It has been shown to be very useful in children with respiratory symptoms of cystic fibrosis [79].


9. AMINOGLYCOSIDES



The first aminoglycoside, streptomycin, was derived from Streptomyces griseus during the 1940s. Actinomycetes were studied for possible antimicrobial byproducts, and it was found that Micromonospora and Streptomyces produced useful agents. As newer, safer, and more effective aminoglycosides have been developed, the use of streptomycin is now confined primarily to certain management strategies for the treatment of tuberculosis.

Table 4: THE AMINOGLYCOSIDES
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Amikacin	5mg/kg every 8 hrs or 7.5 mg/kg every 12 hrs	15–22.5 mg/kg/day every 8 hrs OR 15–20 mg/kg/dose every 24 hours	IV, IM	Renal failure, vestibular nerve damage, auditory nerve damage	Predisposition to auditory/vestibular nerve damage may be genetic; check family history. Check serum levels. Doses are based on lean body mass; maintenance dose is based on calculation with creatinine clearance. Additional dose adjustments are needed in renal failure.
	Gentamicin	3–5 mg/kg/day in divided doses every 8 to 12 hrs, or5–7 mg/kg once daily	Infants:2–2.5 mg/kg/dose every 6 to 8 hrs	IV, IM, topical
	Neomycin	4–12 g/day in 4 to 6 divided doses for 5 to 6 days, or 4 g/day for an indefinite period	50–100 mg/kg/day in 3 to 4 divided doses	PO, topical	Systemic absorption is possible, resulting in the same side effects as amikacin.	Used as a bowel prep for surgery. Is also formulated in some topical eye, ear, and skin preparations.
	Plazomicin	15 mg/kg once daily for 4-7 days	N/A	IV	Renal failure	Boxed warning: Risk factors for nephrotoxicity include pre-existing renal impairment, elderly patients, concomitant. May cause ototoxicity; symptoms may be irreversible and may not become evident until after therapy is complete.
	Streptomycin	15–30 mg/kg/day or 1–2 g daily	
              20–40 mg/kg/day every 6 to 12 hrs in divided doses
Max: 1 g/dose or 2 g/day


            	IM	Renal failure, vestibular nerve damage, auditory nerve damage	
              This is the most ototoxic of aminoglycosides; levels must be monitored closely.
Can cause neuromuscular blockade and respiratory paralysis, especially when given soon after muscle relaxants or anesthesia.


            
	Tobramycin	1–2.5 mg/kg every 8 to 12 hrs. or4–7 mg/kg once daily dose	
              <5 yrs: 2.5 mg/kg every 8 hrs
>5 yrs:2–2.5 mg/kg every 8 hrs


            	IV, IM inhalation solution, ophthalmic ointment or solution	Renal failure, vestibular nerve damage, auditory nerve damage	
              Effects of nondepolarizing muscle relaxants can be increased.
Total body weight (as opposed to ideal body weight) should be used for underweight patients.


            
	Prescribing information is given for comparison purposes only. The higher dosage ranges reflect dosages for more severe infections. Please consult the manufacturer's package insert for the antibiotic for complete prescribing information, maximum dosages, and indications.


Source: [6,16]


MECHANISM OF ACTION



The basic structure of the aminoglycosides is an aminocyclitol ring. Different members of the family have different glycosidic linkages and side groups.
The aminoglycosides have at least two effects on the bacterial cell that ultimately result in cell death. These agents bind negative charges in the outer phospholipid membrane, displacing the cations that link the phospholipids together. This leads to disruption in the wall and leakage of cell contents. In addition, they inhibit protein synthesis by binding to the 30S subunit of the ribosome, causing miscoding and termination [80].
Although resistance to aminoglycosides is less common than with many other antibiotics, it can develop as a result of three known mechanisms. The most common pattern of resistance involves modification of the aminoglycoside molecule itself by enzymes produced by some bacteria. After the aminoglycoside is altered, it cannot bind as well to the ribosomes. The genes that encode for these enzymes are carried on plasmids, allowing rapid transfer of resistance between bacteria. Of note, amikacin has an S-4 amino 2-hydroxybutyryl (AHB) side chain that protects it against deactivation by many bacterial enzymes and is therefore less susceptible to this bacterial defense mechanism [81].
The binding site for aminoglycosides on the rRNA of the ribosome may also be altered, reducing binding. In addition, mutations that cause reduced uptake of aminoglycosides have been documented [81].
To combat resistances and overcome the relative natural resistance of enterococcus, other agents that target the cell wall are often used in conjunction with the aminoglycosides. Damage to the cell wall from the additional agents may be bactericidal in some cases and makes the cell wall more permeable to the aminoglycosides [82].

PHARMACOKINETICS



The aminoglycosides are effective for the treatment of
        aerobic gram-negative bacilli, such as Klebsiella
        species, Enterobacter, and P.
          aeruginosa. There is very little activity against anaerobes and gram-positive
        organisms, so combination therapy with a beta-lactam, vancomycin, or other agents active
        against gram-positive organisms and anaerobes is commonly used. The aminoglycosides are
        indicated for infections caused by susceptible organisms of the urinary tract, respiratory
        tract, skin and soft tissues, and sepsis due to gram-negative aerobic bacilli.
The aminoglycosides commonly used at present for treatment
        of systemic bacterial infection include gentamicin, tobramycin, and amikacin. Kanamycin is
        discontinued [17]. Aminoglycosides have
        negligible oral absorption and thus require parenteral administration. They also can be
        administered directly into body cavities and have a role in the management of pleural and
        peritoneal infection. Tobramycin is particularly useful for treatment of recurrent Pseudomonas infection in patients with cystic fibrosis and can be
        administered by aerosolized inhalation to facilitate optimal local antimicrobial effect
          [79]. In a large randomized,
        placebo-controlled clinical trial involving critically ill adults who had undergone invasive
        mechanical ventilation, a three-day prophylactic regimen of inhaled amikacin reduced the
        subsequent incidence of ventilator-associated pneumonia [174]. Neomycin is often used orally as part of a pre-operative bowel
        decontamination protocol.
The aminoglycosides are widely distributed in extracellular fluid, including pleural fluid, synovial fluid, abscesses, and peritoneal fluid. They are relatively insoluble in lipid, so the volume of distribution is lower in obese patients. They have poor distribution in bile, aqueous humor, bronchial secretions, sputum, and the CSF [15].
Aminoglycosides are excreted unchanged by the kidneys [6]. There is no reduction of dosage necessary in liver failure, as there is no hepatic metabolism of these agents. In renal failure, the dosage must be carefully adjusted based on glomerular filtration rate and measured serum levels. Serum levels should be monitored in all patients with reduced renal function [83].

TOXICITY



The most common adverse effect associated with
        aminoglycoside usage is nephrotoxicity, occurring in 10% to 25% of therapeutic courses [84]. Aminoglycosides are freely filtered by the
        glomeruli and quickly taken up by the proximal tubular epithelial cells, where they exert
        their main toxic effect by altering phospholipid metabolism. Aminoglycosides also cause
        renal vasoconstriction [85]. Critical
        factors in the development of acute kidney injury secondary to aminoglycoside nephrotoxicity
        are dosing and duration of therapy. A single daily large dose is preferable to more frequent
        dosing, as it appears to cause less accumulation in the tubular cells once the saturation
        point is reached [84]. Additionally,
        extending the dose interval to more than 24 hours in patients with renal impairment has been
        found to be effective, with irreversible nephrotoxicity reported in only 1% of patients
        studied [86].
Vestibular and auditory toxicity may also complicate treatment with aminoglycosides, though this is less common now as clinical awareness and careful dosage adjustment in relation to renal function has improved. These effects are usually reversible, and because there is some data suggesting that there is a genetic predisposition to ototoxicity, this drug class should be avoided in patients who have a family history of ototoxicity with aminoglycosides [87]. When aminoglycoside therapy is expected to exceed five to seven days, baseline testing of auditory function should be performed and monitored weekly for the duration of treatment.
Neuromuscular blockage has also been observed as a side effect. Aminoglycosides may aggravate muscle weakness in patients with neuromuscular disorders, such as myasthenia gravis and Parkinson disease, due to a curare-like effect on neuromuscular function [88].
Hypersensitivity reactions are not common with aminoglycosides, but rash, fever, urticaria, angioneurotic edema, and eosinophilia may occur. Very rare reactions include optic nerve dysfunction, peripheral neuritis, arachnoiditis, encephalopathy, pancytopenia, exfoliative dermatitis, and amblyopia. Bronchospasm and hoarseness have been known to occur with tobramycin inhalation solution [89].
The aminoglycosides are contraindicated in patients with hypersensitivity to the drug. Cross-sensitivity between aminoglycosides does occur. Streptomycin also contains metabisulfite and should be avoided if the patient is allergic to sulfites (more common in asthmatics) [6,90].

DRUG INTERACTIONS



There are numerous drug interactions that should be taken into consideration when using the aminoglycosides. The risk of nephrotoxicity may be increased with co-administration of other drugs that are nephrotoxic or in patients receiving loop diuretics (e.g., furosemide). Respiratory depression may occur if aminoglycosides are given with nondepolarizing muscle relaxants. Neomycin may affect digoxin levels by altering the bowel flora responsible for the metabolism of digoxin in the GI tract. Gentamicin may also cause increased serum digoxin levels [6,91].
In vitro deactivation of penicillins due to acylation has been observed, so the drugs should not be mixed in vitro. Tobramycin inhalation solution cannot be mixed in the nebulizer with dornase alfa [6].

SPECIAL POPULATIONS



Amikacin, gentamicin, neomycin, and streptomycin are pregnancy category D due to eighth cranial nerve toxicity that has occurred in the fetus with some aminoglycosides [6]. Plazomicin and tobramycin carry a boxed warning that states pregnant patients should be apprised of potential harm to the fetus with their administration [6].
Traces of amikacin, gentamicin, streptomycin, and tobramycin are excreted in breast milk, but they are compatible with breastfeeding because they are very poorly absorbed from the GI tract [6]. However, they may cause alterations in the normal bowel flora of the infant [6]. It is not known if neomycin or plazomicin are present in breast milk [6].
Half-life alterations occur in patients at extremes of age. The half-life in neonates and low-birth-weight infants may be considerably prolonged. The elderly may also have a longer aminoglycoside half-life due to an age-related decrease in renal function [92]. Geriatric dosing should be based on ideal body weight estimates [6].


10. MACROLIDES



The original macrolide, erythromycin, was discovered in 1952 by J.M. McGuire. It is produced by Saccharopolyspora erythraea (formerly known as Streptomyces erythreus). Semisynthetic derivatives (clarithromycin, azithromycin) have been produced from the original erythromycin, with modifications that improve acid stability, antibacterial spectrum, and tissue penetration.

Table 5: THE MACROLIDES
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Azithromycin	
              PO: 250–600 mg/day, or1–2 g/day
IV: 250–500 mg/day


            	
              PO:5–12 mg/kg/day
Max: 500 mg/day
Otitis media: 30 mg/kg as single dose (not to exceed 1,500 mg)


            	PO, IV, ophthalmic drops	GI upset	One dose of 1 g given PO can be used for non-GC urethritis/cervicitis. Interaction with pimozide/cyclosporine.
	Clarithromycin	250–500 mg every 12 hrs, or 1 g/day extended-release formulation for 7 to 14 days	>6 mos of age: 7.5 mg/kg every 12 hrs	PO	GI upset, metallic taste	Inhibits liver CYP 450 enzyme 3A4, resulting in multiple significant drug
              interactions. Special dosing combined with omeprazole and amoxicillin or lansoprazole
              and amoxicillin is one regimen used for H. pylori
              treatment.
	Erythromycin	
              Base: 250–500 mg PO every 6 to 12 hrs
Max: 4 g/day
Ethylsuccinate: 400–800 mg PO every 6 to 12 hrs
Max: 4 g/day
Lactobionate: 15–20 mg/kg/day IV in 4 divided doses, or 0.5–1 g IV every 6 hrs, or continuous infusion over 24 hrs (Max: 4 g/day)


            	
              Base: 30–50 mg/kg/day PO in 2 to 4 divided doses
Max: 2 g/day
Ethylsuccinate: 30–50 mg/kg/day PO in 2 to 4 divided doses Max: 4 g/day
Stearate: 30–50 mg/kg/day PO in 2 to 4 divided doses
Max: 2 g/day
Lactobionate: 15–50 mg/kg/day IV in 4 divided doses
Max: 4 g/day


            	PO, IV, ophthalmic solution, topical ointment, gel, or pad	GI intolerance (common), phlebitis at IV infusion site	Inhibits liver CYP 450 enzymes 3A4 and 1A2, resulting in multiple significant drug interactions.
	Fidaxomicin	200 mg twice daily for 10 days	Not studied in pediatric patients	PO	Nausea, abdominal pain	Used for treatment of diarrhea due to C. difficile
	
              Prescribing information is given for comparison purposes only. The higher dosage ranges reflect dosages for more severe infections. Please consult the manufacturer's package insert for the antibiotic for complete prescribing information, maximum dosages, and indications.
Non-GC = nongonococcal infection.


            


Source: [6,16]


MECHANISM OF ACTION



The macrolides are bacteriostatic, inhibiting protein synthesis by binding at the 50S ribosomal unit and by blocking transpeptidation and translocation. At high concentrations or with rapid bacterial growth, the effects may be bactericidal [93]. Data challenge the view of macrolides as global inhibitors of protein synthesis. Evidence demonstrates that these agents selectively inhibit the translation of a subset of cellular proteins, that they impact protein synthesis in a context-specific manner, and that they manifest site specificity of action [94,95,96,97,98].
Many bacteria that are resistant to the penicillins are also resistant to erythromycin. Bacterial resistance may result from decreased permeability of the cell membrane; in addition, an increase in active efflux of the drug may occur by incorporating a transporter protein into the cell wall [98,99,100].
The gene for this mechanism is transferred on plasmids between bacteria. Mutations of the 50S ribosomal receptor site may also develop, preventing binding of the erythromycin [101]. Lastly, bacterial enzymes have been described that may deactivate erythromycin [102]. It is likely that this form of resistance is also transferred on plasmids.
Many strains of H. influenzae are resistant to erythromycin alone but are susceptible to a combination with a sulfonamide [103]. Erythromycin ethylsuccinate and sulfisoxazole are manufactured as suspensions for use in treating acute otitis media in children older than 2 months of age [6]. They are useful for targeting H. influenzae, one of the common pathogens in otitis media in this age group.

PHARMACOKINETICS



Erythromycin has a wide spectrum of activity. Gram-positive bacteria that are usually susceptible to erythromycin include the Streptococcus species. Erythromycin is a second-line agent for gram-negative bacteria, such as H. influenzae (when used concomitantly with sulfonamides) and M. catarrhalis. Macrolides are particularly useful for their coverage of atypical bacteria, such as Mycoplasma and Chlamydia. Some spirochetes and mycobacteria are also susceptible to the macrolides. These drugs are indicated for upper respiratory tract infections, such as sinusitis, otitis media, pharyngitis, and bronchitis. They are also useful in the treatment of pertussis, Legionnaires disease, and diphtheria.
Macrolides are relatively poorly absorbed orally. Fidaxomicin is minimally absorbed and active only locally in the gastrointestinal tract. Food increases absorption of extended-release clarithromycin but has little or no effect on the immediate-release preparation of the drug. Food causes decreased absorption of both azithromycin capsules and erythromycin (including base and stearate formulations) [104]. Erythromycin may also be given intravenously.
All the macrolides have extensive tissue distribution, with less than adequate penetration into the brain tissue and the CSF [104]. Erythromycin is primarily excreted in feces and urine, with 2% to 15% unchanged [6]. Azithromycin is primarily excreted unchanged into the bile. Clarithromycin is excreted in the urine, both unchanged and as the hydroxy metabolite.
It may be necessary to adjust the doses of the macrolides in the presence of severe hepatic insufficiency. Azithromycin should be used with caution in adults with hepatic impairment; no dosage adjustments are recommended for renal impairment [6]. A dosage adjustment of clarithromycin may be appropriate in patients with hepatic impairment and concomitant severe renal impairment; clarithromycin doses may have to be reduced in severe renal failure [6].

SIDE EFFECTS/TOXICITY



While serious side effects with the macrolides are rare, milder side effects are common. Erythromycin stimulates motility in the GI tract, and this may cause abdominal cramping, diarrhea, nausea, and vomiting. Hepatic dysfunction with or without jaundice has occasionally been reported with erythromycin estolate. There have also been some reports of reversible hearing loss in patients treated with erythromycin in high doses or in the presence of renal insufficiency. With IV erythromycin, prolongation of the QT interval and ventricular tachycardia may occur [104].
Clarithromycin may cause nausea, diarrhea, abnormal taste, dyspepsia, and headache. There have been reports of tooth discoloration that is reversible with professional cleaning. Transient CNS changes with anxiety and behavioral changes, which resolve when the drug is discontinued, have also been reported [105].
Allergic reactions to macrolides are rare but may include rash and eosinophilia. Very rarely, severe reactions such as Stevens-Johnson syndrome have occurred. The drugs are contraindicated in patients with known hypersensitivity to the macrolides.

DRUG INTERACTIONS



Drug interactions are extensive. Erythromycin and clarithromycin are inhibitors and substrate for the 3A isoform subfamily of the cytochrome P450 enzyme system (CYP3A4). If they are given with a drug that is primarily metabolized by CYP3A, the drug serum levels may be increased and/or prolonged [6]. Erythromycin is contraindicated with concurrent use of cisapride, pimozide, dihydroergotamine, ergotamine, lovastatin, simvastatin, astemizole, or terfenadine. Clarithromycin is contraindicated with concurrent use of cisapride, pimozide, ergot alkaloids (e.g., ergotamine), or lomitapide [6]. Serum levels of theophylline, cyclosporine, ergotamine, carbamazepine, benzodiazepines, warfarin, amiodarone, and tacrolimus may also be affected by concurrent administration with erythromycin and clarithromycin. Hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitors levels may also be elevated, with increased risk for rhabdomyolysis [6,106].
Azithromycin is not likely to interact with drugs metabolized by CYP3A4. However, azithromycin interacts with pimozide, potentially resulting in QT interval prolongation and arrhythmia [107]. Co-administration with pimozide is therefore contraindicated. Levels of cyclosporine could potentially be increased and therefore should be monitored closely [6,108].

SPECIAL POPULATIONS



Erythromycin is pregnancy category B, with an erythromycin estolate preparation as the preferred form because it is less likely to cause hepatotoxicity. Surveillance studies have not shown any increase in adverse outcomes. Azithromycin is also category B [6]. The CDC recommends the use of azithromycin for the treatment of Chlamydia during pregnancy. Treatment with erythromycin is an approved alternative regimen [109].
Clarithromycin is pregnancy category C, based on the finding that it causes growth retardation in monkeys and adverse effects on other mammals, including fetal loss. A postmarketing surveillance study did not find any evidence of teratogenicity, but a Danish study found a doubling in the frequency of miscarriages among women treated with clarithromycin [110,111]. The manufacturer recommends that clarithromycin not be used in pregnant women unless there are no alternative therapies [6].
Erythromycin is excreted in breast milk, but the AAP considers it usually compatible with breastfeeding [57]. Clarithromycin is excreted in breast milk, but breastfeeding is considered acceptable when the relative infant dose is less than 10% [112]. One systematic review and meta-analysis demonstrated a significant association between post-natal use of erythromycin and infantile hypertrophic pyloric stenosis [113].


11. QUINOLONES



The first quinolone, nalidixic acid, was introduced in 1962. It was developed as a result of chloroquine synthesis. Later, derivatives with broader spectrum antimicrobial coverage were produced, leading to the current class of quinolone drugs (fluoroquinolones). As with other classes of synthetic and semisynthetic antimicrobials, alterations of side chains affect antimicrobial activity and pharmacokinetics [114].

Table 6: THE QUINOLONES
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Besifloxacin	1 drop 3 times daily (4 to 12 hrs apart) for 7 days	Same as adult dosing	Ophthalmic drops	Headache	Contact lenses should not be worn during treatment
	Ciprofloxacin	
              PO: 250–750 mg every 12 hrs
IV: 200–400 mg every 12 hrs


            	
              PO: 20–30 mg/kg/day in 2 divided doses
Max: 1.5 g/day
IV: 20–30 mg/kg/day in 2 divided doses
Max: 800 mg/day


            	PO, IV, topical, otic, ophthalmic solution or ointment	GI upset, headache	
              Photosensitivity can occur. Antacids decrease absorption. Can prolong QT interval.
Quinolones may cause tendon inflammation and rupture and may exacerbate myasthenia gravis associated muscle weakness.


            
	Delafloxacin	
              PO: 450 mg every 12 hrs for 5 to 14 days
IV: 300 mg every 12 hrs for 5 to 14 days


            	Not studied in pediatric patients	PO, IV	GI upset, increased serum transaminases
	Gatifloxacin	
              Days 1 and 2: 1 drop every 2 hrs while awake
Max: 8/day
Days 3–7: 1 drop 2 to 4 times/day


            	>1 yr: same as adult dosing	Ophthalmic drops	Headache, GI upset, conjunctival irritation, keratitis
	Levofloxacin	250–750 mg/day for 5 to 14 days	N/A	PO, IV, ophthmalmic drops, inhalation	GI upset, headache, phototoxicity
	Moxifloxacin	400 mg/day for 5 to 14 days	N/A	PO, IV, ophthalmic drops	GI upset, headache
	Ofloxacin	200–400 mg every 12 hrs	N/A	PO, otic, ophthalmic drops	GI upset, headache
	Ozenoxacin	Apply thin layer to affected area (up to 100 cm2) twice/day for 5 days	
              Infants >2 mos to 12 yrs: Same as adult dosing, except treated area may only be up to 2% of total body surface area (Max: 100 cm2)
>12 yrs: same as adult dosing


            	Topical	<1% experience rosacea-like face eruption, seborrheic dermatitis	Novel drug for treatment of impetigo caused by Staphylococcus aureus or Streptococcus
              pyogenes
	Prescribing information is given for comparison purposes only. The higher dosage ranges reflect dosages for more severe infections. Please consult the manufacturer's package insert for the antibiotic for complete prescribing information, maximum dosages, and indications.


Source: [6,16]


MECHANISM OF ACTION



Quinolones inhibit DNA gyrase and DNA topoisomerase, enzymes that mediate DNA supercoiling, transcription, and repair [6,115]. Quinolones convert these enzymes into cellular toxins, inhibit replication of bacterial DNA by blocking and/or inhibiting the enzymes, relax DNA supercoils, and enable DNA replication and repair. The interference with replication and transcription processes can lead to permanent chromosomal breaks. If the breaks overwhelm the SOS response and other DNA repair pathways, cell death can occur [116,117].
Bacterial resistance develops as a result of spontaneous mutations that change the binding sites for quinolones on the DNA gyrase and the DNA topoisomerase [116]. Mutations that decrease the ability of quinolones to cross the cell membrane also occur. Plasmids that carry quinolone resistance genes have been identified as an emerging clinical problem [117,118].

PHARMACOKINETICS



The quinolones are active against many gram-positive cocci, gram-negative bacilli, and atypical bacteria (e.g., Legionella, Mycoplasma). Older quinolones have poor activity against streptococci and anaerobes, at achievable serum levels, is relatively poor, although newer agents, such as moxifloxacin, have better coverage against streptococci (including S. pneumoniae with reduced penicillin sensitivity) and some anaerobes [119]. Gram-negative coverage includes Campylobacter, Enterobacter, E. coli, H. influenzae, Klebsiella, Salmonella typhi, Shigella, and Vibrio cholerae[119]. Indications for the use of quinolones include urinary tract infections, non-gonococcal infections of the urethra and cervix, pneumonia, sinusitis, soft-tissue infections, and prostatitis. Ciprofloxacin is indicated for post-exposure prophylaxis for anthrax, and levofloxacin has an indication for the treatment of inhalation anthrax infection [6]. The quinolones are absorbed well after oral administration, and peak serum levels in the elderly and those with reduced renal function approximate those achieved with intravenous usage. Food may delay the time to reach peak serum concentration but does not decrease total absorption. Oral absorption is diminished by coadministration of aluminum, magnesium, calcium, zinc, and/or iron preparations [119]. The drugs are distributed well throughout all tissues, including the prostate, although the levels in the CSF and prostatic fluid are lower than serum levels [6].
Most quinolones are metabolized in the liver and excreted in the urine, reaching high levels in urine. Moxifloxacin is mainly excreted nonrenally. It is metabolized, via glucuronide and sulfate conjugation in the liver, to an inactive metabolite [6,119,120]. Ciprofloxacin has a mixed route of elimination. As much as 35% to 70% of the ciprofloxacin dose is excreted renally [6].
In renal insufficiency, the quinolones that are primarily excreted renally and those with mixed routes of elimination require dosage adjustments [6]. Moxifloxacin doses do not have to be adjusted for mild hepatic insufficiency [6].

SIDE EFFECTS/TOXICITY



The most common side effect with the use of quinolones is GI upset. Less common side effects include headache, insomnia, dizziness, peripheral neuropathy, tendon rupture, elevated liver enzymes, and interstitial nephritis [6,121,122]. Rarely, hematologic toxicities have occurred, resulting in hemolytic anemia (more likely to occur in patients with glucose-6-phosphate dehydrogenase [G6PD] deficiency), aplastic anemia, and agranulocytosis [123]. Very rarely, hepatic necrosis and hepatic failure have been reported [6; 124].
Although allergic reactions are not common, they may occur and range from a rash to severe reactions, such as Stevens-Johnson syndrome. Very rare cases of severe fatal hypoglycemia have been reported with concurrent treatment with glyburide and ciprofloxacin [125]. Use quinolones with caution in patients with medical problems that predispose the patient to seizures. Quinolones should not be used in patients with CNS disorders [119].
There is also a risk of disabling peripheral neuropathy associated with the use of oral or injectable fluoroquinolones [126]. The onset can be rapid, and patients should be advised to contact their healthcare provider if any signs or symptoms develop. In these cases, the fluoroquinolone should be stopped and an alternative non-fluoroquinolone drug used, unless the benefit of continued treatment outweighs the risk [119,126].
In 2018, the FDA strengthened the warnings about the risks of mental health side effects (e.g., disorientation, agitation, delirium) and serious blood sugar disturbances (including hypoglycemia coma) associated with fluoroquinolones [127].

DRUG INTERACTIONS



Drug interactions are common and vary among the quinolones. Antacids may decrease the absorption of these agents. Iron supplements and other supplements with divalent and trivalent cations cause quinolone-cation complexes and impair absorption [119,128]. Concurrent use of nonsteroidal anti-inflammatory drugs (NSAIDs) appears to increase the risk of seizures [6,129].
Theophylline, phenytoin, and warfarin levels may be elevated in patients concurrently treated with ciprofloxacin. Serum levels or prothrombin time should be monitored, and the doses of these drugs should be altered as appropriate [6]. Dosage adjustments are not typically needed with other quinolones [119].

SPECIAL POPULATIONS



Quinolones should be used in pregnancy only if clinical benefit exceeds risk and a safer alternative is not available [119]. Because quinolones enter breast milk, their use during breastfeeding should be avoided if alternative agents are available [119].
Quinolones are not routinely used as first-line therapy for pediatric patients but may be considered a reasonable alternative in situations where no safe and effective substitute is available (e.g., multi-drug resistance) [6].


12. SULFONAMIDES



Sulfonamides, the first true antibiotics, are derived from azo dyes. The first agent was sulfachrysoidine, used in 1935, which released sulfanilamide in vivo [130]. Modifications were made to the sulfanilamide to reduce side effects, resulting in the development of the modern sulfonamides. Many of the sulfonamides are no longer used as parenteral agents, but they continue to be used as topical agents or for treatment in specific conditions (e.g., prophylaxis for drug-resistant malaria). Some of these agents are no longer available in the United States but are still commonly used in other countries.
MECHANISM OF ACTION



The sulfonamides are bacteriostatic, exerting their effect as competitive antagonists of para-aminobenzoic acid (PABA). They inhibit dihydropteroate synthase from using PABA to synthesize dihydropteroic acid, a precursor of folic acid. The lack of folic acid intermediates ultimately results in impaired synthesis of nucleotides. Bacteria that use pre-formed folate are not susceptible to the bacteriostatic action. Silver sulfadiazine is one exception, as it exerts its effects on the cell membrane and cell wall and is bactericidal.
Unfortunately, bacterial resistance to sulfonamides is common, with cross-resistance between agents frequently occurring [131]. Mutations that result in additional production of PABA or changes in the enzyme binding sites for sulfonamides are responsible for the resistance [132,133]. Genes for these resistant mutations may be carried on plasmids, allowing rapid transfer to other similar bacteria and resulting in more rapid development of resistance patterns than through random mutation alone [133,134].
One method for improving bacterial activity against potentially resistant strains is the addition of trimethoprim [135]. Trimethoprim is a competitive inhibitor of dihydrofolate reductase, another enzyme active in the synthesis of folate [6]. Trimethoprim resistance is also common [136].

PHARMACOKINETICS



The sulfonamides can be divided into groups based on absorption and excretion characteristics. They are classified as short-to medium-acting agents, agents limited to activity in the GI tract, and topical agents.

Table 7: THE SULFONAMIDES
	Agent	Adult Dosing Range	Pediatric Dosing Range	Route	Common Side Effects	Comments
	Short- to Medium-Acting
	Sulfadiazine	2–4 g/day in 3 to 6 divided doses	
              >2 mos (initial): 75–150 mg/kg/day in 4 to 6 divided doses
>2 mos (maintenance): 150 mg/kg/day in 4 to 6 divided doses
Max: 6 g/day


            	PO	Rash, pruritus	
              Multiple drug interactions.
Contraindicated in infants <2 mos of age.


            
	Sulfamethoxazole/trimethoprim (TMP/SMX)	
              PO: 1–2 DS tablets every 12 to 24 hrs
IV: 8–20 mg TMP/kg/day in 2 to 4 divided doses


            	
              >2 mos PO:6–20 mg TMP/kg/day in 2 divided doses
IV: 6–20 mg TMP/kg/day every 12 to 24 hours
Max single dose: 160 mg TMP/dose


            	PO, IV	Rash, pruritus	
              Multiple drug interactions.
Weight-based dosing recommendations based on trimethoprim
                  content.


            
	Limited to GI Tract
	Sulfasalazine	
              RA: Initial: 0.5–1 g every 6 to 8 hrs Maintenance: 2 g/day in divided
                  doses
UC: Initial: 3–4 g in evenly divided doses every 8 hours
Titrate to 4–6 g in 4 divided doses


            	>2 yrs: 40–60 mg/kg/day in 3 to 6 divided doses	PO	Anorexia, headache, GI upset	Contraindicated with hypersensitivity to salicylates, sulfasalazine,
              sulfonamides, or mesalamine.
	Topical
	Mafenide	
              Cream: Apply 1.6 mm thick layer to burn area every 12 or 24 hrs
Solution: Wet dressing gauze every 4 hrs or as needed


            	Use adult dosing	Cream, powder for solution	Burning at application site, rash, allergic reaction	
              Used for treatment of second- and third-degree burns to prevent
                  infection.
Burn area should be covered with cream/wet at all times.
Apply with sterile gloved hand.


            
	Silver sulfadiazine	Apply 1.6-mm layer to burn area once or twice daily	Use adult dosing	Cream	Rash, allergic reaction
	Sulfacetamide	Dosage varies with the preparation.	Use adult dosing	Prepared in complex with other topical medications as a solution or
              ointment	Rash, local irritation	Combinations with fluorometholone, prednisolone, and phenylephrine are
              available, each with differing dosing, indications, and contraindications. Common
              for ophthalmic and topical use.
	
              Prescribing information is given for comparison purposes only. The higher
                  dosage ranges reflect dosages for more severe infections. Please consult the
                  manufacturer's package insert for the antibiotic for complete prescribing
                  information, maximum dosages, and indications.
DS = double strength; RA = rheumatoid arthritis; TMP = trimethoprim; UC =
                  ulcerative colitis.


            


Source: [6,16]


The Short- to Medium-Acting Sulfonamides



This group of agents includes sulfadiazine and sulfamethoxazole. Sulfadiazine is readily diffused into CSF and excreted largely in urine, 15% to 40% as metabolites and 43% to 60% as unchanged drug [6]. It is indicated for use in treating chancroid, trachoma, inclusion conjunctivitis, nocardiosis, UTIs, toxoplasmosis encephalitis, and malaria and for prophylaxis of rheumatic fever [6]. Sulfamethoxazole is combined with trimethoprim and is indicated for Pneumocystis jiroveci prophylaxis and treatment, upper respiratory tract infections, and urinary tract infections [6].

Sulfonamides Limited to Gastrointestinal Tract Activity



The agents limited to the GI tract are very poorly absorbed and have been used for reducing bacterial flora in the bowel before surgery. The only available agent in this class is sulfasalazine, which is used in the treatment of ulcerative colitis and for juvenile and rheumatoid arthritis in patients who have responded inadequately to salicylates or other NSAIDs [6]. Although absorption of sulfasalazine from the intact intestine is very low, inflammation in the bowel may result in significant absorption of the metabolite sulfapyridine [6].

Topical Sulfonamides



The topical sulfonamides include mafenide acetate and silver sulfadiazine, which are used in the treatment of burns. Mafenide is used less often because it may cause a metabolic acidosis as a result of carbonic anhydrase inhibition. An additional topical agent is sulfacetamide, which is used in ophthalmic and lotion formulations. Topical sulfonamides may be absorbed systemically, and if large burn areas are treated, absorption may be significant [6].


ABSORPTION/ELIMINATION



The sulfonamides are quickly absorbed after administration unless they have been altered to stay in the lumen of the intestine (e.g., sulfasalazine). After absorption, they are acetylated in the liver into a toxic but inactive form. The acetylated form is mostly excreted in the urine, with a small amount excreted in bile. These drugs are widely distributed throughout body tissue and fluids, including the CSF and peritoneal fluid [137].
The sulfonamides undergo acetylation and glucuronidation in the liver. Both the unchanged and metabolized forms are excreted in the urine through glomerular filtration and renal tubular secretion.
Mafenide may be used in renal failure, but monitoring of acid-base balance is recommended. Dosage and frequency of administration of other sulfonamides must be adjusted in renal failure based on serum levels. No data is available on dosing in hepatic insufficiency.

SIDE EFFECTS/TOXICITY



Allergic reactions with rash and itching are relatively common. Nausea, vomiting, diarrhea, headache, and photosensitivity may occur. Rare but severe hypersensitivity reactions, including vasculitis, anaphylaxis, serum sickness, and Stevens-Johnson syndrome, may occur [131]. Sulfacetamide lotion also contains metabisulfite, which may cause an allergic reaction in patients allergic to sulfites [6].
Sulfonamide ophthalmic preparations may cause local irritation. The topical mafenide may cause pain or burning locally. Systemic reactions may develop during treatment with ophthalmic and topical preparations of sulfonamides due to systemic absorption.
Less common reactions include metabolic acidosis that may occur with absorption of mafenide due to a byproduct, (rho) carboxybenzenesulfonamide, that inhibits carbonic anhydrase. Very rare reactions with sulfonamides include blood dyscrasias (agranulocytosis, aplastic anemia, thrombocytopenia, hemolytic anemia), hepatitis and hepatocellular necrosis, and toxic nephrosis due to crystalluria. Hemolysis is more likely to develop in patients with G6PD deficiency [131].
Sulfonamides are contraindicated in patients who are known to be allergic to sulfa drugs and in cases where there have been previous adverse effects to sulfonamides [6].

DRUG INTERACTIONS



Warfarin, phenytoin, and sulfonylureas may all be potentiated due to displacement of the drugs from serum albumin by the sulfonamides [6]. Cyclosporine levels may be decreased, and levels should be monitored [6]. Administration of PABA may antagonize the effects of sulfa drugs.

SPECIAL POPULATIONS



Sulfa drugs should be avoided in pregnancy near term due to the increased potential for kernicterus in the newborn [131]. Animal studies with sulfamethoxazole show bone abnormalities and a higher incidence of cleft palate. Adequate studies have not been done in pregnant women [131].
Mafenide, sulfacetamide ophthalmic drops, and sulfadiazine are pregnancy category C. Sulfacetamide lotion has not been studied in pregnancy. Adverse events were not observed in animal reproduction studies of silver sulfadiazine; nevertheless, it is contraindicated for use near term in pregnant women [6].
Sulfonamides are excreted in breast milk. Sulfamethoxazole and sulfisoxazole are considered compatible with breastfeeding by the AAP, although they should be avoided if hyperbilirubinemia or G6PD deficiency is present [57]. Sulfacetamide lotion and silver sulfadiazine have not been studied in breastfeeding but would presumably also be excreted in breast milk; use with caution in breastfeeding women [6]. The manufacturer considers the use of sulfadiazine to be contraindicated in breastfeeding women [6].
Because of the risk of neonatal kernicterus, use of sulfonamides should be avoided in the newborn. Sulfacetamide eye drops have not been studied in children younger than 2 months of age [6].


13. TETRACYCLINES



Chlortetracycline, the first tetracycline, was developed in 1948 as a product of Streptomyces aureofaciens. Chlortetracycline was altered to produce tetracycline. Doxycycline and minocycline are semisynthetic derivatives.
Tetracyclines bind to the 30S ribosomal subunit (and possibly the 50S ribosomal subunits of susceptible bacteria), blocking the binding of aminoacyl transfer-RNA [6,138]. This results in inhibition of protein synthesis, with bacteriostatic effects.
Bacterial resistance is typically the result of mutations that either prevent entrance of tetracyclines into the cell or increase the export of tetracycline out of the cell [139]. The resistance may be transmitted by plasmids [140].
MECHANISMS OF ACTION AND PHARMACOKINETICS



The tetracyclines have a broad spectrum of activity that includes aerobic gram-positive and gram-negative bacilli, atypical bacteria (such as Chlamydia trachomatis, Chlamydia psittaci, and Mycoplasma pneumoniae), and spirochetes (such as Borrelia burgdorferi). Tetracycline is also a second-line agent for T. pallidum. It is approved by the FDA for treatment of rickettsial infections, typhus, Rocky Mountain spotted fever, trachoma, nongonococcal urethritis, and lymphogranuloma venereum [6].
As a result of decades of clinical and agricultural use, the prevalence of resistance to tetracyclines is now high among common gram-positive and gram-negative pathogens. For this reason, and because they are bacteriostatic, the role of tetracyclines is limited for treatment of most pyogenic infections. Primary indications for this class are atypical infections (e.g. mycoplasma and chlamydia) and zoonoses (e.g. tularemia and brucellosis).
The tetracyclines may be divided into three groups based on their pharmacokinetic traits. These groups are the short-acting group, intermediate-acting group, and long-acting group. The varying half-lives are the result of different rates of renal excretion [6].

Table 8: THE TETRACYCLINES
	Agent	Adult Dosing Range	Pediatric Dosing Rangea	Route	Common Side Effects	Comments
	Short-Acting
	Tetracycline	250–500 mg every 6 to 12 hrs	25–50 mg/kg/day in 4 divided doses	PO	Photosensitivity, tooth enamel deformities in children <8 yrs of age	Polyvalent cations decrease absorption.
	Intermediate-Acting
	Demeclocycline	150 mg every 6 hrs or 300 mg every 12 hrs	≥8 years:8–12 mg/kg/day in 2 to 4 divided doses	PO	GI upset, tooth enamel deformities in children <8 yrs of age	Polyvalent cations decrease absorption. Use caution if used with warfarin.
	Long-Acting
	Doxycycline	
              PO: 100–200 mg/day in 1 to 2 divided doses
IV: 100 mg every 12 hrs


            	
              <45 kg: 2–5 mg/kg/day in 1 to 2 divided doses
Max: 200 mg/day
>45 mg: Same as adult dosing


            	PO, IV	Phlebitis at IV site, photosensitivity, tooth enamel deformities in children <8 yrs of age	Polyvalent cations decrease absorption. Use caution if used with warfarin.
	Minocycline	
              Initial: (IV, PO): 200 mg Maintenance: (IV): 100 mg every 12 hrs
Max: 400 mg/day
Maintenance (PO): 100 mg every 12 hrs, OR 100–200 mg initially, followed by 50 mg 4 times daily


            	
              Initial: (IV, PO): 4 mg/kg/dose 
Maintenance: 2 mg/kg/dose every 12 hrs
Max: 400 mg/day


            	PO, IV	GI upset, tooth enamel deformities in children <8 yrs of age
	
              Prescribing information is given for comparison purposes only. The higher dosage ranges reflect dosages for more severe infections. Please consult the manufacturer's package insert for the antibiotic for complete prescribing information, maximum dosages, and indications.
SIADH: syndrome of inappropriate antidiuretic hormone hypersecretion.
aAll pediatric doses are for children older than 8 years of age.


            


Source: [6,16]


Short-Acting Tetracyclines



The short-acting tetracyclines include tetracycline, the namesake of the class. Frequent dosing is needed because of the very short half-life of these agents. The class previously included oxytetracycline, but the agent is no longer available in the United States [6]. Tetracycline is inexpensive but requires dosing every six hours for most indications. A less frequent dosage protocol is commonly used for the treatment and prevention of acne [6].

Intermediate-Acting Tetracyclines



The only intermediate-acting agent available in the United States is demeclocycline. Demeclocycline is no longer used as an antibiotic but rather has been used as an off-label drug to treat the syndrome of inappropriate antidiuretic hormone (SIADH) [6,141]. However, studies have suggested that there is limited high-quality evidence to suggest that demeclocycline is effective in managing this condition, and European clinical practice guidelines recommend against the use of demeclocycline for the management of hyponatremia in patients with SIADH [6,142].

Long-Acting Tetracyclines



The long-acting tetracycline agents include doxycycline and minocycline. The main difference between these and the short-acting agents is that these may be dosed less frequently (once or twice daily), which is an advantage in ensuring compliance [6]. The spectrum of bacterial coverage is essentially the same and the indications are the same, with the additional indication for the treatment of inhalation anthrax as part of a multidrug regimen.


ABSORPTION/ELIMINATION



Tetracycline is well absorbed after an oral dose taken in the fasting state. Doxycycline and minocycline are well absorbed after an oral dose and may be given with or without food.
The tetracyclines are well distributed throughout body tissues and fluids; distribution in the CSF is adequate for the treatment of some infections [6,143,144]. The excellent tissue penetration results in the ability of the drug to cross into the dentin, where the tetracycline permanently chelates with the calcium [145].
Most of the tetracycline dose is excreted unchanged into the
        urine by glomerular filtration, although there is some biliary excretion as well. Nonrenal,
        possibly hepatic, mechanisms account in large part for excretion of doxycycline and
        minocycline. Approximately 23% to 40% of doxycycline and 5% to 12% of minocycline is
        excreted in the urine [6].
Tetracycline should be used with caution in the presence of renal insufficiency, because it accumulates rapidly in the serum in the presence of decreased renal function [6]. Doxycycline may be used in renal failure, as it will be excreted into the bile [6,146]. Hepatotoxicity has been rarely reported [6].

SIDE EFFECTS/TOXICITY



Tetracyclines commonly cause GI upset, including nausea, vomiting, and diarrhea. There is conflicting evidence of staining and deformity of the teeth in children younger than 8 years of age. Photosensitivity, idiopathic intracranial hypertension, esophageal ulceration, and hepatotoxicity occur rarely [6].
Minocycline is often associated with vertigo, nausea, and vomiting, and it may increase azotemia in renal failure. In addition, prolonged use of minocycline may cause reversible discoloration of the fingernails, the sclera, and the skin [6]. Minocycline has been associated with a lupus-like reaction [6].
Allergic reactions to tetracyclines are not common but may
        range from mild rashes to anaphylaxis. Tetracyclines are contraindicated in patients who
        have shown hypersensitivity to any tetracyclines.

DRUG INTERACTIONS



Several types of drug interactions result in alterations in serum levels of tetracyclines. Agents that alkalinize the urine will increase excretion of the tetracyclines. Polyvalent metal cations (calcium, aluminum, zinc, magnesium, and iron) and bismuth decrease absorption [6,147]. Drugs that induce hepatic enzymes may decrease the half-life of doxycycline.
Interactions that affect the efficacy of other drugs also occur. The bactericidal effect of penicillins may be decreased by co-administration with tetracyclines. Concurrent use of oral contraceptives may make the contraceptive less effective [6,148,149]. The effects of warfarin are increased, probably because tetracyclines depress warfarin metabolism and plasma prothrombin activity, resulting in a synergistic effect [6,150]. Digoxin effects may be increased because of changes in the bowel flora that are responsible for digoxin metabolism [151].

SPECIAL POPULATIONS





Evidence Based Practice Recommendation

The Infectious Diseases Society of America asserts that tetracyclines
          should not be used in children younger than 8 years of age.
https://academic.oup.com/cid/article/52/3/e18/306145

             Last Accessed: January 11, 2024
Level of Evidence: A-II (Good evidence
          from >1 well-designed clinical trial, without randomization; cohort or case-controlled
          analytic studies; multiple time-series; or dramatic results from uncontrolled
          experiments)


Tetracycline is pregnancy category D because of impaired bone development in the fetus. Hypoplasia of the enamel and discoloration of fetal teeth may occur, and maternal hepatic toxicity has been reported as well [6,152,153].
Tetracyclines are excreted into the breast milk in small amounts. Most exposed infants have very low blood levels of the drug and probably are not at risk [6]. In the past, tetracyclines were contraindicated in children younger than 8 years of age because of the risk for tooth deformity. However, doxycycline is the current first-line therapy for Rocky Mountain spotted fever in children of all ages, including those younger than 8 years of age [154]. Limited studies indicate that short courses of the medication were not associated with dental side effects in this population [155].


14. VANCOMYCIN



Vancomycin is the oldest member of the glycopeptide antibiotics class, a group of large molecules that inhibit bacterial cell wall synthesis. Glycopeptides have a high binding affinity for peptides found only in bacterial cell walls. This interaction disrupts peptidoglycan polymerization, the late-stage reaction that imparts rigidity to the cell wall [6,156]. Gram-positive organisms, both cocci and bacilli, are highly susceptible to glycopeptides.
Vancomycin was developed more than 50 years ago as an alternative intravenous therapy for serious staphylococcal and streptococcal infections in patients allergic to beta-lactams. In this early period, vancomycin usage was associated with a high incidence of vestibular and renal toxicity. The cause was attributed in large part to impurities in the formulation, a problem solved in subsequent years. At present, the major role for vancomycin is in the treatment of serious infections caused by MRSA, methicillin-resistant S. epidermidis (MRSE), and ampicillin-resistant enterococci [157]. An oral formulation is available for the treatment of C. difficile-associated diarrhea/colitis.
MECHANISMS OF ACTION AND PHARMACOKINETICS



Vancomycin is not absorbed by the intestinal tract and must be administered by intravenous infusion, except for the formulation for the treatment of C. difficile-associated diarrhea/colitis [6]. The determination of a safe, effective dosage regimen, and decisions regarding monitoring of therapy, are complex matters that require consideration of multiple factors, including the site and severity of infection, the patient's weight and renal function, the susceptibility of the infecting organism, and the anticipated duration of therapy [158]. The usual adult dose is 15–20 mg/kg/dose every 12 hours. The rate of infusion should be no more than 500 mg/hour, as rapid infusion causes an uncomfortable generalized erythroderma ("red man" syndrome) [6]. The red man syndrome is a histamine-mediated flushing that occurs during or immediately following infusion and does not mandate discontinuation unless slowing the infusion rate fails to mitigate the reaction.

ABSORPTION/ELIMINATION



Vancomycin is cleared almost entirely by the kidneys. Prolonged usage at excessively high therapeutic serum levels has been associated with nephrotoxicity and ototoxicity [6]. In treating patients with invasive staphylococcal infection and MRSA, it is considered important to use the maximum dosage (target trough serum vancomycin level of 15–20 mcg/mL) in order to assure optimal therapeutic effect [158]. The serum creatinine and trough vancomycin level (target <20 mcg/mL) should be monitored once or twice weekly in such cases, as well as in all patients who are elderly or have impaired renal function.

SIDE EFFECTS/TOXICITY



Apart from the (avoidable) red man syndrome, vancomycin administration is well tolerated and side effects are uncommon. As with beta-lactams and sulfonamides, vancomycin is a good sensitizing agent; allergic manifestations such as fixed drug eruptions and drug fever are relatively common. Vancomycin nephrotoxicity does occur. The incidence is low, the exact mechanism is poorly understood, and the impact is usually reversible upon discontinuation of the drug. Risk factors for nephrotoxicity include total daily dose in excess of 3–4 grams, trough serum vancomycin levels >20 mcg/mL, pre-existing renal disease, concomitant use of other nephrotoxic drugs (e.g. aminoglycosides), and duration of therapy longer than one week [159].
In 2017, the FDA published a safety review that indicated that use of intraocular vancomycin prophylactically during cataract surgery, alone or in a compound formula, should be avoided because of the risk of hemorrhagic occlusive retinal vasculitis [6,160].
Reversible neutropenia, presumably from bone marrow toxicity, is sometimes seen in patients receiving prolonged vancomycin therapy (e.g., for endocarditis and osteomyelitis). Oral vancomycin is not absorbed and thus imposes no risk of nephrotoxicity or ototoxicity.


15. ANTIMICROBIAL PEPTIDES



The increasing prevalence of antimicrobial resistance among clinical isolates of staphylococci and streptococci severely limits therapeutics for serious infections caused by these common pathogens. Thus, there is ongoing research on alternative antimicrobial mechanisms and development of novel therapies needed for treatment of multidrug-resistant bacterial infection. Antimicrobial peptides are naturally occurring molecules and semisynthetic derivatives that have bactericidal activity against micro-organisms. Naturally occurring peptides with antimicrobial activity are produced by a variety of organisms (e.g., plants, insects, marine life) and serve to protect the host from pathogenic micro-organisms. Antimicrobial peptides exert their effects via multiple mechanisms: cell-membrane attachment, disruption, and leakage of cell contents; inhibition of intracellular protein and nucleic acid synthesis; attenuation of protein folding; and prevention of cell wall biosynthesis [175].
DAPTOMYCIN



Daptomycin is a cyclic lipopeptide produced by Streptomyces roseosporus having bactericidal activity against a wide range of gram-positive cocci. The spectrum of activity includes human pathogens such as methicillin-sensitive Staphylococcus aureus, MRSA, and Enterococcus. The exact mechanism of action is unclear; it targets the bacterial cell membrane where interactions lead to rapid depolarization due to potassium efflux, leakage of cell contents, and disruption of the architecture of the cell membrane [175]. Following clinical trials to assess efficacy and the parameters of safe dosage, daptomycin was approved by the FDA in 2006 for parenteral treatment (4 mg once daily) of complicated bacterial skin and soft tissue infections. Subsequent experience and formal clinical trials have demonstrated that daptomycin efficacy is comparable to standard therapy for treatment of MRSA bacteremia and endocarditis, especially when administered at the higher dose of 6–10 mg daily. Daptomycin is an option for salvage and first-line treatment of bacteremia, endocarditis, and osteomyelitis caused by MRSA and Enterococcus isolates showing resistance to vancomycin (minimal inhibitory concentration >2 mg/L) [176].
Adverse effects of daptomycin are rare with once daily dosing. Skeletal myopathy has been reported, mostly prior to 2006 when daptomycin was administered in multiple daily doses. When high dosage or prolonged daptomycin regimens are employed, coadministration with other drugs associated with myopathy, such as hydroxymethylglutaryl CoA reductase inhibitors (statins), should be avoided, and patients should be monitored for muscle pain or weakness [177]. Eosinophilic pneumonia has been reported in association with prolonged treatment of osteomyelitis. In a cohort study involving 1,021 patients who received daptomycin for bone and joint infections, 17 (1.7%) were diagnosed with daptomycin-induced eosinophilic pneumonia [178]. All patients recovered upon discontinuation of daptomycin.

LYPOGLYCOPEPTIDES



Lipoglycopeptides are semisynthetic derivatives of glycopeptides, akin to vancomycin and developed for treatment of multidrug-resistant staphylococcal and enterococcal infections. These newer agents have enhanced activity and favorable pharmacokinetics—in some cases, permitting administered at weekly intervals. In comparison to vancomycin, lipoglycopeptides have greater potency against gram-positive bacteria, including vancomycin-resistant strains, and appear less likely to lead to emergence of resistant organisms [161,162,179]. As with vancomycin, lipoglycopeptides must be administered intravenously. The lipophilic side chain prolongs plasma half-life and helps anchor these agents to the outer structure of the bacterial cell, inhibiting cell wall synthesis and disrupting cell membrane integrity [163]. In animal studies, lipoglycopeptides have proven effective in treating a variety of serious gram-positive infections, including bacteremia, pneumonia, and endocarditis [161,162]. Clinical studies of efficacy in humans have been limited to date.
At present, three lipoglycopeptides, telavancin, dalbavancin, and oritavancin, are approved by the FDA for the treatment of acute bacterial skin and soft-tissue infection. Clinical trials show equivalent or superior efficacy against MRSA skin infection when compared with vancomycin [7,162,164]. Telavancin is also approved for treatment of hospital-acquired and ventilator-associated S. aureus pneumonia. A phase III clinical trial is ongoing to assess telavancin efficacy and safety for treatment of complicated S. aureus bacteremia and right-sided endocarditis [179]. The side effect profile of these agents is mild and comparable to other effective regimens. Reported adverse effects include headache, nausea, pruritus, pain at injection site, and fever. Taste disturbance (i.e., metallic taste), nausea and vomiting, and foamy urine have been reported with telavancin [6,163].
Of note, a risk/benefit analysis should be conducted when using telavancin in patients with pre-existing moderate-to-severe renal impairment treated for hospital-acquired or ventilator-associated bacterial pneumonia, as mortality is increased compared with administration of vancomycin [6].
Dalbavancin has the advantage of a prolonged plasma half-life (6 to 10 days), allowing for weekly administration and perhaps obviating the need for an indwelling central line. In adults and children 12 to 17 years of age, the best-studied treatment protocol is 1 g IV, followed by 500 mg weekly [164,165]. In a randomized trial comparing dalbavancin (1 g IV on days 1 and 8) with vancomycin (IV for 3 days followed by the option of oral linezolid to complete 10 to 14 days) for treatment of skin infection, the clinical response outcomes were similar in both treatment arms. For patients with S. aureus infection, including MRSA, clinical success was observed in 90.6% of patients treated with dalbavancin and 93.8% of those who received vancomycin-linezolid [164].
The lipoglycopeptides have had some adverse effects on fetal development in animals; safety data in pregnant women are limited. These agents should be used during pregnancy only when the benefit outweighs the risk [163].


16. PLEUROMUTILINS



Pleuromutilins were discovered as natural-product antibiotics in 1950. However, their use was limited to veterinary medicine until 2007, when the first agent (retapamulin) was approved for use in humans [166]. Retapamulin was only approved for topical application. In 2019, lefamulin was approved for human use via oral and intravenous delivery [6]. Pleuromutilin derivatives are designed primarily through modifications at the C(14) side chain [166].
These agents inhibit bacterial protein synthesis through interactions (hydrogen bonds, hydrophobic interactions, and Van der Waals forces) with the A- and P-sites of the peptidyl transferase center in domain V of the 23s ribosomal RNA of the 50S subunit [6]. The binding pocket of the bacterial ribosome closes around the mutilin core for an induced fit that prevents correct positioning of transfer RNA [6].
Retapamulin is used for the topical treatment of impetigo. A small amount is applied to the affected area twice per day for five days [6]. Possible side effects include eczema, application site reactions, diarrhea, headache, and nasopharyngitis.
Lefamulin is approved for the treatment of community-acquired bacterial pneumonia [6,167]. The usual dose is 600 mg every 12 hours for oral administration or 150 mg every 12 hours for IV use [6]. Treatment is generally at least five days; patients should be afebrile for ≥48 hours and clinically stable prior to discontinuation. The most common adverse reactions include diarrhea, nausea, injection site reactions, elevated liver enzymes, and vomiting [167]. It is contraindicated in patients with certain arrhythmias or who are prescribed drugs to prolong QT intervals.

17. INVESTIGATIONAL ANTIBIOTICS FOR DRUG-RESISTANT MICRO-ORGANISMS



Researchers continue to explore new methods and the search for drugs to aid in the prevention of antibiotic resistance. Progress has been made in recent years, with two new antibiotics void of cross-resistance with existing antibiotics being discovered through soil sample screening: teixobactin and pseudouridimycin.
Teixobactin, a cyclic depsipeptide antibiotic, works by binding to a highly conserved motif of lipid II (precursor of peptidoglycan) and lipid III (precursor of cell wall teichoic acid), inhibiting bacterial cell wall biosynthesis [168,169]. Teixobactin has been shown effective at treating an array of gram-positive pathogens, including MRSA, vancomycin-resistant Enterococcus, and Mycobacterium tuberculosis, with no known cross-resistance to other antibiotics [168,169]. With reports in 2016 of efficient syntheses of two teixobactin analogues, this class of drugs may be part of the solution to bacteria resistant to currently available antibiotics [168,169].
Pseudouridimycin, a nucleoside-analog inhibitor, acts by inhibiting bacterial RNA polymerase, an enzyme responsible for bacterial RNA synthesis, through a binding site. The structure is similar to rifampin, an antitubercular agent that inhibits the enzyme; however, the mechanism of action does differ so as not to cause a cross-reaction with rifampin [170,171]. Pseudouridimycin has been shown effective for a broad spectrum of drug-sensitive and drug-resistant bacteria.
Researchers are currently attempting to conduct synthesis of these two new classes of drugs with varying, but promising, success. Although it may take several years for these or other new antibiotics with no cross-resistance to be developed, promising progress is continuing, and researchers estimate that, once approved, resistance to these novel drugs could take decades, rather than years, to develop [168,169,170,171].

18. CONCLUSION



Antibiotics are commonly used drugs that have diverse actions, side effects, and toxicities. The large number of antibiotics available makes it challenging to understand the important characteristics of each antimicrobial class, including clinical indications, spectrum of activity, dosage, and toxicities. Knowing the general characteristics by antibiotic class and having experience with one or two key agents within each class improves recall and facilitates the selection of the most appropriate antibiotic for a given bacterial infection.
An understanding of the mode of action, spectrum of activity, and potential toxicity enables the practitioner to tailor a therapeutic regimen specific to the infectious etiology and of appropriate duration. This in turn lessens the likelihood developing microbial resistances and reduces risk of adverse effects.
It is important to remember that the indications given by the FDA are guidelines. Many antibiotics are used for off-label purposes, and occasionally in doses that differ from those recommended for the usual indications. This may be necessary when faced with managing severe and life-threatening infections or for special populations, such as premature infants, neonates, and the elderly. Before using a specific agent, one should always consider carefully reviewing the detailed information (package insert) provided by the manufacturer.
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Course Overview



Severe sepsis and septic shock present the clinician with a difficult management
        situation. The patients are usually unstable and may rapidly progress to ARDS, MODS, and
        death. There are evidence-based guidelines available to assist in the diagnosis and
        treatment of these disorders. This course outlines some of the current recommendations and
        suggestions by the Society of Critical Care Medicine and other experts experienced in
        treating patients with these disorders.
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This course is designed for all healthcare professionals who work with patients who present with sepsis, including nurses and physicians.
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 Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 Successful completion of this CME activity, which includes participation in the activity with individual assessments of the participant and feedback to the participant, enables the participant to earn 4 MOC points in the American Board of Pediatrics' (ABP) Maintenance of Certification (MOC) program. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABP MOC credit.

 This continuing education activity is approved for 5 CE credits by the Association, and Associate members of AST of Surgical Technologists, Inc., for continuing education for the Certified Surgical Technologist, Certified Surgical First Assistant, and Associate members of AST. This recognition does not imply that AST approves or endorses any product or products that are included in the enduring materials. 
Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.
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The purpose of this course is to provide healthcare professionals with a current review and updated, evidence-based guidance for the diagnosis and management of sepsis and septic shock. The objective is to address knowledge gaps, enhance clinical skill, and enable effective strategies of collaborative care to improve patient outcomes.
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Upon completion of this course, you should be able to:
	Define the various stages of sepsis, and describe the history and incidence of sepsis relative to mortality.
	Identify risk factors associated with the development and progression of sepsis.
	Describe the pathogenesis of SIRS, including the five phases of development, and the pathophysiology of sepsis.
	Anticipate and assess emerging organ dysfunction associated with septic shock.
	Recognize clinical and laboratory parameters of sepsis, and implement a strategy for antimicrobial therapy and incremental resuscitation that incorporates fluids, inotrope-vasopressors, and the selective use of corticosteroids.
	List the diagnostic criteria of suspected SIRS in the pediatric patient.
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Implicit Bias in Health Care




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

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


1. INTRODUCTION AND DEFINITIONS



Sepsis is a systemic pathophysiologic and clinical syndrome caused by infection and manifest by signs of inflammation, host immune response, and organ dysfunction. The causes of sepsis are myriad, and the scope of illness is broad. Most cases of sepsis syndrome arise from bacterial infection, but certain viral (e.g., Ebola and other hemorrhagic fevers) and fungal (e.g., candidiasis, histoplasmosis) infections induce a sepsis syndrome as well.
Infection may be defined as invasion of normally sterile host tissue by a micro-organism. Clinically, infection is recognized by the constellation of symptoms and signs that result from the host's immune response to an invading micro-organism. Bacteremia is defined as demonstrable evidence (e.g., by culture) of viable bacteria within the general circulation.
Historically, there has been some confusion and a lack of consensus with respect to the various stages of systemic infection and how best to manage patients along the spectrum of illness and complications induced by sepsis. This lack of consensus prompted the American College of Chest Physicians (ACCP) and the Society of Critical Care Medicine (SCCM) to convene a conference for the purpose of agreeing on definitions for sepsis and its sequelae. The ACCP/SCCM published their definitions in 1992[1].
A second task force, international in scope, was convened in 2001. The purpose of this conference (sponsored by the ACCP, SCCM, the European Society of Intensive Care Medicine, the American Thoracic Society, and the Surgical Infection Society) was to modify, where appropriate, the original ACCP/SCCM definitions to reflect current understanding of the pathophysiology of sepsis. Although the signs and symptoms of sepsis were expanded to reflect clinical bedside experience, the task force found insufficient evidence to support alternative definitions of sepsis [2]. This international effort spawned the global Surviving Sepsis Campaign, comprised of 29 sponsoring clinical specialty societies that convene at regular intervals to review the clinical literature and provide evidence-based guidelines for management of severe sepsis [3,4].
Task force guidelines redefined sepsis as a systemic inflammatory response arising from known or suspected infection, leading to widespread tissue injury and manifested by two or more of the following conditions [1,2]:
	Fever (temperature greater than 38.3°C [100.6°F])
	Hypothermia (core temperature less than 36°C [96.8°F])
	Tachycardia (heart rate greater than 90 beats per minute in adults)
	Tachypnea (respiratory rate greater than 20 breaths per minute)
	Altered mental status
	Hyperventilation (partial pressure of carbon dioxide [PaCO2] less
          than 32 mm Hg)
	Leukocytosis (leukocyte count greater than 12,000 cells per
            mm3)
	Leukopenia (leukocyte count less than 4,000 cells per
          mm3)


This emphasis on the systemic signs of inflammation as the marker for sepsis requires the recognition that other, noninfectious, pathophysiologic conditions also cause tissue injury and inflammation with systemic ramifications. Systemic inflammatory response syndrome (SIRS) includes any serious, ongoing inflammatory process resulting in end-organ damage and multisystem failure. SIRS encompasses a continuum of escalating inflammatory responses to infectious or noninfectious stimuli; end-organ dysfunction and mortality increase with each stage of the advancing inflammatory process. While sepsis is a common and important form, SIRS may also develop in response to noninfectious insults, including trauma, burns, pancreatitis, anaphylaxis, adrenal insufficiency, pulmonary embolism, myocardial infarction, massive hemorrhage, and cardiopulmonary bypass [1,5,6].
Severe sepsis has been defined as sepsis associated with organ dysfunction and tissue hypoperfusion. Signs of tissue hypoperfusion are hypotension (systolic blood pressure <90 mm Hg or a drop in systolic pressure of >40 mm Hg), lactic acidosis, oliguria, and acute alteration in mental status. Organ dysfunction results from falling blood pressure and widespread microvascular injury caused by circulating toxic byproducts of infection and the inflammatory immune response. Common manifestations include acute lung injury, renal failure, disseminated intravascular coagulation (DIC), and laboratory signs of liver dysfunction. In clinical practice, "septic shock" (a subset of sepsis) is present when there is persistent hypotension requiring vasopressor therapy, after adequate fluid resuscitation has been administered [1,7].
In 2014, the European and American societies of critical care medicine convened a third task force (Sepsis 3) to re-examine current concepts and definitions of sepsis and septic shock based on current understanding of the pathobiology, epidemiology, and management of sepsis. After a synthesis of evidence, the task force determined that previous definitions (as presented by the previous task forces) lacked precision because of excessive focus on inflammation. The task force also concluded that the conceptual model of sepsis invariably following a continuum through severe sepsis to shock is misleading; that the SIRS criteria have inadequate specificity and sensitivity for defining sepsis; and that the term "severe sepsis" is redundant. The Sepsis 3 report, with new consensus definitions for sepsis and septic shock, was published in 2016 [8]. The Sepsis 3 definitions are intended to provide greater clarity and specificity while emphasizing the life-threatening nature of sepsis syndrome. The goal is to achieve greater clinical recognition and consistency in diagnosis, therapy, and clinical investigation of sepsis.
The Sepsis 3 task force emphasized that sepsis is the primary cause of death from infection and thus requires early recognition, urgent attention, and prompt treatment. Following infection, the clinical characteristics of sepsis may emerge gradually over time, shaped by the interplay of pathogen factors and host factors such as genetic determinants, age, comorbidities, and environment. Sepsis is differentiated from infection by the presence of an aberrant or dysregulated host response accompanied by organ dysfunction. Sepsis-induced organ dysfunction may be occult; therefore, its presence should be considered in any patient presenting with infection. Conversely, unrecognized infection may be the cause of new-onset organ dysfunction. Any unexplained acute-onset organ dysfunction should thus raise the possibility of underlying infection. Pre-existing illness, chronic comorbidities, medication, and medical interventions may modify signs and symptoms of sepsis. At times, systemic infection may disrupt critical organ function without generating signs of systemic inflammatory host response [8].
The definition of sepsis is a syndrome defined as
      life-threatening organ dysfunction caused by dysregulated host immune responses to infection
        [8]. This new definition emphasizes the loss
      of adaptive homeostasis in response to infection, the potential lethality of infection when
      any degree of organ dysfunction is present, and the importance of urgent assessment and prompt
      treatment. Because even modest organ dysfunction has been found to confer a mortality risk in
      excess of 10%, sepsis is inherently a serious condition and the term "severe sepsis" is no
      longer considered useful [8].
The presence and extent of organ dysfunction can be assessed
      with various scoring systems that rely on clinical and laboratory parameters, such as the
      following [3,8,9]:
	Acute lung injury: A ratio of arterial oxygen tension to fraction of inspired oxygen
          of 280 or less
	The presence of a metabolic acidosis (e.g., lactate >2 mmol/L)
	Oliguria: Urinary output of less than 0.5 mL/kg body weight/hour for at least two
          hours in a patient with a urinary catheter in place
	Coagulation abnormalities: International normalized ratio (INR) >1.5
	Thrombocytopenia: Platelet count <100,000 cells/mcL
	Elevated bilirubin: >2 mg/dL
	Acute alteration in mental status


The scoring system currently used in most critical care units is the Sequential Organ Failure Assessment (SOFA) score, which grades abnormality by organ system and accounts for clinical interventions [9]. A higher SOFA score is associated with an increased probability of mortality. Organ dysfunction can be identified by an acute change in SOFA score ≥2 points consequent to the infection [8].
Working from a model derived from a large data base, the task force was able to identify and validate a simple "bedside" clinical measure that can be used to identify which patients with suspected infection are at risk for developing sepsis, referred to as the quick SOFA (qSOFA). This measure consists of three elements [8]:
	Respiratory rate ≥22 per minute
	Altered mentation
	Systolic blood pressure ≤100 mm Hg


Data analysis has demonstrated that patients with infection who are positive for two or more of these elements are likely to have a prolonged intensive care unit (ICU) stay (i.e., three or more days) or die in the hospital. Physicians and nurses can employ the qSOFA in the office, emergency department, or hospital ward to quickly identify which patients with an infection are on the clinical threshold of sepsis and thus at risk of further clinical deterioration. The task force suggests that positive qSOFA criteria be used to prompt clinicians to further investigate for organ dysfunction, to initiate or escalate therapy as appropriate, and to consider referral to critical care [8].
While the data analysis supports the use of qSOFA as a predictor of poor outcomes in patients, no analysis was performed to support the use of qSOFA as a screening tool, and numerous studies since publication of the Sepsis 3 report have yielded contradictory results as to its usefulness. For example, studies have shown that qSOFA is more specific but less sensitive than having two of four SIRS criteria for early identification of infection-induced organ dysfunction. Although the presence of a positive qSOFA can alert the clinician to the possibility of sepsis in all resource settings, the 2021 Surviving Sepsis Campaign guidelines for the management of sepsis and septic shock include a strong recommendation against using qSOFA compared with systemic inflammatory response syndrome (SIRS) criteria, national early warning score (NEWS), or modified early warning score (MEWS) as a single screening tool for sepsis or septic shock [10].
Sepsis 3 defines septic shock as a subset of sepsis in which underlying circulatory and cellular/metabolic abnormalities are profound enough to substantially increase mortality. Within the clinical construct of sepsis, the patient with septic shock can be identified by the presence of the following two criteria [8]:
	Persisting hypotension requiring vasopressors to maintain mean arterial blood pressure (MAP) ≥65 mm Hg
	Blood lactate >2 mmol/L despite adequate volume resuscitation


The hospital mortality rate for patients meeting these criteria is in excess of 40%, or four times greater than for patients with sepsis [8].

2. EPIDEMIOLOGY AND BURDEN OF SEPSIS



The first description of multiple organ failure appeared in 1973 in a discussion of three patients who died of distal organ failure that followed ruptured aortic aneurysms. Multiple organ failure was subsequently described as multiple, progressive, or sequential systems organ failure. It was noted that shock or infection alone did not cause the distal organ dysfunction. Other severe insults could set in motion an underlying reaction that would lead to widespread endothelial damage, edema resulting from increased vascular permeability, and impaired availability of oxygen [11,12,13].
Sepsis, septic shock, and multiple organ failure are major causes of morbidity and mortality in the United States. The Centers for Disease Control and Prevention (CDC) estimates that each year 1.7 million adults develop sepsis, at least 350,000 die as a result of sepsis, and 1 in 3 patients who dies in a hospital has sepsis [14]. Approximately 9.3% of all deaths in the United States can be attributed to sepsis, which equals the number of deaths resulting from myocardial infarction and far exceeds the mortality rates from acquired immune deficiency syndrome (AIDS) or breast cancer. The aggregate hospital cost of care for patients with septicemia totaled nearly $23.7 billion (6.2%) in 2013 [15,16,17].
A study of hospital emergency department visits between 1999 and 2005 found that of the 750,000 hospitalizations, more than two-thirds may have initially presented to an emergency department. Cases of suspected sepsis account for more than 570,000 emergency department visits annually. The average length of stay in the emergency department is 4.7 hours. However, more than 20% of patients with sepsis had a length of stay that exceeded six hours, resulting in a substantial burden on facilities nationwide in providing sepsis care [18,19].
The incidence of septicemia more than doubled between 1993 and 2009, increasing by an annual average of 6% [15]. Between 1993 and 2003, 8.4 million cases of sepsis and 2.4 million cases of severe sepsis were reported; the annual age-adjusted sepsis hospitalization and mortality rates increased from 5.6% to 8.2%, whereas the fatality rate decreased by 1.4% [20]. The percentage of severe sepsis cases among all sepsis cases increased from 25.6% to 43.8% during the same time period [20]. Sepsis is more common among men than women, and the fatality rate is greater in men and nonwhite populations [21].
Prior to 2017, national estimates of sepsis burden relied on the use of administrative codes, which demonstrated increasing incidence and decreasing mortality [22]. However, studies have demonstrated that coding for sepsis has steadily increased over the past decade, while coding for the most common underlying infections has been stable or decreasing. These analyses suggested that code-based case identification might be unreliable for surveillance purposes because of coding practice biases and changes in diagnosis over time [22]. In order to improve hospital surveillance of sepsis, the CDC developed a case definition based on objective clinical data elements conceptually analogous to Sepsis-3 and optimized for surveillance directly from electronic health records [22]. An analysis of data from 409 participating hospitals showed that sepsis was present in 6% of adult hospitalizations, and neither the incidence of sepsis nor the combined outcome of death or discharge to hospice changed significantly between 2009 and 2014 [23].
The reported incidence rates of sepsis increase with advanced age. Two-thirds of all sepsis cases occur in people 65 years of age and older, with case fatality rates as high as 40% [16]. In a study of the burden of sepsis among Medicare recipients for the period 2012 to 2018, six-month mortality rates remained high for septic shock (60%), severe sepsis (36%), sepsis attributed to a specific organism (31%), and unspecified sepsis (27%) [24]. In the same period, the estimated annual cost of sepsis care (inpatient and subsequent skilled nursing facility) for all Medicare patients increased from $27.7 to $41.5 billion.
Mortality from sepsis of gram-negative etiology is the cause of 20% to 50% of the overall total number of septic deaths. The figures are now similar for sepsis of gram-positive etiology [25]. Mortality has been reported as high as 60% in patients with underlying medical problems. Among patients who develop the complications of shock and organ failure, mortality can reach 90% [26]. Extent of organ failure contributes to the prognosis, with a greater survival rate in patients with fewer than three failing organs. The risk of death increases as each organ fails [26].
Sepsis is among the leading causes of hospitalization and ranks as the most expensive inpatient conditions treated in U.S. hospitals [15,27]. Hospitalized patients with sepsis include those with community-onset infection/sepsis and those with hospital-onset sepsis. Data from the 2008 National Hospital Discharge Survey show that the rate of hospitalization for sepsis increased from 11.8 to 24 per 10,000 population during the period 2000 through 2008 [27]. Compared with other conditions, the hospital stay for sepsis was 75% longer and the likelihood of dying during hospitalization was eight times higher. In a large cohort study of 2.2 million adult patients hospitalized in 2009–2015, hospital-onset sepsis complicated 1 in 200 hospitalizations and accounted for 1 in 8 sepsis cases [28]. Patients with hospital-onset sepsis had more comorbidities, longer hospital length of stay, and higher risk of death (33% vs 17%) than patients with community-onset sepsis. Among patients admitted without sepsis, hospital-onset sepsis tripled the risk of dying in the hospital. The estimated annual cost of hospitalization for sepsis and septicemia in 2013 was $14.6 billion and increasing at the rate of 11.9% each year [15,27].
Despite immense clinical effort and high treatment expenditures, mortality rates remain high. Those who survive often sustain permanent organ damage, some degree of physical disability, and long-term cognitive impairment [29].

3. RISK FACTORS AND PREVENTION



The risk of sepsis complicating an infection is determined by virulence of the pathogen and host factors that increase susceptibility and/or impede host defense mechanisms. Factors considered important in the development of sepsis include: recent use of broad-spectrum antibiotics; immunosuppressive drugs, such as cancer chemotherapy; invasive procedures; organ transplantation; burns or other trauma; anatomic obstruction; intestinal ulceration; extremes of age; and progressive clinical conditions, such as malignancy, diabetes, or AIDS [30].
To the extent that a patient seeks medical care at an early stage of infection, risk factors for sepsis might also include how well the healthcare provider has recognized the nature of the clinical issue and taken into account the patient's vulnerabilities. In a retrospective cohort study involving 46,000 hospitalized patients with sepsis in two large healthcare delivery systems, half the patients had outpatient clinical encounters in the week prior to hospitalization and one-third were diagnosed with an acute infection [31]. Outpatient primary care and subspecialty providers play an important role in identifying patients who are at risk for sepsis and in need of close follow-up.
The majority of infections that progress to sepsis begin outside of hospitals; however, as
      noted, most patients with sepsis have had recent encounters with the healthcare system even
      before becoming ill. Using a data set from the CDC Emerging Infections Program, a
      retrospective cohort study was designed to identify patient characteristics and risk factors
      for sepsis. Among 1,078 adult patients hospitalized with sepsis across 10 states, the median
      age was 64 years and 973 (90%) were classified as community-onset sepsis [32]. Of the total, 654 patients (60.7%) had
      healthcare exposures before hospital admission for sepsis and 447 (41.5%) had received medical
      treatment (e.g., antimicrobial drugs, chemotherapy, wound care, dialysis, surgery) in the 30
      days prior to admission. An etiologic diagnosis for sepsis was established in 57% of cases;
      the most common pathogens identified were Escherichia coli,
        Staphylococcus aureus, and Klebsiella pneumoniae. Controlling for other factors, the 30-day mortality was
      significantly higher in patients with cirrhosis, immunosuppression, and vascular disease.
      These findings indicate that most adult patients with sepsis have health facility exposures or
      medical treatment in the weeks before hospital admission for sepsis, encounters that may offer
      opportunities to intervene in ways that alter the disease course for patients at risk of
      severe outcomes [32].
Healthcare-associated infections are a major cause of sepsis among severely ill patients. Increased risk of nosocomial infection is associated with the presence of underlying chronic disease, alteration in host defenses, prolonged hospital stay, and the presence of invasive catheters or monitoring devices [33]. Pulmonary, urinary tract, gastrointestinal, and wound infections predominate [30,34,35]. In hospitalized adult patients, the etiology of sepsis has shifted from being predominantly gram-negative nosocomial infections (Escherichia coli, Klebsiella spp., Enterobacter spp., and Pseudomonas aeruginosa) to gram-positive infections (Staphylococcus aureus, Streptococcus pneumoniae, and Streptococcus pyogenes). The incidence of sepsis caused by gram-positive infections has increased by 26.3% per year over the last three decades [36]. As of 2024, however, the rates of sepsis and septic shock due to gram-positive organisms are rising again because of the more frequent use of invasive procedures and lines in critically ill patients. As a result, gram-positive and gram-negative micro-organisms are now about equally likely to be causative pathogens in septic shock [30]. Multidrug-resistant pathogens, such as S. aureus, now account for more than half of all sepsis cases. S. aureus is singly responsible for 40% of ventilator-associated pneumonia episodes and most cases of nosocomial pneumonia [36,37]. Group B streptococcus is a leading cause of neonatal sepsis in the United States [38].
Vascular and monitoring catheters and infusion sets may become contaminated and lead to the development of nosocomial infections and sepsis. The risk of catheter-related sepsis is increased when the IV catheter is placed in a central vein, particularly if the catheter remains in place longer than three to five days or if the catheter is used for blood sampling [39]. For this reason, consideration should be given to changing the catheter and possibly the insertion site after 72 hours. The risk of contamination of arterial catheters is higher than that observed with venous catheters. Contamination can occur if the system is entered frequently for blood sampling, if the infusate remains in place for more than 48 hours, or if inflammation develops near the catheterized artery [40]. Urinary catheters left in the bladder longer than two weeks often cause infection. Therefore, increased surveillance for signs of urinary tract infections when catheters remain in place beyond a few days is necessary [41].
Central venous catheters (CVCs) are increasingly used in the pediatric population, leading to an increase in CVC-related complications. Implanted ports may be the device of choice when long indwelling times are expected, with consideration given to the patient's age and need for sedation and analgesia during the insertion procedure. Radiograph following the insertion procedure is recommended to ensure correct catheter positioning. Full sterile barrier precautions, strict protocols for catheter care, and prompt removal of the catheter when it is no longer needed are recommended to prevent infectious complications [42].
Bacterial contamination of platelet units (estimated at 1 in 1,000–3,000) results in many occurrences of transfusion-associated sepsis in the United States each year. In 2004, the AABB (formerly the American Association of Blood Banks) adopted a standard requiring member blood banks and transfusion services to implement detection measures and limit bacterial contamination in all platelet components [43].
Patients who live with malignancy are commonly hospitalized due to infection. Immunosuppresive treatments (or the malignancy itself) can lead to severe infection, which is a frequent cause of death among cancer patients. One in six patients with sepsis has underlying disease [44].

4. PATHOGENESIS OF SIRS



The natural defense of the body to an infection, or other assault, involves a number of cellular and humoral factors. They include B and T lymphocytes, macrophages, neutrophils, platelets, tumor necrosis factor (TNF), interleukins, the coagulation factors, and probably several other products [45,46,47]. There are five rather distinct phases that describe how these biologic products work together to overcome the assault and, paradoxically, how they can interact to cause SIRS and potentially lead to critical organ failure [45,48].
FIRST PHASE: THE LOCAL RESPONSE



An infection, injury, burn, or similar process can initiate a response that causes the release of various proinflammatory mediators in the immediate area of involvement. Among others, these include the cytokines, eicosanoids, and platelet-activating factors. In an attempt to limit or ameliorate the local injury, these mediators act to remove damaged tissue, stimulate new tissue growth, and combat the spread of neoplastic cells, pathogenic organisms, and antigens. To counteract the effects of these mediators and prevent them from causing damage, the body soon produces a set of anti-inflammatory substances, such as interleukins and TNF receptors [45,48].

SECOND PHASE: THE EARLY SYSTEMIC RESPONSE



If the initial injury or insult is severe enough, the proinflammatory and anti-inflammatory mediators can appear in the systemic circulation. This may occur by direct entry into the bloodstream in the case of massive trauma, by spillover from the local site in the event of a severe infection, or by other means. The presence of these mediators in the general circulation is a sign that the local region is incapable of handling the situation and that assistance is needed. The proinflammatory response brings additional neutrophils, platelets, lymphocytes, coagulation factors, and other materials to the local site. This should eventually lead to a compensatory anti-inflammatory response that down regulates and controls the proinflammatory actions. In the typical situation, this will occur and no significant untoward effects are seen [45].

THIRD PHASE: PROINFLAMMATORY EXCESS



In some patients, control of the proinflammatory process fails to develop, resulting in a systemic reaction that produces tachycardia, abnormal body temperature, and, in time, hypotension. These are the early signs of SIRS and are thought to be due to: increased microvascular permeability with transudation into organs; platelet sludging, causing capillary blockage and ischemia; reperfusion injury; dysregulation of vasodilatory and vasoconstrictive mechanisms; and maldistribution of blood flow. Persistent hypotension and shock may supervene unless homeostasis is restored, leading to organ dysfunction or organ failure. In an acutely ill patient, altered function in more than one major organ constitutes multiple organ dysfunction syndrome (MODS). While emphasis has been placed on the role of the proinflammatory state in SIRS, an important alternative mechanism may involve an imbalance in the amount or effectiveness of proinflammatory and anti-inflammatory mediators [45].

FOURTH PHASE: EXCESSIVE IMMUNOSUPPRESSIVE RESPONSE



In some patients who survive an initial massive infection or other inflammatory process, there may be a compensatory, but excessive, anti-inflammatory response that results in immunosuppression [49]. This may explain the increased susceptibility to infection in patients with severe burns, trauma, hemorrhage, or pancreatitis. The process is thought to involve impaired monocyte function, altered T- and B-cell activity, diminished proinflammatory cytokines, and several other factors. This process can be self-limiting, and the immunosuppression can resolve without further consequences. If it does not resolve, patients may experience the final, life-threatening complication of MODS [45].

FIFTH PHASE: TRANSITION TO MODS



This phase indicates that there has been an overwhelming, dysregulated host response to the biologic insult. It can take varied forms, depending on the character and severity of critical organ failure. The progression to MODS is common in patients with late-stage SIRS and carries a high mortality risk. If the immune system cannot recover, organ failure and death may follow. In another group of patients, there may be an oscillating effect, with periods of severe inflammation, immunosuppression, and then another proinflammatory response, resulting in increased mortality rates. This has been seen in patients with severe burns, whose levels of cytokines fluctuate widely for several weeks after injury [45,47].
The nature of the insult can significantly affect the degree of local inflammation and tissue injury. The balance between the expression of pro- and anti-inflammatory mediators often determines the magnitude of early tissue injury and risk of subsequent infectious complications. High levels of the proinflammatory mediators can initiate remote organ injury as a result of organ cross talk. Organ failure and death will occur in patients in phase five unless homeostasis can be maintained and there is a balance between pro- and anti-inflammatory forces [45,50,51].


5. PATHOPHYSIOLOGY OF SEPSIS



A complex, dynamic, and bidirectional interaction occurs between pathogens and the body's immune defense mechanisms during the course of invasive infection. If the defenses are breached successfully, the result can be sepsis [26].
When the etiology of sepsis began to shift from a predominance of gram-negative bacteria to a predominance of gram-positive, drug-resistant bacteria, it led to a re-evaluation of basic assumptions about the pathogenesis of sepsis (e.g., there may or may not be differences in the host response to gram-negative organisms compared with the response to gram-positive organisms) [52,53]. It is important to note that discrimination between gram-negative and gram-positive organisms is based on the recovery of specific pathogens from blood or the presumed site of infection rather than from any specific immunologic criterion. In 30% to 50% of sepsis cases, the inciting organism is not identified [25,30,37].
MICROBE RECOGNITION



The innate immune system recognizes invading pathogens and initiates an inflammatory or septic response. Gram-positive and gram-negative bacteria activate the immune response through unique cellular constituents referred to as pattern-associated molecular patterns (PAMPs) or microbial-associated molecular patterns (because they are also common in nonpathogenic bacteria). PAMPs bind to immune system receptors called pattern recognition receptors (PRRs), which are expressed on the surface of host cells. PRRs are essential for initiating the host's immune response and regulating the adaptive immune response to infection or tissue injury, yet PRRs can also contribute to harmful systemic inflammation and tissue damage in organs [7,37].
Toll-like receptors (TLRs) are the most common class of PRRs. Each of the known TLRs has unique binding properties that allow for the differentiation between gram-negative and gram-positive bacteria. When the TLR system recognizes a pathogen, a response is generated that is both generalized (similar response to dissimilar stimuli) and specific (pathogen is recognized by multiple TLRs simultaneously). The result is an immune system response that is tailored to the pathogen [37,54]. The degree to which TLRs mediate the outcome of sepsis in individual patients is not yet fully understood [7].
TLRs can detect danger signals both inside and outside the cell [37]. TLRs induce the production of inflammasomes (multiprotein complexes) in response to the products of bacteria and damaged cells. This in turn activates caspase-1, which is important in the process of inflammation and apoptosis (a counter-regulator of the initial inflammatory response in sepsis). Caspase-1 activation is considered to be a prerequisite for an adequate immune response. Like other proinflammatory products, caspase-1 can have both positive and negative effects on the course and outcome of sepsis [7].
Nod-like receptors (NLRs) are a less well understood class of PRRs. NLRs can detect danger elements (e.g., microbial motifs, live bacteria, host-derived molecules) inside the cell [37].

ENDOTOXINS AND OTHER BACTERIAL TOXINS



Endotoxin was identified more than 100 years ago, but its potential role in the development of sepsis was not identified until 1951. Experimental studies using endotoxin reproduced some of the features of septic shock in animals, but they did not represent the features of septic shock characteristic to humans. Evidence that endotoxin might play a pathogenic role in humans was discovered accidentally in 1991. It is now understood that lipopolysaccharide (LPS) or endotoxin plays a pivotal role in the pathogenesis of sepsis [55]. LPS is the major cell wall component of gram-negative bacteria. LPS is able to activate the host defense system through interaction with TLR4, thus triggering pro-inflammatory mechanisms. A large amount of LPS induces inappropriate activation of the immune system, triggering an exaggerated inflammatory response and consequent extensive organ injury, providing the basis of sepsis damage [55]. Endotoxin is often found in the blood of critically ill patients, making its measurement of limited diagnostic value. In addition, other bacterial toxins (e.g., gram-positive peptidoglycans) can induce the production of mediators associated with sepsis [25].

COAGULATION SYSTEM



The coagulation system plays an important role in the sepsis-induced inflammatory cascade. Coagulation is the inflammatory reaction to tissue injury and is activated independent of the type of microbe (e.g., gram-positive and gram-negative bacteria, viruses, fungi, or parasites). Coagulation contributes to the outcome in sepsis by down-regulating fibrinolysis and the anticoagulant systems. The collaboration between clotting and inflammation, which works to wall off damaged and infected tissues, is an important host survival strategy. Coagulation induced by inflammation can in turn contribute to further inflammation. A key to determining survival in sepsis is to limit the damage while retaining the benefits of localized clotting and controlled clearance of pathogens [7,56,57].
A continuum of coagulopathy in sepsis has been suggested, extending from the appearance of coagulation abnormalities prior to the onset of any clinical signs of sepsis to consumption of anticoagulant proteins and suppression of the fibrinolytic system. Depletion of anticoagulant and fibrinolytic factors contributes to the microvascular deposition of fibrin that is associated with organ dysfunction. Coagulation abnormalities in sepsis contribute significantly to organ dysfunction and death [7,56,58].


6. MANIFESTATIONS OF SEPSIS



Any patient with sepsis who has evidence of dysfunction in one organ in the absence of an obvious cause such as traumatic injury may have incipient dysfunction of other organs. The manifestations of sepsis may be seen in the cardiovascular, pulmonary, central nervous, renal, gastrointestinal, and hematologic systems of the body (most frequently in the lungs and circulatory system) [26].
The following signs and symptoms should not be thought of merely as the manifestations of sepsis but as clear evidence that MODS may be developing. The host response may be more important in the genesis of MODS than the specific bacterium, virus, or traumatic injury. In most patients, the extent of systemic changes corresponds to the extent of shock [26,59,60].
CARDIOVASCULAR



In addition to hypotension, a variety of other cardiovascular manifestations may be seen. Tachycardia is common. In addition, the left and right ventricles are dilated, ejection fractions are often depressed, and the Frank-Starling and diastolic pressure-volume relationships are altered [30].
Before the onset of shock, the patient's condition is usually hyperdynamic. The skin is warm and flushed, pulse volume is increased, and pulse pressure is wide. Cardiac output is typically elevated, and systemic vascular resistance (SVR) is usually decreased. Despite the increase in cardiac output, serum lactate levels are often elevated. Anaerobic metabolism occurs because of inadequate nutrient blood flow [30].
As shock sets in, SVR drops precipitously, although cardiac output continues to increase. In the later phases of shock cardiac output declines, which exacerbates the effects of hypoperfusion and allows lactate to accumulate. The decrease in cardiac output can result in a subsequent elevation of the SVR [30].

PULMONARY



Tachypnea, with a respiratory rate of more than 20 breaths per minute, is often the earliest pulmonary sign of sepsis, occurring before hypoxemia. Hypoxemia is usually present, although it may be masked by hyperventilation. The cause of hypoxemia is usually ventilation-perfusion mismatch.
As sepsis continues, marked respiratory alkalosis often ensues;
          PaCO2 may be 30 mm Hg or less. The hypoxemia progresses rapidly.
        The result is often pulmonary edema and respiratory failure. Other pulmonary manifestations
        of sepsis include respiratory muscle dysfunction and bronchoconstriction. The onset of
        either acute respiratory distress syndrome (ARDS) or persistent pulmonary hypertension is an
        ominous sign [59,60,61].

CENTRAL NERVOUS SYSTEM



Altered mental status may be the most common and most overlooked manifestation of sepsis. This causes elderly patients to be at particularly high risk. Early changes include withdrawal, confusion, irritability, or agitation. In patients with severe infection, one may see disorientation, lethargy, seizures, or frank obtundation [61,62].
Eventually, symptoms and signs of encephalopathy, including nonfocal neurologic manifestations, may be seen, and some patients may become comatose. In addition, evidence of polyneuropathy, including impaired deep tendon reflexes, muscle weakness, and wasting, may be present [59,60,61].
Patients with sepsis and encephalopathy are more likely to be bacteremic and have concomitant renal and hepatic dysfunction than are patients with sepsis and normal mental status. Furthermore, the risk of death increases as the encephalopathy worsens [62].

RENAL



The renal manifestations of sepsis include oliguria and azotemia. Urinary sediment may contain red blood cells, casts, and protein. The urinary excretion of sodium may be markedly reduced (less than 20 mEq/L), and urinary osmolality may be increased (greater than 450 mOsm/kg). Protracted oliguria may reflect acute tubular necrosis, often reversible, or diffuse microvascular injury, often resulting in fixed renal failure [59,60].

GASTROINTESTINAL



Impaired motility is the most common gastrointestinal problem. Often, this manifests as abnormal gastric emptying or as a dynamic ileus. Stress ulceration is another common problem, although it may be seen less often now than in the past. There is some evidence that stress ulcers are less likely to develop when patients are given adequate fluid resuscitation, although this has not been proven conclusively [30,63].

HEPATIC



Large but transient elevations in serum transaminase levels may follow an episode of severe shock or hypoxemia. Less severe increases, often in association with mild-to-moderate hyperbilirubinemia, suggest focal hepatic necrosis. Acute kidney injury often accompanies sepsis [30]. In the final states of sepsis, patients may have evidence of frank hepatic insufficiency, including hypoprothrombinemia, jaundice, lactic acidosis, and hypoglycemia [2,60,61].

HEMATOLOGIC



Leukocytosis, usually accompanied by a shift to the left (>10% immature cells), is the most common hematologic manifestation of sepsis. Multifactorial anemia is common in late-stage sepsis. Decreased maturity and/or survival of red blood cells may contribute to anemia. Thrombocytopenia and coagulation abnormalities (elevated prothrombin or partial thromboplastin times) are often seen in sepsis. Thrombocytopenia is more common than overt DIC in sepsis. DIC is a manifestation of advanced-stage sepsis and carries a poor prognosis [2,36,60,64,65].


7. DIAGNOSIS AND MANAGEMENT



Methods to identify critically ill patients who are likely to die as a result of sepsis have become clearer, and increased awareness that sepsis is more common and lethal than previously understood has helped to promote the development of an organized approach to care. While the early diagnosis of sepsis continues to be a challenge (primarily because a rapid, sensitive, and specific diagnostic test is lacking), research indicates that improvements in outcomes are possible when treatment protocols are applied in a timely manner [58].
As discussed, an international consortium of critical care specialty societies has worked to standardize the definition and clinical parameters of sepsis and to develop evidence-based guidelines for optimal management of sepsis and septic shock. This is an ongoing effort, the goal of which is to improve care and reduce mortality worldwide. Clinical care guidelines have been developed by the Surviving Sepsis Campaign and published by the Society of Critical Care Medicine (SCCM) in 2008, 2013, 2016, and 2021. Detailed management strategies are provided for rapid diagnostic evaluation and antimicrobial treatment, fluid resuscitation, and the use of vasopressors in septic shock [3,4,10]. Initial funding of the Surviving Sepsis Campaign was provided by the SCCM. The ongoing work and the campaign's guidelines have no direct or indirect connection to industry support. The 2021 international guideline for the management of sepsis and septic shock are available online at https://www.sccm.org/SurvivingSepsisCampaign/Home [10]. The 2021 guideline recommendations are graded for strength ("strong" or "weak") and for quality of evidence.
MANAGEMENT OF SEPSIS



Fluid Resuscitation and Diagnosis



The SCCM guideline emphasizes that sepsis and septic shock are medical emergencies; treatment and resuscitation should begin immediately upon recognition. Intravenous fluid resuscitation of a patient with sepsis-induced shock (defined as tissue hypoperfusion) should be initiated as soon as the hypoperfusion is recognized (i.e., not delayed pending admission to an ICU).


Evidence Based Practice Recommendation

The Society for Critical Care Medicine recommends that, in the
            resuscitation from sepsis-induced hypoperfusion, at least 30 mL/kg of IV crystalloid
            fluid be given within the first three hours.
https://journals.lww.com/ccmjournal/Fulltext/2017/03000/Surviving_Sepsis_Campaign___International.15.aspx

             Last Accessed: May 20, 2024
Strength of Recommendation/Level of Evidence:
            Strong recommendation, low quality of evidence


The principal recommendations for fluid resuscitation are [10]:
	Crystalloids should be used as first-line fluid for resuscitation for adults with sepsis or septic shock (grade strong, moderate-quality evidence).
	In the setting of sepsis-induced hypoperfusion, at least 30 mL/kg of intravenous
              crystalloid fluid should be given within the first three hours (grade weak,
              low-quality evidence).
	It is suggested that albumin be added when patients require substantial amounts of crystalloids (grade weak, moderate-quality evidence).
	Fluid resuscitation should initially target a MAP of 65 mm Hg in patients with septic shock requiring vasopressors (grade strong, moderate-quality evidence).


It is recommended that, following initial fluid resuscitation, additional fluid administration be guided by frequent reassessment of hemodynamic status. A reasonable set of treatment goals suggested for the first six hours of resuscitation are [4,10]:
	Central venous pressure of at least 8 mm Hg (12 mm Hg in mechanically ventilated patients)
	MAP of 65 mm Hg or greater
	Urine output of 0.5 mL/kg/hour or greater
	Central venous or mixed venous oxygen saturation of at least 70% or 65%, respectively



Antibiotic Therapy and Source Control





Evidence Based Practice Recommendation

The Society for Critical Care Medicine recommends that appropriate
            routine microbiologic cultures (including blood) be obtained before starting
            antimicrobial therapy in patients with suspected sepsis or septic shock if doing so
            results in no substantial delay in the start of antimicrobials.
https://journals.lww.com/ccmjournal/Fulltext/2017/03000/Surviving_Sepsis_Campaign___International.15.aspx

             Last Accessed: May 20, 2024
Strength of Recommendation/Level of Evidence:
            Best practice statement


The SCCM recommends obtaining appropriate cultures before beginning antimicrobial therapy, but the process of doing so should not delay antibiotic administration. At least two sets (aerobic and anaerobic) of blood cultures should be obtained, including one drawn through any indwelling vascular catheter or device in place prior to onset of infection. Cultures from other suspected sites should be obtained as well. The guideline committee also recommends that imaging studies be performed to confirm the source of infection, assuming the patient's condition allows it [3,4,10].
Intravenous antimicrobial therapy should be started as early as possible, ideally within the first hour of recognition of sepsis or septic shock (grade strong, moderate-quality evidence). Clinical studies have shown that delay in antimicrobial therapy for serious infection and sepsis prolongs morbidity, lengthens hospital stay, and increases mortality [66]. A retrospective cohort study involving 2,731 patients with sepsis showed that initiation of antimicrobial therapy within the first hour of documented hypotension was associated with increased survival to discharge. Moreover, each hour of delay conferred an approximately 12% decreased probability of survival [67].
The initial choice of antibiotics will depend on the most likely pathogens associated with the source of infection as well as the prevalent micro-organisms in the local community and hospitals. The clinician should assess risk factors for multidrug-resistant pathogens, including prior hospitalization, health facility residence, recent antimicrobial use, and evidence of prior infection with resistant organism. The anticipated susceptibility profile of prevalent local pathogens and the ability of the antibiotic to penetrate to the source of the infection must also be considered. A combination of drugs with activity against all likely pathogens should be administered initially, but the regimen should be reassessed in light of culture results, the goal being to identify a single, narrow-spectrum antibiotic that will best control the infection [63,68]. It has been found that combining an extended-spectrum beta-lactam antibiotic (e.g., penicillins, cephalosporins) with an aminoglycoside (e.g., gentamicin) was no more effective in reducing mortality than using the beta-lactam agent alone. In addition, the combination carries an increased risk of renal damage [63,68]. A common approach is to initiate empiric therapy with a carbapenem or extended-spectrum penicillin/beta-lactamase inhibitor (e.g., ticarcillin/tazobactam) to cover gram-negative enteric bacilli and Pseudomonas, often in combination with vancomycin to cover S. aureus pending culture results.
The empirical antimicrobial regimen should be narrowed as soon as the pathogen has been identified and sensitivities are known. The duration of therapy will depend on the nature of the infection and other considerations specific to a given case. As a general rule, a 5- to 8-day course of bactericidal antimicrobial therapy is considered adequate for most serious infections associated with sepsis [10]. In the event that the syndrome is due to something other than an infectious cause, such as trauma, antibiotics should be discontinued as soon as possible.
Source control requires that a specific anatomic diagnosis of infection (e.g., skin/soft tissue infection, pyelonephritis, cholangitis, peritonitis) be identified, or excluded, as soon as possible and preferably within the first six hours after presentation. Radiographic imaging is often necessary and should be undertaken promptly as soon as the patient's condition permits and antimicrobial therapy has been administered. Source control may be achieved by percutaneous drainage of an infected cyst or abscess, debridement of infected tissue, or removal of an infected device or catheter (removal should be prompt after other vascular access has been established) [10,63]. If necessary, surgical exploration and drainage should be undertaken within 12 hours of diagnosis (grade strong, low-quality evidence) [4].

Vasopressors and Inotropic Therapy



If hypotension persists after intravascular volume repletion, then vasopressors may be required to restore and maintain adequate blood pressure and tissue perfusion (goal MAP ≥65 mg Hg). Such patients are considered to have the combination of vasodilation and reduced cardiac contractility, a condition best managed with a combined inotrope-vasopressor agent. In order to monitor arterial pressure accurately, it is suggested that all patients requiring vasopressors have an arterial catheter placed as soon as practical, if resources are available [10].
Historically, norepinephrine, dopamine, and epinephrine were three inotrope-vasopressor used to correct hypotension in septic shock [63]. Based on comparison studies and a meta-analysis of six randomized trials, norepinephrine is considered superior to dopamine and is now the recommended first choice for vasopressor therapy in septic shock (grade strong, high-quality evidence) [4,10,69]. In settings where norepinephrine is not available, epinephrine or dopamine can be used as an alternative. Special attention should be given to patients at risk for arrhythmias when using dopamine and epinephrine [10]. For adults with septic shock on norepinephrine with inadequate MAP levels, vasopressin should be added instead of escalating the dose of norepinephrine (grade weak, moderate-quality evidence) [10]. If combination therapy is not effective, epinephrine may be added. For patient safety and effectiveness, intravenous vasopressor therapy should be administered via a central venous catheter.
As an alternative second drug, or to decrease the required effective dose of norepinephrine, vasopressin (up to 0.03 units/minute) may be added to norepinephrine [3,4,10]. Vasopressin should not be administered as the initial agent in septic shock.
Phenylephrine is a pure vasopressor that may be used in very select cases of septic shock [3,4]. It reduces cardiac stroke volume, which can have deleterious effects in the patient with low cardiac output, and thus is not recommended as initial or additive therapy. Phenylephrine is reserved for the unusual case in which tachyarrhythmia limits norepinephrine use or the patient has known high cardiac output. Intravenous phenylephrine should be administered only by properly trained individuals familiar with its use [63,70,71].
Inotropic therapy may involve the use of dobutamine if the cardiac output remains low. If dobutamine is used, it should be combined with the vasopressors (grade weak, low-quality evidence) [10]. All patients requiring vasopressors should have an arterial line placed for monitoring blood pressure [63,70].

Monitoring Serum Lactate



If elevated, serum lactate provides a marker of tissue hypoperfusion, and serial measurements (of lactate clearance) can be used to monitor progress in resuscitation of the patient with sepsis or early septic shock. In cases in which elevated lactate levels are used as a marker of tissue hypoperfusion, it is recommended that resuscitation efforts target serum lactate with the goal to achieve normalization as rapidly as possible (grade weak) [3,4,10].

Corticosteroids



Prior to the 1990s, there was evidence that the overall 28-day mortality was not impacted by the use of corticosteroids; consequently, their use was not advised. A review of studies conducted between 1992 and 2003 concluded that corticosteroids did not change the 28-day mortality in patients with sepsis and septic shock, but that the use of low-dose corticosteroids did reduce the all-cause mortality [72]. A 2019 update of this review concluded with moderate-certainty evidence that corticosteroids probably reduce 28-day and hospital mortality among patients with sepsis [73]. According to the 2021 guideline, corticosteroids are not recommended in adult patients with sepsis if hemodynamic stability has been achieved with fluid resuscitation and vasopressor therapy.
The patient with persistent hypotension despite fluids and vasopressors should be assessed for adrenal responsiveness and may benefit from corticosteroid therapy. The 2021 SCCM guideline suggests using IV corticosteroids for adults with septic shock and an ongoing requirement for vasopressor therapy (grade weak, moderate-quality evidence) [10]. The typical corticosteroid used in adults with septic shock is IV hydrocortisone at a dose of 200 mg/day given as 50 mg intravenously every six hours or as a continuous infusion [10,74]. It is suggested that this is commenced at a dose of norepinephrine or epinephrine ≥0.25 mcg/kg/min at least four hours after initiation.

Recombinant Human Activated Protein C



Drotrecogin alpha (activated), or recombinant human activated protein C (rhAPC), has been studied in patients with sepsis due to its antithrombotic, anti-inflammatory, and profibrinolytic properties. It was voluntarily withdrawn from the market in 2011 due to studies showing no improvement in mortality with treatment [75].

Blood Product Administration



In some cases, blood product administration may be required. The 2021 guideline recommends RBC transfusion if the hemoglobin level falls below 70 g/L; however, RBC transfusion should not be guided by hemoglobin concentration alone. Assessment of the patient's overall clinical status and consideration of extenuating circumstances (e.g., acute myocardial ischemia, severe hypoxemia) is required [10]. The routine use of erythropoietin is not recommended for treatment of anemia in patients with sepsis unless other conditions are present, such as the compromise of red blood cell production induced by renal failure.
Patients who require invasive procedures or surgery typically require a platelet count
          that is in excess of 50,000/mm3[63]. The routine use of fresh frozen plasma
          is not recommended unless there is active bleeding or planned surgery. Direct
          administration of antithrombin agents for the treatment of sepsis or septic shock is not
          advised [63].


SUPPORTIVE THERAPY FOR SEPSIS AND SEPTIC SHOCK



Mechanical Ventilation



Patients who develop sepsis-induced acute lung injury (ALI) or ARDS may require assisted ventilation. The routine use of pulmonary artery catheters for patients with ALI/ARDS is not recommended, and it is important to remember to avoid high pressures and volumes.
The SCCM guideline committee recommends a target goal for maximum end-inspiratory
          plateau pressures of 30 cm H2O and a target tidal volume of 6 mL/kg
          predicted body weight in adult patients with sepsis-induced ARDS (grade strong,
          high-quality evidence). In addition, the use of lower tidal volumes over higher tidal
          volumes is suggested for adult patients with sepsis-induced respiratory failure without
          ARDS [10].
Unless contraindicated, it is recommended that mechanically ventilated patients be kept with the head of the bed elevated (30–45 degrees is suggested) to limit aspiration and prevent the development of ventilator-associated pneumonia. In hospitals with advanced experience and equipment, it may be advantageous to treat patients with ARDS in a prone position if higher pressures are required and the patient's condition allows for the positional change [10,63].
A protocol for weaning patients from the ventilator should be developed for use following a successful spontaneous breathing trial. Extubation should be considered if the breathing trial is successful. A successful breathing trial is characterized by the following criteria [63]:
	Patient is arousable.
	Patient is hemodynamically stable (without vasopressor agents).
	Patient has developed no new potentially serious conditions.
	Ventilatory and end-expiratory pressure requirements are low.
	Fraction of inspired oxygen requirements are able to be safely delivered with a face mask or nasal cannula.


The SCCM recommends a conservative fluid strategy for patients with established ARDS and no evidence of tissue hypoperfusion in order to minimize fluid retention and weight gain (which have been shown to prolong mechanical ventilation and lengthen ICU stay) [10].

Sedation, Analgesia, and Neuromuscular Blockade



Sedation, whether intermittent or by continuous infusion, may be required for patients who are mechanically ventilated. In such cases, the practice of daily interruption or lightening of the sedation, preferably by established protocol, will serve to maintain the minimum degree of necessary sedation.
Neuromuscular blockade agents are sometimes used in the ICU to improve chest compliance, reduce airway pressures, and facilitate mechanical ventilation. Neuromuscular blockade agents should be used with caution in the patient with sepsis and only for brief periods, so as to avoid the risk of prolonged blockade when the drug is discontinued. The SCCM 2021 guideline suggests using intermittent neuromuscular blockade agents (grade weak, moderate-quality evidence). If these agents are used, clinicians should ensure adequate patient sedation and analgesia [10].

Glucose Control



Glucose control includes a regimen of appropriate nutrition, beginning with IV glucose and advancing early to enteral feeding for the first seven days in critically ill patients with sepsis [10]. Following initial stabilization, patients with hyperglycemia should receive IV insulin therapy to reduce blood glucose levels. SCCM guidance strongly recommends that blood glucose management in ICU patients with sepsis be done by protocol [10]:
	Target an upper blood glucose ≤180 mg/dL rather than an upper blood glucose ≤110 mg/dL (grade strong, high-quality evidence)
	Following initiation of insulin therapy, a typical target blood glucose range is 144­180 mg/dL


Note: A 2009 study demonstrated more frequent episodes of hypoglycemia and higher mortality when tight glucose control was attempted in critically ill patients [76].

Bicarbonate Therapy and Deep Vein Thrombosis Prophylaxis



Bicarbonate therapy to improve hemodynamics or reduce vasopressor requirements in patients with sepsis-induced lactic acidemia is not recommended for those patients with a pH equal to or greater than 7.15 [10]. The use of bicarbonates in SIRS requires additional study.
The use of anticoagulants to prevent deep vein thrombosis (DVT) has been well studied. For patients with sepsis, the SCCM guideline committee recommends the administration of low-dose unfractionated heparin (UFH), two to three times per day, or low-molecular-weight heparin (LMWH), once daily, unless there are contraindications, such as active bleeding, thrombocytopenia, or severe coagulopathy. LMWH has been found to be superior to UFH and is preferred in high-risk patients if there are no contraindications [10,63].
When contraindications exist, other preventive measures, such as graduated compression stockings or an intermittent compression device, are recommended. In very high-risk patients, such as those who have sepsis and a history of DVT, trauma, or orthopedic surgery, a combination of both therapies is suggested [63,70].

Stress Ulcer Prophylaxis



The SCCM guideline suggests stress ulcer prophylaxis for patients with sepsis who have risk factors for gastrointestinal bleeding, using either a proton pump inhibitor or a histamine-2 antagonist. It is recommended that stress ulcer prophylaxis not be used for patients without risk factors for gastrointestinal bleeding [10].

Communication



Also included in the supportive therapy points of care is the SCCM recommendation that advance care planning, including the communication of likely outcomes and realistic goals of treatment, be discussed with patients and families [10,63]. 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 communication with patients and families is considered an essential aspect of care, it is each practitioner's responsibility to ensure that information regarding goals and potential outcomes are explained in such a way that allows for patient understanding. When there is an obvious disconnect in the communication process between the practitioner and patient due to the patient's lack of proficiency in the English language, an interpreter is required.


SEPSIS BUNDLE



Reducing mortality due to sepsis requires an organized process that guarantees early recognition and consistent application of evidence-based practice. To this end, carefully designed protocols and measurable quality indicators should be incorporated into hospital practice. Beginning in 2005, the Surviving Sepsis Campaign converted its guideline into protocols, with sets of quality indicators that could be implemented by hospitals working to improve outcomes. The Sepsis Bundles are a series of therapies that, when implemented together, have been proven to achieve better outcomes than when implemented individually [3]. In conjunction with the 2013 guideline, two bundles (resuscitation and management) were released.
In order to reflect the changes in the 2016 guideline, in 2018 the Surviving Sepsis Campaign published the Hour-1 Bundle, taking the place of the previously separate resuscitation and management bundles [3]. This new bundle emphasizes the importance of beginning resuscitation and management immediately, then escalating care seamlessly (e.g., by adding vasopressor therapy) on the basis of ongoing clinical parameters rather than waiting or extending resuscitation measures over a longer period. The Hour-1 Bundle consists of five elements that are intended to be initiated within the first hour after the time of triage in the emergency department or, if referred from another care location, from the earliest chart annotation consistent with all elements of sepsis or septic shock. The five elements are [3]:
	Measure lactate level. Re-measure if initial lactate is >2 mmol/L.
	Obtain blood cultures prior to administration of antibiotics.
	Administer broad-spectrum antibiotics.
	Rapidly administer 30 mL/kg crystalloid for hypotension or lactate ≥4 mmol/L.
	Apply vasopressors if patient is hypotensive during or after fluid resuscitation to maintain MAP ≥65 mm Hg.


More than one hour may be required for resuscitation to be completed, but initiation of resuscitation and treatment should begin immediately [3]. The Hour-1 Bundle, based on the 2016 guideline, is evidence-based and intended for use by emergency department, hospital, and ICU staff as a tool for improving the care of patients with sepsis and septic shock. As of May 2024, the bundles have not been updated to reflect the 2021 guidelines.

MANAGEMENT OF SEVERE CORONAVIRUS DISEASE 2019 (COVID-19) IN THE ICU



In response to the ongoing COVID-19 pandemic, a Surviving Sepsis Campaign Coronavirus Disease 2019 panel of international experts was formed to provide guidance for managing patients with severe or critical COVID-19 [77]. The panel issues updated recommendations as new evidence becomes available. COVID-19 is defined as severe when the patient has clinical signs of pneumonia (e.g., fever, cough, dyspnea, tachypnea) combined with one or more of the following: respiratory rate >30 breaths/min, severe respiratory distress, or oxygen saturation <90% on room air [77]. COVID-19 is classified as critical when the patient has acute respiratory failure requiring ventilation and/or signs of sepsis or septic shock.


Evidence Based Practice Recommendation

For adults with COVID-19 and shock, the Society for Critical Care
          Medicine suggests using norepinephrine as the first-line vasoactive agent over other
          agents.
https://journals.lww.com/ccmjournal/Fulltext/2021/03000/Surviving_Sepsis_Campaign_Guidelines_on_the.21.aspx

             Last Accessed: May 20, 2024
Strength of Recommendation:
          Weak


In March 2021, the Surviving Sepsis Campaign COVID-19 panel issued nine new or updated statements/recommendations for management of patients with COVID-19 in the ICU [78]. For severe or critical COVID-19, the panel recommends the use of systemic corticosteroids (preferably dexamethasone) and venous thromboprophylaxis but recommends against the use of hydroxychloroquine. In addition, the panel suggests against the use of convalescent plasma and therapeutic anticoagulation outside clinical trials. The use of remdesivir, an antiviral drug, is suggested for adults with severe COVID-19 who do not require mechanical ventilation; however, the panel suggests against starting remdesivir in patients with critical COVID-19 outside clinical trials. Because of insufficient evidence, no recommendation has been issued on the use of awake prone positioning [78].


8. PEDIATRIC CONSIDERATIONS



Sepsis is a common and frequently fatal condition affecting children worldwide. The global burden and mortality of sepsis in neonates and children was assessed in a systemic review and meta-analysis of epidemiologic studies published between 1979 and 2016 [79]. The analysis demonstrated an aggregate estimate of 48 cases of childhood sepsis and 22 cases of severe sepsis per 100,000 person-years. Childhood mortality ranged from 1% to 5% for sepsis and 9% to 20% for severe sepsis. The population-level estimate for neonatal sepsis was 2,202 per 100,000 live births, with mortality between 11% and 19%. Extrapolating data on a global scale yielded an estimated annual incidence of 3.0 million cases of sepsis in neonates and 1.2 million cases in children [79]. In the United States alone there are 72,000 children hospitalized for sepsis annually, with a reported mortality rate of 25% [80].
In 2002, an international panel of experts met to revise the definitions of sepsis and septic shock to include and reflect the developmental stages of children and age-specific norms of vital sign and laboratory data. The panel also modified the adult criteria for SIRS and proposed dividing the pediatric population into the following six distinct age groups to account for age-specific risks [81]:
	Newborn: 0 days to 1 week of age
	Neonate: 1 week to 1 month of age
	Infant: 1 month to 1 year of age
	Toddler and preschool: 2 to 5 years of age
	School-age child: 6 to 12 years of age
	Adolescent and young adult: 13 to 17 years of age


The panel's definition of SIRS for children includes the presence of at least two of the following criteria (one of which must be abnormal temperature or leukocyte count) [81]:
	Core temperature greater than 38.5°C or less than 36°C (measured by rectal, bladder, oral, or central catheter probe). Hypothermia may indicate serious infection (especially in infants).
	Tachycardia greater than two standard deviations above normal for the child's age in the absence of external stimulus; or unexplained persistent elevation over a four-hour time period; or, for children younger than 1 year of age, bradycardia (as defined by the panel); or unexplained persistent depression over a 30-minute time period. Bradycardia is not a sign of SIRS in older children but may be a sign in the newborn.
	Mean respiratory rate greater than two standard deviations above normal for the child's age or mechanical ventilation
	Leukocyte count that is either elevated or depressed for the child's age; or greater than 10% immature neutrophils


Because many pediatric disease processes present with symptoms of tachycardia and tachypnea, a diagnosis of SIRS should not be based solely on elevated heart and respiratory rates; abnormalities in temperature or leukocyte count must be present. Biomechanical markers of inflammation (e.g., elevated sedimentation rate, C-reactive protein, interleukin-6) have not been proven specific enough to be included in the diagnostic criteria [81].
The following definitions have also been proposed for use in the pediatric population [81]:
	Sepsis: SIRS in the presence of or as a result of suspected or proven infection
	Severe sepsis: Sepsis plus cardiovascular organ dysfunction, ARDS, or two or more other organ dysfunctions (as defined by specific criteria)
	Septic shock: Sepsis plus cardiovascular organ dysfunction


The diagnosis of sepsis and impending septic shock in neonates and children should be suspected when the usual inflammatory triad of fever, tachycardia, and vasodilation is accompanied by changes in mentation. Altered mentation may manifest as inability to be aroused, inconsolable irritability, or lack of interaction with parents. Children may present with hyper- or hypothermia, signs of decreased perfusion, and/or decreased urinary output. Because children often maintain their blood pressure until they are severely ill, hypotension is not necessary for the diagnosis (as in adults), but if present, it helps confirm a suspected case of septic shock. It is also important to note that shock in children may occur long before hypotension occurs [81].
Neonatal ICU (NICU) nurses play a key role in the early recognition and prompt treatment of infection/sepsis in the newborn. A published critical care nursing guide for understanding issues of sepsis in the NICU emphasizes the following goals [82]:
	A high index of suspicion for risk of infection
	An ability to recognize signs of infection and sepsis in infants
	A low threshold for reporting related concerns to the physician or advanced practice nurse
	Being an advocate on behalf of the infant to ensure a timely assessment and prompt therapeutic intervention


Prior to 2020, the most widely utilized guidance for management of sepsis in the pediatric age group was the Surviving Sepsis Campaign guidelines, reviewed and updated every four years [4,80]. Following the 2016 edition, SCCM formed a separate task force dedicated to developing guidelines for managing sepsis in children. Published in 2020, the objective of the SCCM Surviving Sepsis Campaign International Guidelines for the Management of Septic Shock and Sepsis-Associated Organ Dysfunction in Children is to provide guidance for clinicians caring for infants, children, and adolescents with sepsis and septic shock [83]. Resources related to these guidelines can be found on the SCCM Surviving Sepsis Campaign website at https://www.sccm.org/SurvivingSepsisCampaign/Guidelines/Pediatric-Patients[84].
Systematic screening for sepsis is recommended in children who present as acutely unwell. Upon clinical suspicion of sepsis, an expedited diagnostic evaluation should be performed within three hours, including an assessment for sepsis-associated organ dysfunction and blood cultures [84]. If signs of shock develop, or clinical evaluation supports sepsis-associated organ dysfunction, management is escalated to a one-hour time frame with the following goals: obtain IV access, collect blood culture, start empiric broad-spectrum antibiotics, measure lactate, and administer fluid bolus(es) if the patient is hypotensive. Vasoactive agents should be added when hypotension persists despite completion of initial fluid resuscitation protocol. Continuous clinical reassessment is recommended for early recognition of ARDS, infectious source control, and titration of vasoactive drugs [84]. Patients refractory to hemodynamic support should be evaluated and treated for adrenal insufficiency. About 25% of children with septic shock have adrenal insufficiency and will benefit from corticosteroid therapy [80].
Clinically, pediatric septic shock takes two forms. In hyperdynamic shock, the child has rapid capillary refill and bounding pulses. In hypodynamic shock, there is prolonged capillary refill, mottled cool extremities, and diminished pulses. In both types, immediate resuscitation involves maintaining necessary circulation with fluid replacement, assuring proper ventilation, and maintaining threshold heart rates. Suggested therapeutic end points include a capillary refill of less than two seconds, warm extremities, urine output greater than 1 mL/kg/hr, normal blood pressure, normal mental status, and normal pulses with no differential between peripheral and central pulses. Frequent monitoring is required as rapid changes may occur in the status of a child with sepsis [63,85].
The international consensus panel also developed criteria for MODS in the pediatric population based on scoring systems previously described in the literature. These systems include the Pediatric Logistic Organ Dysfunction score, Pediatric-MODS score, and Multiple Organ System Failure score. The panel also considered the criteria used in the open-label rhAPC study in their development of criteria for pediatric MODS [81].
The panel's goal was to identify criteria that would optimize the enrollment of children with severe sepsis in clinical studies. To that end, they specified the following [81]:
	Cardiovascular and respiratory organ dysfunction must be present (and mechanical ventilator support for respiratory failure, if used).
	Other organ dysfunctions should be monitored during clinical studies.
	The usefulness of organ dysfunction-free days as a primary end point should be
          confirmed.
	Documenting organ dysfunction should be achieved with a pediatric MODS scoring system.


Experts generally agree that additional evidence-based studies are needed to understand and accurately define pediatric sepsis by accounting for the physiologic variables, age-specific norms, and risk factors of this population [80,86,87].

9. RECOVERY FROM SEPSIS



There is limited information on the long-term complications of sepsis in those who survive. One systematic review of hospitalized patients who recover from sepsis found that about 40% are re-hospitalized within 90 days, one-third die within the following year, and one-sixth experience persistent physical or cognitive impairments [88]. The most prevalent of reported residual impairments are functional limitations (e.g., inability to bathe and dress independently), cognitive deficits, anxiety, depression, and post-traumatic stress disorder. Factors associated with late sequelae included poor pre-sepsis health status, severity of the acute sepsis episode, and timeliness and quality of initial sepsis care [88]. This review discusses inpatient practices for reducing long-term morbidity and provides a framework for evaluating and treating patients in the 90 days after hospitalization for sepsis [88].
A recommended hospital- and ICU-based approach to improving clinical outcomes centers on three strategies: attention to 2021 SCCM guidelines for sepsis care; protocol management of pain, agitation, and delirium; and early mobilization to prevent or minimize muscle atrophy [88]. Adherence to guidelines for the early identification and treatment of sepsis, including rapid administration of antibiotics, has been shown to decrease in-hospital mortality [89]. Critical care specialists have published the ABCDEF bundle, an evidence-based clinical care guide to optimize ICU patient recovery and outcomes [90]. This guide addresses issues such as pain prevention, spontaneous awakening and breathing trials, choice of sedation, management of delirium, early mobility, and family engagement and empowerment. The ABCDEF bundle helps assure more interactive ICU patients who can participate in higher-order physical and cognitive activities at the earliest in recovery from critical illness [90].
A recommended post-discharge management strategy for patients who recover from sepsis includes the following: identify new physical, mental, and cognitive problems that could benefit from appropriate treatment; review long-term medications and adjust dosage if indicated; and screen for treatable conditions that impact risk of rehospitalization, such as recurrent infection, heart failure, and aspiration [88].

10. CONCLUSION



Sepsis and septic shock present the clinician with a difficult management situation. Patients are usually unstable and may rapidly progress to ARDS, MODS, and death. There are several possible causes of sepsis, including traumatic injury, infections, and burns. Gram-negative and gram-positive organisms associated with nosocomial infections account for many cases. Other bacteria, viruses, fungi, and noninfectious etiologies account for the remaining [36,59]. The mortality rate from sepsis is approximately 30%, and it was the 14th leading cause of death in the United States in 2023 [21,91].
The pathophysiology of sepsis involves multiple organ systems and is often related to an abnormal proinflammatory and/or anti-inflammatory response to infection. Effective management requires early empiric antimicrobial therapy, hemodynamic monitoring, appropriate respiratory support, and maintenance of physiologic homeostasis.
Evidence-based practice guidelines are available to assist in the diagnosis and treatment of these disorders. This course outlines some of the current recommendations and suggestions provided by the SCCM and other experts experienced in treating patients with these disorders.

11. CASE STUDY



Patient A is a woman, 50 years of age, who was admitted to the
      emergency department after a motor vehicle accident. She incurred massive abdominal injuries
      and was transported to the emergency department unconscious and hypotensive upon arrival. She
      was receiving 35% O2 via oxygen mask. Her respiratory rate was 28
      breaths per minute, and lung sounds were clear bilaterally. She had a sinus tachycardia with a
      heart rate of 150 beats per minute. Her blood pressure was 80/45 mm Hg. The patient had a 40
      pack-year history of cigarette smoking and had been taking medications to control
      hypertension.
She was transported via stretcher to radiology for a computed
      tomography scan, which revealed bleeding in the peritoneum. She was taken immediately to
      surgery. Following surgery, she was taken to the ICU. Three liters of lactated Ringer's
      solution had been infused in surgery. Estimated blood loss was 2,500 cc, and she received 6
      units of whole blood in surgery. Despite fluid resuscitation, the patient was hypotensive
      during much of the surgical procedure. To assess fluid management, a pulmonary artery catheter
      was placed while in surgery. A variety of data was obtained upon arrival to the surgical
      ICU.

Table 0: 
	Vital Signs	Hemodynamic Parameters	Arterial Blood Gases (ABGs)	Laboratory Values	Ventilator Settings
	
              BP: 100/50 mm Hg
Pulse: 120 beats per minute
Respirations: 14 breaths per minute on ventilator
Temperature: 96.5°F


            	
              CVP: 5 mm Hg
PAP: 25/15 mm Hg
PAWP: 13 mm Hg
CO: 3.2
SVR: 1,100
SvO2: 72%


            	
              pH: 7.45
PaCO2: 36
PO2: 80
HCO3: 28
SaO2: 95%


            	
              Sodium: 130
Potassium: 4.5
Chloride: 95
Glucose: 140
Hemoglobin: 11.5
Hemocrit: 35
WBC: 11,000


            	
              Rate: 14 on assist control
FiO2: 40%
Tidal Volume: 800


            
	BP: blood pressure; CI: cardiac index; CO: cardiac
              output; CVP: central venous pressure; HCO3: bicarbonate;
                FiO2: fraction of inspired oxygen; PAP: pulmonary artery
              pressure; PAWP: pulmonary artery wedge pressure; PO2: partial
              pressure of oxygen; SaO2: oxygen saturation;
                SvO2: venous oxygen saturation; SVR: systemic vascular
              resistance; WBC: white blood cells.


 


Patient A was hemodynamically stable following surgery. She awakened
      slowly and was able to be extubated and put on a 40% O2 mask.
POST-OPERATIVE DAY 3



Three days after surgery, the patient's level of consciousness began
        to deteriorate. She was obtunded and only awoke when her name was called. Her skin was warm
        to touch and appeared flushed, and she had 4+ bounding pulses.

Table 0: 
	Vital Signs	Hemodynamic Parameters	ABGs on 40% O2Mask	Laboratory Values
	
                BP: 110/72 mm Hg
Pulse: 118 beats per minute
Respirations: 28 breaths per minute
Temperature: 104°F


              	
                CVP: 6 mm Hg
PAP: 20/12 mm Hg
PAWP: 10 mm Hg
CO: 6.0
CI: 4.2
SVR: 850
SvO2: 85%


              	
                pH: 7.48
PaCO2: 30
PO2: 85
SvO2: 85%


              	
                Hemoglobin: 9.8
Hemocrit: 28.8
WBC: 25,000
Platelets: 168,000


              


 


Urine output was 15 cc per hour for the last three hours. Cultures of
        sputum, urine, and blood were obtained. Antibiotic therapy was initiated.
Analysis



1. Identify the term that best describes Patient A's condition at
          the present moment.

          Sepsis is caused by bacteria, viruses, or fungi in the blood. It
            is a clinical continuum ranging from bacteremia through septicemia to septic shock.
            Patient A is presently displaying signs of septicemia. Her blood pressure and cardiac
            output are within an acceptable range. Chemical mediators are being released and causing
            the physiologic changes.
        


POST-OPERATIVE DAY 5



On the 5th post-operative day, Patient A's blood pressure dropped to 84/58 mm Hg; her
        respirations were 32 breaths per minute, heart rate was 130 beats per minute, and
        temperature was 97°F. Despite 3000 cc fluid resuscitation, Patient A's condition continued
        to deteriorate. She was re-intubated and connected to a ventilator.

Table 0: Hemodynamic Parameters
	
                CVP: 3 mm Hg
PAP: 15/7 mm Hg
PAWP: 5 mm Hg
CO: 3.0
CI: 1.6
SVR: 1,597
SvO2: 68%


              


 


Analysis
1. List the risk factors applicable to Patient A's case.

        Trauma
      

        Cigarette smoking
      

        Hypertension
      

        Abdominal injuries
      

        Multiple invasive lines
      

        Surgery
      
2. Patient A is in what stage of septic shock? Describe the symptoms to support your
        answer.

        Patient A is in the hypodynamic (cold) phase of septic shock. This
          phase is characterized by decreased cardiac output, increased SVR, hypotension, and
          inadequate tissue perfusion.
      
3. What are some of the causative organisms associated with sepsis in a post-operative,
        hospitalized patient?

        Escherichia coli
      

        Klebsiella
      

        Enterobacter
      

        Pseudomonas aeruginosa
      

        Staphylococcus aureus
      

POST-OPERATIVE DAY 8



On post-operative day 8, Patient A's skin was cool and cyanotic, and mottling was noted
        in the extremities. She responded only to painful stimuli.

Table 0: 
	Vital Signs	Hemodynamic Parameters	ABGs	Laboratory Values
	
                BP: 38/40 mm Hg
Pulse: 170 beats per minute
Respirations: 14 breaths per minute on ventilator. She is not
                    assisting.
Temperature: 95.6°F


              	
                CVP: 6 mm Hg
PAP: 38/20 mm Hg
PAWP: 18 mm Hg
CO: 2.0
SVR: 1746
SvO2: 48%


              	
                pH: 7.28
PaCO2: 48
PO2: 40
SvO2: 52%
SaO2: 80%


              	
                Sodium: 160
Potassium: 6.8
BUN: 48
Creatinine: 3.0
Platelets: 72,000
PT: 21
PTT: 100.5


              
	BUN: blood urea nitrogen; PT: prothrombin time;
                PTT: partial thromboplastin time.


 


Analysis



1. Patient A's temperature is 95.6°F. Is this to be expected in the hypodynamic phase
          and why?

          Yes. Hypothermia is common during the hypodynamic phase. Metabolic
            and myocardial activity are greatly reduced.
        
2. What is the physiologic cause of increased SVR in the hypodynamic phase?

          In the hypodynamic phase, SVR is caused by decreased cardiac
            output and elevated serum lactate levels.
        
3. What management would be appropriate in this phase?

          Afterload reduction and myocardial support are of great importance
            at this point. Before the use of vasodilators, cautious fluid administration with
            hemodynamic monitoring is essential to provide normovolemia as the vascular capacitance
            increases. If fluid resuscitation proves unsuccessful, the use of vasodilators in
            combination with a positive inotrope may be attempted.
        


POST-OPERATIVE DAY 10



Patient A died on the 10th post-operative day due to the complications of septic shock:
        renal failure and hepatic failure complicated by DIC and ARDS.
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Course Overview



Patients, and in some cases healthcare providers as well, are not fully aware of the
        health risks incurred by ingestion of herbal medications, either due to their potential
        adverse effects or pharmacologic interactions with other medications. This situation is
        further compounded by the fact that 40% to 70% of the patients taking herbal medications do
        not disclose this fact to their healthcare provider. This course provides the knowledge and
        tools required for clinicians to discuss natural health products with patients and other
        members of the healthcare team. It also discusses the need for physicians and nurses to
        actively inquire if the patient is taking herbal medications and take this information into
        account prior to prescribing new medications. A brief historical background and an overview
        of regulatory bodies responsible for overseeing herbal medications is provided. Relevant
        examples of widely used herbal compounds are presented. Clinically relevant information on
        commonly used herbal medications regarding therapeutic effectiveness, pharmacologic
        mechanism of action, adverse effects and drug interactions are reviewed based on scientific
        evidence.

Audience



This course is primarily designed for physicians, pharmacists, and nurses. However, considering the widespread availability and increased use of herbal medications, other healthcare professionals, including social workers and clinical therapists, will also benefit from this course.

Accreditations & Approvals



In support of improving patient care, TRC Healthcare/NetCE is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team. As a Jointly Accredited Organization, NetCE is approved to offer social work continuing education by the Association of Social Work Boards (ASWB) Approved Continuing Education (ACE) program. Organizations, not individual courses, are approved under this program. Regulatory boards are the final authority on courses accepted for continuing education credit. 

 Continuing Education (CE) credits for psychologists are provided through the co-sponsorship of the American Psychological Association (APA) Office of Continuing Education in Psychology (CEP). The APA CEP Office maintains responsibility for the content of the programs.

 

Designations of Credit



This activity was planned by and for the healthcare team, and learners will receive 10 Interprofessional Continuing Education (IPCE) credit(s) for learning and change.

 NetCE designates this enduring material for a maximum of 10 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. NetCE designates this continuing education activity for 10 ANCC contact hour(s). NetCE designates this continuing education activity for 10 pharmacology hour(s) for physician assistants. NetCE designates this continuing education activity for 10 pharmacotherapeutic/pharmacology contact hour(s). NetCE designates this continuing education activity for 12 hours for Alabama nurses. NetCE designates this activity for 10 ACPE credit(s). ACPE Universal Activity Number: JA4008164-0000-25-039-H01-P. 

Successful completion of this CME activity, which includes participation in the evaluation component, enables the participant to earn up to 10 MOC points in the American Board of Internal Medicine's (ABIM) Maintenance of Certification (MOC) program. Participants will earn MOC points equivalent to the amount of CME credits claimed for the activity. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABIM MOC credit. Completion of this course constitutes permission to share the completion data with ACCME.

 Social workers participating in this intermediate to advanced course will receive 10 Clinical continuing education clock hours. Social workers participating in this intermediate to advanced course will receive 10 Ethics continuing education clock hours. 

Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 Successful completion of this CME activity, which includes participation in the activity with individual assessments of the participant and feedback to the participant, enables the participant to earn 10 MOC points in the American Board of Pediatrics' (ABP) Maintenance of Certification (MOC) program. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABP MOC credit.

 Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.

 NetCE designates this continuing education activity for 10 credit(s). AACN Synergy CERP Category A. 

Individual State Nursing Approvals



In addition to states that accept ANCC, NetCE is approved as a provider of continuing education in nursing by: Alabama, Provider #ABNP0353 (valid through July 30, 2029); Arkansas, Provider #50-2405; California, BRN Provider #CEP9784; California, LVN Provider #V10662; California, PT Provider #V10842; District of Columbia, Provider #50-2405; Florida, Provider #50-2405; Georgia, Provider #50-2405; Kentucky, Provider #7-0054 through 12/31/2027; South Carolina, Provider #50-2405; West Virginia RN and APRN, Provider #50-2405. 

Individual State Behavioral Health Approvals



In addition to states that accept ASWB, NetCE is approved as a provider of continuing education by the following state boards: Alabama State Board of Social Work Examiners, Provider #0515; Florida Board of Clinical Social Work, Marriage and Family Therapy and Mental Health Counseling, CE Broker Provider #50-2405; Illinois Division of Professional Regulation for Social Workers, License #159.001094; Illinois Division of Professional Regulation for Licensed Professional and Clinical Counselors, License #197.000185; Illinois Division of Professional Regulation for Marriage and Family Therapists, License #168.000190; 

Special Approvals



This activity is designed to comply with the requirements of California Assembly Bill 1195, Cultural and Linguistic Competency. 

Course Objective



Considering the pharmacologic interactions between herbal medications (HMs) and conventional medications, it is paramount to increase the awareness and knowledge of healthcare professionals about HMs. The purpose of this course is to increase healthcare professionals' awareness of the potential risks and benefits of HMs from an evidence-based perspective and promote the planned inclusion of HM use in patients' medical history. This course should allow healthcare professionals to discuss HMs in a knowledgeable and succinct manner with patients and colleagues.

Learning Objectives



Upon completion of this course, you should be able to:
	Discuss the prevalent current and historical use of HMs in North America.
	Explain the need to inquire about the use of HMs during preparation of a patient’s medical history, including components of a culturally sensitive assessment.
	Discuss the pharmacology (i.e., pharmacokinetics, pharmacodynamics, drug interactions, adverse drug reactions, toxicology) of HMs.
	Describe the differences between the process of development and approval of HMs versus conventional medications, and the implications of health claims and therapeutic efficacy of HMs.
	Outline the merits and limitations associated with the application of contemporary scientific principles and methodologies (i.e., evidence-based medicine) to assess the efficacy and safety of HMs.
	Discuss, based on scientific and conventional medical principles, the pharmacologic properties, efficacy, safety, toxicology, therapeutic indications, and recommended dosages of saw palmetto and St. John's wort.
	Describe the potential risks and benefits of ginkgo.
	Identify key characteristics of ginseng.
	Discuss the use of echinacea and kava, including potential adverse effects.
	Review the use of garlic and valerian as HMs.
	Outline the potential medical uses of andrographis and English ivy leaf.
	Analyze the available evidence for the use of peppermint, ginger, soy, and chamomile.



Faculty



A. José Lança, MD, PhD, received his Medical Degree at the University of Coimbra in Coimbra, Portugal, and completed his internship at the University Hospital, Coimbra. He received his PhD in Neurosciences from a joint program between the Faculties of Medicine of the University of Coimbra, Portugal, and the University of Toronto, Toronto, Canada. He was a Gulbenkian Foundation Scholar and was awarded a Young Investigator Award by the American National Association for the Research of Schizophrenia and Depression (NARSAD).

Dr. Lança has participated in international courses and conferences on neurosciences. He has contributed to a better understanding of the mechanisms underlying the ontogenetic development of the brain opiatergic system. As a research scientist at the Addiction Research Foundation (ARF) in Toronto, he initiated research on the functional role played by dopaminergic cell transplants on alcohol consumption, leading to the publication of the first research reports on cell transplantation and modulation of an addictive behavior. Subsequently, he also investigated the role played by other neurotransmitter systems in the limbic system and mechanisms of reward, co-expression of classical neurotransmitters and neuropeptides and potential role in neuropsychiatric disorders.

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

Dr. Lança's commitment to medical education started while a medical student, teaching in the Department of Histology and Embryology, where he became cross-appointed after graduation. In Toronto, he has contributed extensively to curriculum development and teaching of pharmacology to undergraduate, graduate and medical students. He has developed an integrated approach to clinical pharmacology, and has contributed to an evidence-based teaching of Herbal Medications in clinical pharmacology. He is also the author of six chapters in medical pharmacology textbooks.
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Implicit Bias in Health Care




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

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


1. DEFINITIONS



The National Center for Complementary and Integrative Health (NCCIH), a division of the U.S.
      National Institutes of Health, defines complementary and alternative medicine (CAM) as "health
      care approaches that are not typically part of conventional medical care or that may have
      origins outside of usual Western practice" [1]. Complementary medicine is non-mainstream practice used together with conventional
      medicine, and alternative medicine is non-mainstream practice used in place of conventional
      medicine. Integrative medicine attempts to bring together conventional and complementary
      approaches to health care [1]. CAM includes a
      wide range of products including natural health products (NHPs) and practices such as prayer,
      chiropractic, homeopathy, and massage therapy. In Canada, a similar definition is followed,
      and regulation of NHPs falls under the jurisdiction of the Natural and Non-Prescription Health
      Products Directorate (NNHPD), a branch of Health Canada [2].
Herbal medications (HMs), also known as phytochemicals or botanical medications, are considered an integral part of dietary supplements in the United States or natural health products in Canada [3]. Dietary supplements also include other natural compounds, such as vitamins, minerals, amino acids, and essential fatty oils [2].

2. PREVALENCE OF HERBAL MEDICATION USE



The desire to maintain and promote individual health has
      contributed to the prevalent use of natural health products, including herbal medications. In
      2012, more than 3 out of 10 adults (33.2%) in the United States used complementary medicine
      approaches and 17.7% used natural products other than vitamin and mineral supplements [1]. In Canada, an estimated 18% of the population
      takes natural products other than vitamin and mineral supplements [4].
Data from the National Center for Health Statistics (NCHS)
      indicate that supplement use among U.S. adults 20 years of age and older increased from 48.4%
      to 56.1% during the period 2007–2008 and 2017–2018, with use more common among women (63.8%)
      than men (50.8%) [5,6,7,8]. Nonvitamin, nonmineral
      natural products are the most commonly used category of CAM (17.7%), followed by deep
      breathing (10.9%), yoga, tai chi, and qi gong (10.1%), chiropractic care (8.4%), meditation
      (8.0%), and massage therapy (6.9%). The NCHS also found that approximately 12% of children 17
      years of age or younger use some form of CAM [5]. Considering the aging of the "baby-boom" generation and increased incidence of chronic
      health issues, it is likely that the use of CAM, and HMs in particular, will continue to
      increase in this group. In 2017–2018, dietary supplement use increased with age, both overall
      and in both sexes, and was highest among women 60 years of age and older (80.2%). The most
      common types of dietary supplements used were multivitamin-mineral supplements, followed by
      vitamin D and omega-3 fatty acid supplements [8].
The use of CAM for general health and well-being is greater in people with higher education and income, rather than in individuals with lower education and lower socioeconomic status [5,9]. However, the National Health Interview Survey revealed that poor adults were more likely to use megavitamin therapy and prayer specifically for a health reason than not poor adults [10]. An estimated 13% of adult CAM users have indicated that they used CAM because conventional medicine was too expensive [10].
It is particularly relevant for medical practitioners that several studies have shown that more than 50% of patients who require conventional health care use CAMs separately or in conjunction with conventional therapies [9,11,12]. A published study of men with prostate cancer revealed that one-third of the patients used CAM in conjunction with their conventional therapy [13]. Of those, approximately 30% were taking vitamin and mineral supplements, while 40% were taking herbal compounds either alone or in conjunction with vitamins and antioxidants [13]. It has been estimated that 40% to 70% of patients using CAM fail to disclose this information to physicians or other healthcare professionals [5,11]. Patients are more likely to disclose CAM use if it is provider-based rather than self-care use [9].
The prevalent use of herbal medications is particularly
      relevant to medical practice for three main reasons. First, it is commonly and erroneously
      assumed by patients that by being natural the compound is intrinsically beneficial and devoid
      of adverse effects. Second, patients often neglect to report to their physicians and other
      healthcare providers that they are taking HMs, as they think that it is not relevant. Third,
      pharmacologic interactions between compounds, regardless of whether they are from herbal or
      conventional origin, may alter therapeutic efficacies and cause negative interactions or
      serious adverse effects.
It is therefore essential to increase awareness regarding these issues and evaluate the pharmacologic profile and therapeutic properties of the most commonly used herbal medications based on scientific evidence, including clinical trials.

3. HISTORICAL OVERVIEW OF HERBAL MEDICATIONS IN NORTH AMERICA



Chemical compounds extracted from plants, animals, or
      micro-organisms, either in raw or purified form, have been used to treat disease for centuries
      and even millennia. Many of these substances are essential therapeutic tools and widely used
      in conventional medicine. Aspirin, digitalis, reserpine, morphine, most antibiotics, and
      anticancer drugs, to name but a few, are perfect examples of the long historical transition
      between natural medications and mainstream or conventional Western medications. The
      introduction of new and more effective conventional medications, such as statins, a class of
      drugs that inhibit 5-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase activity and
      effectively lower hyperlipidemia, and the antimalarial drug artemisinin, are pertinent
      examples of identification, extraction, and pharmaceutical application of natural compounds
        [14,15]. In fact, it has been estimated that approximately 25% to 50% of marketed
      drugs are derived from natural sources [16].
      One review found that almost 50% of the new small-molecule drugs introduced between 1981 and
      2002 were natural products or their chemical derivatives [15]. Consequently, the difference between NHPs/HMs and conventional Western
      medications is not solely or primarily based on the origin of the compound (i.e., natural
      versus synthetic) but rather on the process of scientific evaluation of the pharmacologic and
      biologic properties, toxicologic profile, and therapeutic efficacy of a particular compound
      prior to its approval for marketing. In Western countries, the process of approval of new
      conventional drugs is tightly regulated. It falls under the jurisdiction of the U.S. Food and
      Drug Administration (FDA) in the United States; in Canada, it is regulated by Health
      Canada.
In the United States, herbal medications are considered dietary
      supplements and are regulated by the Dietary Supplement Health and Education Act (DSHEA) of
      1994 [3]. Under this legislation, some claims,
      including structure and function, may be made by the manufacturer without requiring proof of
      safety and efficacy needed for conventional FDA-regulated medications. The product may be
      advertised as beneficial to maintaining or improving health of a particular organ or system,
      and the DSHEA states that the manufacturer is responsible for the safety of herbal products
        [3]. It is, however, the responsibility of
      the FDA to prove that an herbal compound is unsafe before a product is removed from the market
        [17]. This has been the case regarding the
      sale of dietary supplements, including HMs, containing ephedrine alkaloids (e.g., ephedra),
      which were prohibited in the United States by the FDA in April 2004 [18].
In Canada, herbal medications are classified as natural health products and fall under the jurisdiction of the Natural Health Products Regulations [19]. Canadian regulations provide a regulatory framework similar to the one existing in the United States. It is Health Canada's mandate to regulate the sale and safety of HMs, as illustrated by the ban on products containing ephedra in quantities greater than 8 mg per dose, 32 mg per day, or at any dose in combination with other stimulants, including caffeine.

4. MEDICAL AND PATIENT PERCEPTIONS AND MISCONCEPTIONS ABOUT THE USE OF HERBAL MEDICATIONS



The pharmacology, therapeutic properties, and toxicologic
      potential of herbal medications are often the object of inaccurate and biased assessment.
      Numerous factors contribute to this situation. In some cases, healthcare providers may have
      limited formal training in the area, which can result in a limited appreciation of the
      beneficial properties of some phytochemicals and of their potential health risks, including
      pharmacologic interactions with conventional medications [20]. A survey of community pharmacists in Texas showed that in spite of the
      fact that 70% of new patients use CAM, pharmacists rarely ask patients about CAM use. This is
      a particularly troublesome occurrence considering the role played by the pharmacist in
      assessing potential interactions with conventional drugs [21].
A 2010 United Kingdom-based Drug and
        Therapeutics Bulletin (DTB) survey of 164 healthcare professionals, consisting
      mostly of hospital physicians and general practitioners, found that while a majority of
      physician participants (75.3%) considered HMs to be helpful in some circumstances, 72%
      indicated that the general public had misplaced faith in HMs and 86% felt the general public
      was poorly informed about HMs [22].
Patients often use herbal compounds based on the misconception that due to being natural, these products are intrinsically beneficial, do not cause adverse effects, and are devoid of any serious toxicologic potential. This is a widespread and inaccurate assessment. Patients need a better understanding of why informing their healthcare providers about CAM, and especially HM, use will be beneficial to their health.
In response to the increasing interest in CAM, including HMs, the U.S. Federation of State Medical Boards has approved guidelines for the use of CAM in conventional medical practice. This document provides information regarding "clinically and ethically responsible use of CAM, within the boundaries of professional practice and accepted standard of care," and provides the methodology to evaluate physicians' adherence to standards of medical practice required by state legislation [23].
CULTURALLY SENSITIVE ASSESSMENT



Because the use of CAM, including HMs, may be tied closely to cultural or
        ethnic traditions, it is important that any assessment for use of these products be
        undertaken with an understanding of possible barriers to disclosure. Pachter developed a
        dynamic model to facilitate culturally sensitive assessments, which involves several tiers
        and transactions [24]. The first component
        of Pachter's model calls for the practitioner to take responsibility for cultural awareness
        and knowledge. The professional should be willing to acknowledge that he/she does not
        possess enough or adequate knowledge in health beliefs and practices among the different
        ethnic and cultural groups he/she comes in contact with. Reading and becoming familiar with
        medical anthropology is a good first step.
The second component emphasizes the need for specifically tailored
        assessment [24]. Pachter advocates the
        notion that there is tremendous diversity within groups. For example, one cannot
        automatically assume that a Nigerian immigrant adheres to traditional beliefs. Often, there
        are many variables, such as level of acculturation, age at immigration, educational level,
        and socioeconomic status, that influence health ideologies. Finally, the third component
        involves a negotiation process between the patient and the professional [24]. The negotiation consists of a dialogue
        that involves a genuine respect of beliefs. The professional might recommend a combination
        of CAM and Western treatments. A knowledge of HMs commonly used in different cultures may
        allow healthcare professionals the opportunity to ask questions about specific products, as
        many patients do not volunteer information regarding their use of HMs.


5. DISCLOSURE AND CLINICAL NEED TO IDENTIFY THE USE OF HERBAL MEDICATIONS



As noted, an estimated 40% to 70% of patients fail to report
      the use of HMs to their physicians and other healthcare providers [5,11,13]. Some patients assume
      that reporting CAM use is not relevant because they are not mainstream medical products or
      procedures. In one literature review, the major reason for patients' failure to disclose the
      use of CAM was their concern of a negative reaction by the practitioner [11]. In the same study, lack of interest or
      assumed lack of knowledge by the medical practitioner were also reported among the main
      reasons for nondisclosure. This is supported by the 2010 DTB survey, which indicated
      physicians felt that their personal knowledge about HMs was "quite" or "very" poor (36.2% and
      10.4%, respectively), and 89% conceded that their knowledge of herbal medications was "much
      poorer" than their knowledge of prescription drugs [22].
A number of patients do not disclose the use of HMs simply because their healthcare provider did not inquire [11]. While 77% of physicians worry that their patients may not be informing them about HM use, the DTB survey found that 9% never ask about HM use, 47% occasionally ask, 27% ask most of the time, and only 13% always ask [22]. Thus, considering the prevalent use and the common perception of healthcare professionals' attitudes toward herbal medications, it is essential to change these practices in order to safeguard patients' health.

6. CLINICALLY RELEVANT PHARMACOLOGY AND TOXICOLOGY OF HERBAL MEDICATIONS



In North America, regulation of HMs is not as strict as that
      applied to conventional medications. In fact, good manufacturing practices applicable to food
      manufacturing are some of the only regulations in place to assure standards and quality
      control of dietary supplements [25]. The
      concentration of active ingredients in HMs, however, is affected by numerous factors,
      including [11,26,27,28]: 
	The correct identification of the botanical source
	The presence of contaminants or substitution of the intended source or other plants
            of lower cost with potential toxicologic consequences
	Growing conditions, including temperature, geography and time of harvest, and
            possible contamination with micro-organisms, heavy metals, pesticides, or prescription
            drugs
	Collection of the appropriate plant part (e.g., leaves versus root)
	Preparation of specimens (e.g., drying, grinding)
	Laboratory processing (e.g., solvent used for extraction of active
            ingredients)
	Storage
	Formulation of the final product (e.g., liquid versus solid pill)


These processes vary considerably among manufacturers and influence product quality and concentration of active ingredients in the final product.
Unlike most conventional medications, herbal products often have numerous active ingredients. Pharmacologic and chemical interactions between ingredients may be required for the product to be effective. Accordingly, isolation and purification of a single individual chemical may not lead to the same therapeutic effect as the one described for the original product.
PHARMACOKINETICS



Pharmacokinetics is the study of the effects exerted on drugs
        by the body, namely the processes of drug absorption, distribution, biotransformation, and
        ultimate elimination of drugs and their metabolites. All drugs ingested for nutritional,
        therapeutic, preventive, or diagnostic purposes, regardless of being of natural or synthetic
        origin, undergo processes of absorption and eventual distribution throughout body tissues
        and systems prior to reaching their molecular target. Drug distribution does not occur
        homogeneously throughout the body. Effective availability and concentration of a drug in
        different organs and tissues is influenced not only by the chemical properties of the drug
        (e.g., molecular size, electrical charge, ability to bind to plasma proteins, affinity for
        transporters that will carry the drugs across cell membranes) but also by the anatomic and
        histologic properties of the tissues themselves (e.g., degree of vascularization and type of
        capillaries present, including the tightly sealed blood-brain barrier).
Subsequently, all drugs undergo chemical transformation by the body. Briefly, drug transformation is carried out by enzymes leading to the production of metabolites that are either water-soluble (hydrophilic) and excreted mainly through the kidney, or lipid-soluble (hydrophobic). The latter are further metabolized in the liver mainly by a large family of enzymes known as cytochrome P450 (CYP450). Selective CYP450 isoforms, such as CYP3A4 and CYP3A5, are particularly relevant for clinical practice. In fact, CYP3A4 and CYP3A5 account for the metabolism of about 50% of all known drugs. For example, drugs such as digoxin, warfarin, indinavir, cyclosporine A, statins, and some calcium channel antagonists and anticonvulsants are metabolized by these isoforms. Increases or decreases in CYP450 activity therefore influence the processes of drug transformation, alter drug availability, and can have serious clinical implications [29].

PHARMACODYNAMICS



The pharmacologic and therapeutic properties of HMs and conventional medications result from the biologic interaction between an active compound and its target. The mechanisms underlying the drug-target interactions are studied in pharmacodynamics. The precise molecular mechanisms underlying the actions of HMs are, however, more difficult to establish due to the complex composition and presence of numerous chemical elements. For the most commonly used HMs, certain chemical elements have been isolated, their effects studied in vitro, and their therapeutic properties clinically evaluated. Allicin, for example, has been identified as the chemical ingredient in garlic responsible for its cardioprotective and plasma lipid-lowering properties. This effect correlates with the inhibition of HMG-CoA reductase by allicin and other disulfides present in garlic, which is a mechanism of action shared with statins [30,31,32].
The beneficial effects of saw palmetto in the treatment of benign prostatic hyperplasia (BPH) have been obtained with standardized lipidosterolic extracts. Several mechanisms of action have been reported, in both in vitro and in vivo models. Although saw palmetto has alpha 1-adrenoceptor antagonistic properties, a mechanism of action common to tamsulosin (Flomax), and anti-inflammatory properties because it inhibits cyclooxygenase, its beneficial effects on BPH correlate with its inhibition of 5-alpha-reductase. This latter mechanism is shared with the conventional drugs finasteride (Proscar) and dutasteride (Avodart) [33,34].

DRUG INTERACTIONS



Drug-drug interactions, herb-drug interactions, and food-drug interactions can occur when different compounds are concurrently present in the body. These interactions can be either of a pharmacokinetic nature (i.e., absorption, distribution, metabolism, excretion) or a pharmacodynamic nature (i.e., interfering with the interaction between the drug and its molecular target, such as a receptor). Rarely, both pharmacokinetic and pharmacodynamic interactions may occur at the same time.
The complex composition of HMs can, in principle, become the
        source of various interactions. Multiple chemical compounds can interact either
        synergistically (i.e., increase the activity of one or more of its chemical constituents) or
        antagonistically (i.e., decrease the activity of one or more of its components).
        Furthermore, herbal remedies may include complex mixtures of several herbs, thereby
        significantly increasing the number of active compounds in the preparation. This makes it
        particularly difficult to ascertain which of the chemicals is pharmacologically responsible
        for a particular biologic event. The co-administration of HMs and conventional drugs further
        increases the possibility of interactions, which can be manifested during experimental
        conditions or clinically.
Herb-drug interactions apparently occur less frequently and
        are less serious than drug-drug interactions. This is due to the weaker potency of the
        herbal medications; however, interactions and adverse events may also be under-reported and
        relevant information may not be collected [35,36].
Pharmacokinetic Interactions



Pharmacokinetic interactions between chemical compounds can alter the therapeutic properties of a drug and either increase or decrease the effectiveness of one or both compounds. For example, compounds in grapefruit and grapefruit juice strongly inhibit the liver enzyme CYP3A4 in a dose-dependent manner, thus reducing or preventing the biotransformation of drugs metabolized by this enzyme. This leads to abnormally high and potentially serious or lethal concentrations of these drugs in the blood [35]. Some clinically relevant interactions take place when grapefruit (as well as some other citrus varieties, primarily sour types) are administered with statins, anxiolytic drugs, methadone, or calcium channel blockers [37]. This interaction has led to a ban of grapefruit products in many healthcare facilities.
Goldenseal, used topically as an antiseptic and systemically for the treatment of gastrointestinal disorders and menstrual pain, is also known to strongly inhibit CYP3A4, which prevents the metabolism of drugs such as erythromycin, leading to abnormally high blood levels of this antibiotic [38,39].
An opposite effect is caused by other medications, including the herbal antidepressant St. John's wort (SJW). SJW induces both CYP3A4 and the intestinal drug transporter P-glycoprotein. Consequently, drugs transformed by CYP3A4 will be degraded faster and their blood levels quickly fall below therapeutic levels with foreseeable clinical implications [36]. These mechanisms have been linked to the low circulating levels of the antirejection drug cyclosporine in patients who received a kidney transplant and were also being treated with SJW [36]. A similar mechanism was reported in a heart transplant recipient and was responsible for the acute rejection of the transplant [40].
Other pharmacokinetic interactions between SJW and prescription drugs have been the subject of several clinical studies, including one that reported the interaction with the anxiolytic alprazolam [41]. Alprazolam is metabolized by CYP3A4 in the liver and intestinal mucosa, and SJW induced the activity of CYP3A4, shortening the elimination half-life of alprazolam from 12.4 to 6 hours.

Pharmacodynamic Interactions



Pharmacodynamic drug-drug or herb-drug interactions result from actions on molecular targets that mediate different processes of a physiologic response. The final result of these interactions can lead to an increase (i.e., synergism or potentiation) or decrease (i.e., inhibition or offset) of the expected response. For example, the antidepressant properties of SJW are associated with hypericin, pseudohypericin, and hyperforin. These compounds have a mechanism of action identical to fluoxetine (Prozac) and paroxetine (Paxil), and inhibit serotonin reuptake [42]. It is therefore not surprising that SJW, like the selective serotonin reuptake inhibitors, has a pharmacodynamic synergistic interaction with drugs that further contribute to increases in serotonin concentration in the synapse, such as monoamine oxidase (MAO) inhibitors (e.g., phenelzine) [41,43,44]. The abnormal increase of serotonin resulting from the herb-drug interaction can cause a mild "serotonin syndrome," characterized by confusion, restlessness, high blood pressure, fever, and muscle spasms [45,46,47,48].
Clinically relevant interactions also occur between HMs and conventional medications that affect hemostasis, such as antiplatelet drugs (e.g., acetylsalicylic acid, dipyridamole), anticoagulants (e.g., heparin and vitamin K antagonists such as warfarin), and fibrinolytic drugs (e.g., alteplase, reteplase). A number of HMs contain high amounts of coumarin, salicylates, or other compounds that interfere with hemostasis. Both red clover (Trifolium pretense) and sweet clover (Melilotus alba) are rich in coumarin. Mold contamination of these plants converts the coumarin into dicoumarol, the vitamin K antagonist from which the potent anticoagulant warfarin is derived. Toxicity has been reported in cattle grazing on moldy clover hay [49,50,51]. Although this interaction has not been reported in humans, due to the below-threshold effect of dicoumarol when the herb is administered at the recommended dosage, it is advisable to closely monitor hemostasis in patients undergoing anticoagulant therapy [50,51].
Another potential herb-drug interaction exists between ginkgo biloba and conventional anticoagulants, as a few cases of hemorrhage have been reported in the literature. One German study, however, has shown that the inhibition of the platelet-activating factor by ginkgo biloba was only observed for amounts at least 100 times higher than the recommended dose [52]. Although, mechanistically, there is the potential for synergistic interaction between ginkgo biloba and anticoagulants, it seems unlikely. Interactions between various HMs and conventional cardiovascular pharmacotherapy, such as anticoagulants, antihypertensives, diuretics, statins, and digoxin, have been reported [53].


ADVERSE EFFECTS/ADVERSE DRUG REACTIONS



As discussed, the pharmacologic properties of HMs and their
        interactions with prescription drugs can cause adverse effects, also known as adverse drug
        reactions, and have the potential to cause toxicologic effects. The reporting of adverse
        effects is the most important tool in post-marketing drug surveillance and accounts for 60%
        of the data used for adverse effects assessment [54,55]. In the United
        States, the FDA has the FDA Adverse Event Reporting System (FAERS). Adverse event reporting
        for dietary supplements, including HMs, should be directed to FDA's MedWatch. The equivalent
        agency in Canada is the Canada Vigilance Adverse Reaction Online Database. Reports should be
        made to MedEffect Canada. An adverse events reporting system, Natural MedWatch, has also
        been established by the Therapeutic Research Faculty, an independent publisher of
        evidence-based recommendations for pharmaceuticals (Resources).
In both the United States and Canada, adverse effects can
        also be reported to the manufacturer. In turn, the manufacturer should submit all the
        collected information to the regulatory agencies. The efficiency of this latter process,
        however, has been the subject of lengthy debate.

TOXICOLOGY OF HERBAL MEDICATIONS



Systematic analysis of the evidence-based toxicologic
        properties of HMs is scarce. Toxicologic effects of HMs can result from: 
	Administration of a high dose of an HM and consequent abnormal exacerbation of the
              intended therapeutic effect or occurrence of a toxic effect unrelated to the original
              therapeutic effect
	Adulteration of the product either by contamination with other plants or with
              prescription medications illegally included in the product
	Interactions with conventional drugs or other HMs


There is a relationship between the administered amount of a drug and the effect obtained (dose-response curve). As for any drug, very low doses of HMs, below the intended therapeutic threshold, do not have a pharmacologic effect, whereas higher doses within the therapeutic range will elicit the intended effect (therapeutic dose). Above therapeutic doses, the compound may elicit unintended responses, which can result from the exacerbation of the therapeutic effect and the accompanying adverse effects. For example, high doses of an antihypertensive drug can cause abnormally low blood pressure. Alternately, it may stem from the occurrence of another adverse effect not directly related to the primary therapeutic action of the drug. Acetaminophen, the leading cause of acute liver failure in the United States, is a typical example to illustrate the latter type of event [56]. When administered at doses above the therapeutic threshold for analgesia and antipyresis, it causes liver toxicity and can eventually cause death due to liver failure. The smallest dose of a drug that elicits a toxic effect is known as the minimum toxic dose. The lowest drug dose that causes death is known as the minimum lethal dose.
Considering the fact that HMs have a complex and varied chemical composition, and due to the limited knowledge of the precise effects on different constituents of organ systems, healthcare providers should always be aware of their potential toxicity. A relevant example results from chronic ingestion of germander (Teucrium chamaedrys). In traditional Chinese medicine, it is used in the form of tea or extract for a variety of purposes, including weight loss. A number of germander-induced cases of severe hepatotoxicity have been reported in the scientific literature, leading to it being banned in France [57]. In 1996, two more cases of hepatotoxicity were reported in Canada [58]. It has been established that its toxicity is caused by the development of autoantibodies that cause immunoallergic hepatitis, and it is strongly advised that it should not be ingested for any reason [59].
Toxicity may also occur as the result of adulteration in the composition of HMs. This may
        occur by contamination with toxic plants or molds due to improper selection or storage.
        Adulterations of the intended product may occur either accidentally or deliberately when
        unscrupulous suppliers replace the intended plant for a cheaper one. Although this
        substitution may cause physiologic responses that resemble the ones intended, other effects,
        including toxicity, may occur. Widely reported cases have occurred in several countries,
        including the United States, where a mixture of plants used in traditional Chinese medicine
        to detoxify the body contained Digitalis lanata instead
        of plantain and caused digitalis intoxication in two patients. More numerous cases were
        prevented by the timely intervention of the FDA, leading to the immediate recall of the
        product [60]. Another well-known case
        occurred in Belgium, where more than 40 patients developed interstitial fibrosis and
        progressive renal failure when the nephrotoxic herb Aristolochia
          fangchi, known to contain potent carcinogens, was substituted for the intended
          Stephania tetrandra
        [61].
On several occasions, it has been found that an HM was deliberately adulterated by adding a prescription drug. Such was the case reported in England, when very high levels of the synthetic drug dexamethasone were found in an herbal cream used to treat eczema [62]. In Saudi Arabia, a complete toxicologic screening of more than 200 samples of traditional products revealed contamination by synthetic drugs (8 cases), micro-organisms (18 cases), toxic substances of natural origin (14 cases), or high heavy metals content (39 cases) [63]. These examples illustrate the need for an increased public and professional awareness, the implementation of appropriate quality control and exhaustive testing of supplies, adherence by the manufacturers to good manufacturing practices, and selection of products manufactured by reputable companies [64].


7. HERBAL MEDICATIONS: REGULATORY ASPECTS



COMPARISON OF THE PROCESSES OF APPROVAL OF HERBAL COMPOUNDS AND CONVENTIONAL DRUGS



As mentioned, the main difference between HMs and conventional Western medications is neither exclusively nor primarily based on the origin of the compound (i.e., natural versus synthetic) but rather on the process of evaluation regarding efficacy and safety, which the compound should undergo prior to being marketed. In fact, many conventional medications are extracted from natural sources or are the chemical derivatives of naturally occurring molecules.
In Western countries, the process of approval of new conventional medications is tightly regulated. New drugs undergo a process of detailed scrutiny and scientific evaluation prior to being released into the market. Briefly, during the preclinical stages, the physiopathologic mechanisms underlying the disease are identified, and biologic targets (e.g., enzyme, receptor, gene) are identified. Drugs aimed at biologic targets are tested in vitro, and in vivo experiments are conducted under controlled conditions. When the potential therapeutic benefit has been established based on the preclinical studies and the drug is considered ready for human studies, an elaborate application is then submitted to the appropriate regulatory institution: the FDA in the United States and Health Canada in Canada. The application includes:
    
	Composition and source of the drug
	Manufacturing information
	Data from in vitro and animal studies
	Detailed plans for proposed clinical trials
	Names and credentials of physicians responsible for conducting the clinical trials


If approved, human studies of the investigational new drug
        (IND) can be initiated. At the institutional level, interdisciplinary review boards are
        responsible for assuring the ethical and scientific integrity of the clinical trials.
Clinical studies are conducted in four stages or phases (I,
        II, III, and IV). Phase I is aimed at establishing drug safety, dosage, and pharmacokinetic
        properties of the drug (e.g., half-life, metabolism). These are open or nonblind studies, in
        which both investigators and healthy subjects (25 to 100) know what is being administered.
        Results of human studies are compared with animal studies.
The goal of Phase II is to study the effect of the drug on
        volunteer patients (100 to 200) with the disease for which the drug was developed. Subjects
        will either receive the drug, a placebo (negative control), or the standard drug (positive
        control) used in the treatment of the disease. Further toxicologic studies in animals will
        continue to assess chronic toxic potential.
Finally, in Phase III, double-blind or cross-over studies
        are conducted to further evaluate the efficacy of the drug in larger groups of thousands of
        patients. When Phase III is finished and if the results meet the goals initially
        established, a new drug application (NDA) will be submitted to the FDA or its congener in
        another country. After several years of preclinical research, four to six years of clinical
        trials, and as many as three years after the NDA has been submitted, the FDA may then
        approve marketing of the drug. At that point, Phase IV is initiated and a mechanism of
        post-marketing surveillance, including reporting of adverse effects, will be in
        place.
Compared with this elaborate process of approval, the
        mechanisms required for the marketing of HMs are extremely simple. To start, in many Western
        countries, including the United States and Canada, herbal medications are not legally
        considered drugs, but rather as dietary supplements and natural health products,
        respectively. Consequently, HMs are not legally required to undergo extensive preclinical
        investigation, and clinical trial evaluations are not required prior to the marketing of the
        herbal product. Rather, approval is based on traditional usage.
It should be noted that several herbal medications, namely in the European community, have been thoroughly evaluated, including safety and efficacy, product standardization, and well-conducted clinical trials with comparison to standard treatments (i.e., Phase III). These principles apply to the studies conducted to evaluate the efficacy of standardized preparations of saw palmetto (Serenoa repens) in the treatment of BPH [33,34,65].


8. SCIENTIFIC EVALUATION OF HERBAL MEDICATIONS



PRECLINICAL STUDIES AND EVALUATION IN CLINICAL TRIALS



The number of scientific studies aimed at unraveling the
        mechanism of action of HMs has undergone a remarkable growth in recent decades. Development
        of new legislation, availability of research funds to study the pharmacologic mechanisms of
        action and therapeutic efficacy of HMs, drug standardization, and implementation of clinical
        trials to assess HMs have played a central role in the development of an evidence-based
        approach to phytotherapeutics. The NCCIH in the United States and the NNHPD in Canada are
        pivotal in establishing advisory panels, coordinating scientific resources and expertise,
        and funding quality research on HMs [64,66]. The American Society for
        Pharmacology and Experimental Therapeutics has long supported the increase in the National
        Institutes of Health's NCCIH budget for peer-reviewed research on botanical medications,
        particularly aimed at studying mechanisms of action and interactions with prescription drugs
          [67].
Scientific evidence on HMs should also be included in the basic curriculum in medical, pharmacy, dental, and nursing schools. Continuing education of healthcare professionals also contributes to a multidisciplinary and inclusive evidence-based assessment of HMs as part of a broader approach to maintenance of health and disease prevention.

IDENTIFICATION OF ACTIVE COMPOUNDS, ISOLATION, AND STANDARDIZATION



Standardization of the product and its individual chemical
        constituents is of major importance, and reliability of practices and procedures by the
        manufacturer is absolutely crucial. Several reports have analyzed the concentration of
        active ingredients present in herbal medications and compared the values obtained with those
        reported on the label by the manufacturer. Batch-to-batch variability has also been
        reported, and in one particular case of a compound containing ephedrine and methyl
        ephedrine, concentration of these substances varied by 180% and 1,000%, respectively [68].
The lack of standardization may also account for negative
        results obtained in some clinical trials [69]. One study revealed that, in the case of the antidepressant SJW (Hypericum perforatum), the amount of two of its most important chemical
        constituents, hypericin and pseudohypericin, can vary from 108% to 30% or even to as little
        as 0.1% of the amount reported on the label when a chemical analysis is conducted in a large
        number of samples from various manufacturers [70].
More reassuring results have been reported. The chemical
        composition of five of the most commonly used HMs was studied, and these results were
        compared to the information provided in the label by the manufacturer [71]. Results of this study, conducted by the
        University of California, Los Angeles (UCLA) Center for Human Nutrition, are encouraging and
        reflect a positive trend in increased quality and standardization of HMs by the
        manufacturers. For each product, three different samples from each of 12 bottles (6 bottles
        for each of the two separate batches) were collected. Five of the most commonly used HMs in
        North America were studied, specifically saw palmetto, SJW, echinacea, ginkgo biloba, and
        kava. Samples were purchased from 8 to 10 different suppliers nationally available in the
        United States. A greater consistency of composition was observed for samples purchased over
        the counter than for those purchased by mail order. A drastic decrease in variability of the
        marker compound was observed between batches; saw palmetto and SJW were the least variable,
        and the most variable were ginseng and echinacea [71].
In fact, analysis of the saw palmetto specimens revealed that the concentration of the marker compound ranged from 77% to 106%, and for two of the manufacturers the values were within ±10% of their label claim. For SJW, the concentration of the marker compound hypericin ranged from 88% to 110%, and for two of the suppliers it was within ±10% of their claim. In the echinacea compounds studied, the concentration of the marker compound ranged from 78% to 173% of the reported value, and two of the manufacturers were within ±10% of the concentration claimed. Ginseng was the most variable HM, and the amount of the marker varied from 44% to 261% of the claim. Only for one of the manufacturers was the value within ±10% of the claim. For kava, the values were within ±10% of their claim for more than 70% of the suppliers [71].
In the United States, the National Institute of Standards and Technology (NIST), in collaboration with the National Institutes of Health Office of Dietary Supplements, the FDA, the Center for Drug Evaluation and Research, and the Center for Food Safety and Applied Nutrition, is developing procedures regarding the standardization of dietary supplements and natural health products [64,72]. The development of standardization of active ingredients, accurate evaluation of chemical contaminants, such as toxic metals present in the soil and/or acquired during processing, and screening for microbiologic contaminants, such as Escherichia coli, will certainly contribute to an increase in consumer reassurance, and to the acceptance by larger numbers of conventional healthcare providers [73]. In 2007, the FDA issued guidelines to outline requirements and expectations regarding how dietary supplements are manufactured, prepared, and stored [74]. These practices are meant to reduce misidentification and contamination of dietary supplements by manufacturers and to reduce errors in purity, strength, and composition. The guidelines are updated periodically to ensure current safe practices, with the last update conducted in 2013 [74,75]. Although the practices are expected to be adhered to, to date there is no FDA approval process [74]. Several organizations, including the U.S. Pharmacopeial Convention (USP), NSF International, and Consumerlab.com, offer voluntary dietary supplement verification programs that provide standards and monographs for determining product and ingredient identity, strength, quality, and purity, and award a seal of approval mark to dietary supplement products that meet their criteria [74,76,77,78].
Legislation requiring the standardization of herbal medications has been successfully implemented in several countries of the European Union, with benefits regarding the scientific assessment of pharmacologic properties and conduction of well-controlled clinical trials and mandatory reporting of adverse effects [79]. It has often been argued that a stricter control of phytochemicals further enhances their role as useful complementary rather than alternative therapeutic tools to conventional medications [64,74,75].


9. EVIDENCE-BASED REVIEW OF THE MOST COMMONLY USED HERBAL MEDICATIONS



Considering the large number of available HMs, it is beyond the scope of this course to exhaustively review them all. Fourteen of the most commonly sold HMs will be reviewed following an evidence-based assessment of several parameters relevant to clinical practice (Table 1). For each phytomedicine, the following subjects will be presented:
  
	Common name and scientific name
	Historical and current use
	Pharmacology
	Evidence-based therapeutic use and effectiveness
	Adverse effects and drug interactions
	Toxicology
	Dosage



Table 1: A REVIEW OF HERBAL MEDICATIONS
	Common Name	Scientific Name	Typical Modern Uses	Efficacy	Safety
	Saw palmetto	Serenoa repens or Sabal
              serrulata	Treatment of benign prostatic hyperplasia (BPH)	★★E	S
	St. John's wort	Hypericum perforatum	Treatment of mild-to-moderate depression	★★E	AEs/DIs
	Ginkgo	Ginkgo biloba	Management of age-related memory loss, dementia, early stages of Alzheimer disease	★★E	S
	Ginseng	Panax ginseng, P.
              quinquefolius, P. japonicus	Treatment of cardiovascular diseases, diabetes, immunomodulation, menopause	★E	No S data
	Echinacea	Echinacea angustifolia, E. pallida, E. purpurea	Treatment of common-cold symptoms	★★E	S
	Kava	Piper methysticum	Treatment of anxiety, stress, insomnia	★★★E	AEs/DIs/UnS
	Garlic	Allium sativum	Prevention and treatment of hyperlipidemia, hypertension, cardiovascular disease	★★E	AEs/DIs
	Valerian	Valeria officinalis	Treatment of insomnia, anxiety	★★E	S
	Andrographis	Andrographis paniculata	Prevention of upper respiratory tract infections	★★E	AEs/DIs
	English ivy leaf	Hedera helix	Treatment of bronchitis and asthma	★★★E	S
	Peppermint	Mentha x piperita Lamiaceae	Management of irritable bowel syndrome, dyspepsia	★★E	S
	Ginger	Zingiber capitatum or Zingiber officinale	Treatment and prevention of nausea	★★★E	S
	Soy	Glycine max	Treatment of cardiovascular disease, osteoporosis	★E	No S data
	Chamomile	Chamaemelum nobilis or Matricaria recutita	Management of inflammatory diseases	★★E	S


Source: Compiled by Author


The therapeutic effectiveness of each medication is based on published scientific data regarding in vitro and in vivo studies of the mechanism of action and clinical studies, including randomized clinical trials, clinical studies, and meta-analyses. Accordingly, each herbal product is ranked into one of the following four categories:
★★★E: Clinically effective: Demonstrated by multiple randomized clinical trials
★★E: Clinically beneficial: Demonstrated by several controlled clinical trials, although some studies show conflicting or inconclusive results
★E: Limited effectiveness: Demonstrated by controlled clinical trials
No E data: Nonexistent or minimal supporting scientific evaluation
Product safety guidelines follow the same general rules applicable to mainstream drugs, and use during pregnancy, lactation, and childhood should be restricted to compounds tested for teratogenicity, carcinogenicity, and general toxicity. Otherwise, it is not advisable for the patient to be exposed to an untested HM. As a guideline, a product is ranked as:
  
	S: Safe
	AEs/DIs: Reported adverse effects and/or drug interactions
	UnS: Unsafe
	No S data: Unknown or limited controversial safety data


SAW PALMETTO



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



Saw palmetto (Serenoa repens or Sabal serrulata) is also known as American dwarf palm or
          cabbage palm. This abundant and scrubby palm is indigenous to Florida and other
          southeastern states of the United States.

Historical and Current Use



Saw palmetto berries collected in the autumn were used by southeastern Native Americans in the treatment of urinary disorders and as an antiseptic. Saw palmetto extracts are now used in the treatment of BPH. In several European countries, use of this herb has been approved for the treatment of mild-to-moderate BPH. In Germany and Austria, saw palmetto is the most common form of therapy for BPH and represents more than 90% of all drugs prescribed for the treatment of this disorder [51,65].

Pharmacology



The beneficial effects of standardized liposterolic
          extracts (phytosterols) in the treatment of BPH are now well established. The extracts
          represent 85% to 95% of free fatty acids from saw palmetto berries. Although the mechanism
          of action of saw palmetto is not completely understood, both in vitro and in vivo studies
          have revealed that the beta-sitosterol component of the extract correlates with its
          efficacy in the treatment of BPH [80,81,82]. Saw palmetto inhibits 5-alpha-reductase, the enzyme responsible for
          the transformation of testosterone into dihydrotestosterone (DHT), its tissue-active form
            [82,83]. This mechanism of action is similar to the one described for
          finasteride and dutasteride [34,82,84]. It should be noted, however, that finasteride only inhibits the type
          1 isoform of 5-alpha-reductase responsible for the production of different testosterone
          metabolites in the tissues, whereas saw palmetto inhibits both type 1 and type 2 isoforms
            [82,85].
Other pharmacologic mechanisms of action of saw palmetto have been reported in the literature, namely that it competes with DHT and blocks androgen receptor stimulation, although this mechanism does not seem to correlate with its clinical efficacy [82,86]. In vitro, saw palmetto extracts have alpha-1 adrenoceptor blocking properties like the standard drug tamsulosin, albeit this mechanism does not seem to account for saw palmetto's therapeutic effects as it is not observed at the lower concentrations, which are equivalent to the doses used in humans [87]. Interestingly, saw palmetto also inhibits cell proliferation and promotes apoptosis (i.e., programmed cell death) of prostate cancer cells, and its anti-inflammatory properties have been linked to its inhibitory actions on cyclooxygenase and lipoxygenase [88,89,90]. Together, all of these mechanisms may synergistically contribute to the therapeutic efficacy of saw palmetto extracts.

Evidence-Based Therapeutic Use and Effectiveness



The clinical effectiveness of saw palmetto in the treatment of mild-to-moderate BPH has been extensively studied. A comprehensive review of clinical studies that assessed the efficacy of saw palmetto versus placebo and saw palmetto versus finasteride was published in 2002 [65]. Results from 21 clinical trials, with a total of more than 3,000 patients, were analyzed. Several clinical parameters were evaluated, including urinary symptoms (e.g., dysuria, fullness, bladder residual volume), nocturia, urine flow rate, and prostate size (Boyarsky score, American Urologic Association Score, and International Prostate Symptom Score). The authors concluded that, "men taking saw palmetto were nearly twice as likely to report improvement in symptoms than men taking placebo," [65]. Also, "when compared to finasteride, saw palmetto provided similar responses in urologic symptoms and flow measures and was associated with a lower rate of impotence" [65]. This review, however, lacks information regarding comparisons between saw palmetto and alpha-1 adrenoceptor antagonists such as tamsulosin. Updates of this review, published in 2009 and 2012, found that saw palmetto was not more effective than placebo for treatment of urinary symptoms consistent with BPH [91,92].
A large study of more than 2,500 patients suffering from mild-to-moderate BPH compared the effectiveness of saw palmetto versus tamsulosin (704 patients), saw palmetto versus finasteride (1,098 patients), and two different doses of saw palmetto (160 mg twice a day versus saw palmetto 320 mg once a day) [34]. The study demonstrated a better outcome for patients taking saw palmetto than those taking either of the conventional drugs. Also, unlike the conventional drugs, no negative impact on sexual function was reported by patients treated with saw palmetto. These results further support other well-conducted studies [84,93,94,95,96,97,98,99,100]. Interestingly, saw palmetto was less effective than finasteride in reducing prostate volume, although involution of the prostate epithelium and reduction of inflammation was observed [34,101]. Co-administration of saw palmetto and finasteride did not improve the treatment outcome. A report in which saw palmetto efficacy was not observed may be attributable to the study being conducted in patients with moderate-to-severe BPH, as opposed to the beneficial effects on patients with a mild-to-moderate condition [102]. In addition to the population cohort difference, the study also failed to conduct an appropriate dose-response study or raise the dose of saw palmetto to adjust for the severity of the medical condition.
In conclusion, evidence demonstrates that saw palmetto is effective in the treatment of mild-to-moderate BPH, is less expensive, and is better tolerated than conventional medications [94,103]. In addition, it is now well established that saw palmetto does not interfere with the laboratory measurements of prostate specific antigen (PSA), used to assess the progression of prostate cancer [83,104]. This presents a considerable advantage over 5-alpha-reductase inhibitors finasteride and dutasteride, which are known to mask PSA readings and prevent an accurate assessment of the disease progression and concurrent development of prostate cancer [83,104]. The efficacy of saw palmetto in the treatment of more severe BPH has not been established.
Saw palmetto has also been used to treat other genitourinary disorders, including chronic prostatitis. However, clinical studies have shown a lack of significant improvement in patients treated with saw palmetto for one year, contrasting with the benefits observed in the group treated with finasteride [103,105].
It has also been advocated that saw palmetto, either alone or in conjunction with other nutraceuticals, may also play an important role in the prevention of BPH, although the results obtained are inconclusive [106,107]. The effects of chronic saw palmetto administration on the organization of chromatin structure in patients with BPH provides an insight of the molecular effects of saw palmetto potentially relevant to gene expression and tissue differentiation [108].

Adverse Effects and Drug Interactions



Consistently, all studies revealed the absence of significant side effects. A 2008 meta-analysis of saw palmetto trials found that serious adverse effects (e.g., cancer, sexual dysfunction, hepatotoxicity, respiratory problems) were no more common in treatment groups than in placebo groups [109]. Gastrointestinal symptoms, including nausea or abdominal pain, may occur in less than 2% of patients but seem to decrease when doses are taken with a meal. Because of its antiandrogenic properties, women should not take saw palmetto for treatment of urogenital problems if they take contraceptives, hormone replacement therapy, have breast cancer, or are pregnant [65,82]. Furthermore, there is no clinical evidence supporting a beneficial effect of saw palmetto in the treatment of urethritis in women. Interactions with anticoagulants are negligible and arise from a single reported case [110]. In clinical trials, 3% of the subjects developed hypertension, compared with 2% treated with finasteride; however, this difference was not statistically significant [84].

Toxicology



Saw palmetto is widely considered a safe phytomedicine, and no serious toxicologic effects are reported in the scientific literature [109]. Results of the Complementary and Alternative Medicine for Urological Symptoms (CAMUS) trial found no evidence of toxicity among 369 patients randomized to 320 mg, 640 mg, or 960 mg daily saw palmetto extract at doses up to three times the usual clinical dose during an 18-month period [111].

Dosage



Standardized lipophilic extracts of saw palmetto are administered at a dose between 100–400 mg twice daily for the treatment of BPH [33,34,51,82]. A dose of 160 mg twice a day is the most commonly used dosage in clinical trials [82]. Therapeutic benefits are observed within three to four weeks after the initiation of treatment, which usually lasts for three to six months.


ST. JOHN'S WORT



Efficacy: ★★E
Safety: AEs/DIs
Common Name and Scientific Name



St. John's wort (Hypericum perforatum) is also known as amber touch-and-heal, goatweed, and klamath weed.

Historical and Current Use



This perennial, native to Europe, Western Asia, and North Africa, is a resilient weed, widespread in parts of the United States and southern Canada. The plant has golden-yellow flowers that bloom in the summer, which are collected and dried. The medicinal use of SJW as a topical anti-inflammatory and for wound healing has been known since ancient Greece. Extracts have been used in folk medicine for the treatment of depression and other mood disorders and also as a diuretic. Today, SJW is used primarily for the treatment of mild-to-moderate depression and has traditionally been the most commonly prescribed antidepressant in Germany, where it is available as a prescription medication [79,112].

Pharmacology



Several chemicals, including naphthodianthrones (e.g., hypericin, pseudohypericin), phloroglucinols (e.g., hyperforin), flavonoids (e.g., quercetin), and essential oils, are the primary constituents of SJW [82,113]. Formulations are standardized to concentrations of hypericin, usually 0.3% to 0.4%, which is considered the active ingredient responsible for the antidepressant properties of SJW. Clinical and pharmacologic studies, however, have shown that hyperforin concentrations of 2% to 4% correlate closely with antidepressant efficacy [114,115].
The pharmacologic mechanisms of action of SJW extracts
          relevant to its antidepressant effect are complex. Hypericin may have a minor role in MAO
          inhibition, a mechanism shared with the classical antidepressant phenelzine [82]. This mechanism, however, is not
          considered clinically significant because it is only observed at concentrations 100 times
          higher than those used to treat depression [33]. Hyperforin is generally agreed to be the active component [82]. Both hypericin and hyperforin inhibit
          synaptic reuptake of serotonin, which is the same action as fluoxetine and paroxetine, but
          they also inhibit the reuptake of dopamine and noradrenaline, like other antidepressants
          including venlafaxine [82,116].
After a single dose, the half-life of hypericin is four to six hours, whereas after chronic administration, the half-life of hypericin is one to two days [117,118]. These values are comparable to those observed for fluoxetine (one to three days) and the selective serotonin re-uptake inhibitor (SSRI) paroxetine (12 hours) [48].
Long-term administration of SJW extracts increase the synaptic density of serotonin receptors by 50%, whereas the receptor affinity remains unchanged [119]. The increase in number of serotonin receptors was observed after a minimum 10 to 12 days treatment, a time frame that correlates with the well-known therapeutic delay of standard antidepressant drugs [120]. Together, the increased number of serotonin receptors and the increase in synaptic concentrations of neurotransmitters provide a mechanistic explanation for the antidepressant effects of SJW [113,117,121].
SJW extracts also have antibacterial properties, accounting for the antiseptic and wound-healing properties of topical formulations. Hyperforin is effective in inhibiting gram-positive bacteria, including penicillin-resistant and methicillin-resistant Staphylococcus aureus, but it is not effective against gram-negative bacteria. One randomized trial showed the effectiveness of SJW topical application in the treatment of atopic dermatitis [122,123,124]. In one small pilot study, SJW significantly improved erythema, scaling, and thickness in plaques of patients with mild psoriasis [125].
Some in vitro studies have shown that SJW extracts have antiviral properties, namely against influenza virus, and one study has identified a novel protein in SJW that suppresses gene expression in human immunodeficiency virus (HIV) [122,126]. However, a Phase I clinical trial provided negative results [127]. It is important to emphasize that SJW should not be administered to HIV or acquired immune deficiency syndrome (AIDS) patients because of the pharmacokinetic interactions with antiretroviral protease inhibitors, such as indinavir, saquinavir, and ritonavir, and non-nucleoside reverse transcriptase inhibitors, such as efavirenz, which are metabolized by CYP3A4. Induction of CYP3A4 by SJW drastically reduces drug concentrations in the blood by 50% to 80% with subsequent loss of HIV suppression [128].
Finally, in vitro studies have shown that hyperforin and hypericin inhibit tumor cell growth by induction of apoptosis [129,130]. The use of SJW extracts in the treatment of triple-negative breast cancer is an area of ongoing research [131,132]. Although these compounds seem to have high efficacy, their potential clinical usefulness as anticancer agents is, at this point, merely speculative.

Evidence-Based Therapeutic Use and Effectiveness



Several clinical trials have assessed the efficacy and safety of SJW preparations in the treatment of depression. A 2005 Cochrane Review extensively analyzed published randomized, double-blind trials comparing SJW with placebo (26 studies) or with standard antidepressants (14 studies) [133]. SJW was demonstrated to be "more effective than placebo and similarly effective as standard antidepressants for treating mild-to-moderate depressive symptoms" [133]. The treatment period lasted from 4 to 12 weeks.
Two large clinical trials conducted in the United States did not support these findings [134,135]. Both studies were conducted on patients who suffered from moderate-to-severe depression, and many patents presented with a history of drug-resistant depression, which may have affected the outcomes. The Hypericum Depression Trial Study Group has also been criticized because the response rates for both the SJW-treated and the sertraline-treated groups were not different from the placebo-treated group. In another randomized study, conducted in Germany, the effect of SJW (900 mg/day standardized SJW extract) on moderate-to-severe depression was compared with paroxetine (20 mg/day) [42]. The treatment was continued for 6 weeks, and in initial non-responders, after 2 weeks of treatment the doses were increased by 100%. The results indicated that, in the treatment of moderate-to-severe depression, hypericum extract was, "at least as effective as paroxetine" and was better tolerated [42]. A 2008 Cochrane Review of trials examining the treatment of severe depression with hypericum reached similar conclusions as to its efficacy in comparison to placebo and conventional antidepressants. Also, subjects in the SJW groups had a lower drop-out rate, possibly due to fewer side effects [136].
It is established in the scientific literature that standardized SJW extracts are effective and safe in the treatment of mild-to-severe depression [51,122,133,136,137,138,139].

Adverse Effects and Drug Interactions





Evidence Based Practice Recommendation

According to the American Psychiatric Association, St. John's wort may
            be considered for patients with major depression who prefer complementary and
            alternative therapies, although evidence for its efficacy is modest at best and careful
            attention to drug-drug interactions is needed.
https://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf

             Last Accessed: June 10, 2022
Strength of Recommendation: III (May
            be recommended on the basis of individual circumstances)


SJW is well-tolerated and generally safe. Mild side effects include gastrointestinal symptoms, mild sedation or tiredness, dizziness, headache, and dry mouth. Incidence of side effects in SJW-treated patients (4% to 12%) is similar to that observed in the placebo-treated group and significantly lower than standard antidepressants [51,82,140,141]. Two rare adverse events may occur after administration of SJW. First, transient photosensitivity may occur when administered in higher doses, and second, the occurrence of a serotonin syndrome when co-administered with SSRIs is possible [82,142]. The latter results from the synergistic interaction between the drugs raising serotonin to abnormally high levels [45,46,47,48,143].
Pharmacokinetic interactions with SJW are rare and only occur at higher doses. Induction of cytochrome P450 isoforms, namely CYP3A4 and CYP1A2, by SJW results in a decreased bioavailability of drugs metabolized by this liver enzyme. These drugs include the immunosuppressant cyclosporine, the anticoagulant warfarin (bleeding), oral contraceptives (causing breakthrough bleeding), antiretroviral protease inhibitors, and theophylline [36,51,82,128,138]. A report has also shown a reduction in plasma levels of the HMG-CoA reductase inhibitor simvastatin [144]. Activation of the intestinal P-glycoprotein transporter also accounts for the reduction in plasma concentrations of digoxin [128].
In conclusion, although SJW has consistently been reported to be a safe drug when administered within its therapeutic range, its potential interactions with other drugs or herbs (e.g., kava) require caution and a thorough investigation during patient interview prior to use.

Toxicology



It is widely accepted in the literature that, when used within the normal therapeutic range, SJW is devoid of toxicologic properties. In high doses, SJW can elicit photosensitivity. Phototoxicity results from light-induced transformation of hypericin-derived pigments and has been reported in patients with HIV receiving high doses of intravenously administered SJW [127]. To date, only one study of potential teratogenicity during human pregnancy has been conducted, with data collected from the pregnancies of 54 SJW-treated women and 108 women either treated with conventional antidepressants or receiving no pharmacologic treatment. Rates of fetal malformations were similar among the three test groups and similar to rates of malformations in the general population; additionally, premature and live birth rates among the three test groups were similar [145]. Further research in this area is needed, and SJW administration in pregnant patients should therefore be avoided [82].

Dosage



Standardized preparations of SJW are usually administered from 500–1,800 mg per day [51,122,133,137,138]. In most studies, 900 mg was administered daily (450 mg twice a day, or 300 mg three times a day) [82].


GINKGO



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



Ginkgo (Ginkgo biloba), also known as kew tree, ginkyo, or duck-foot tree (because of the characteristic fan-shaped leaves), is a large, resilient, and long-living tree cultivated by monks in China, where many individual specimens are documented to be more than 1,000 years old. Ginkgo trees, often known as living fossils, are the only survivors of the entire Ginkgoaceae family. Fossils of this tree that date back more than 200 million years have been identified in areas throughout the Northern Hemisphere, including Europe and North America. Ginkgo trees were brought into Japan and other East Asian countries around 1200 C.E., possibly in relation to the spread of Buddhism. In the seventeenth century, they were reintroduced in Europe and, more recently, in North America. Ginkgo is a resilient tree to parasites and diseases and, interestingly, also survived the Hiroshima atomic bombing.

Historical and Current Use



The designation originates from ginkgo, meaning silver apricot, and biloba, which describes the two-lobed shape of the leaf. Historically, leaf extracts have been used in traditional Chinese medicine to treat a variety of disorders, including asthma, allergies, premenstrual syndrome, tinnitus, cognitive impairments resulting from aging and dementia, and vascular diseases including central and peripheral vascular insufficiencies. Standardized leaf extracts are used based on their neuroprotective and vascular regulatory properties in the management of intermittent claudication, age-related memory loss, dementia, and early stages of Alzheimer disease [33,146]. Plum-like fruits of the female tree are not edible and cause contact dermatitis. Ingestion of the seeds causes headache, nausea, diarrhea, and even seizures when ingested in larger amounts [51,147].

Pharmacology



More than 40 chemical components of ginkgo have been isolated, including flavonoids, terpenoids, flavones, catechins, sterols, and organic acids. The two most important and active groups of chemicals are the flavonoids, such as quercetin and kaempferol, and the terpenoids, including ginkgolides A, B, C, J, and M and bilobalide. Ginkgo biloba extracts available in Europe and North America are standardized to 24% flavonoids and 6% terpenoids and have been used in hundreds of in vitro and in vivo studies and numerous clinical trials [33,51].
The biologic properties of ginkgo biloba extract result from the complex interactions among chemical components, and it is therefore difficult to establish a well-defined cause-effect relationship between specific elements and biologic effect. Nevertheless, it is now well established that flavonoids have antioxidant and free-radical scavenger properties. They also have a protective effect against apoptosis and beta-amyloid neurotoxicity of Alzheimer disease and may play an important role in the prevention of neuronal degeneration in Parkinson disease [148,149,150,151].
Terpenoids, particularly ginkgolides, inhibit the platelet activating factor (PAF), and therefore prevent platelet aggregation, have anti-inflammatory properties, and prevent contraction of smooth muscles in the respiratory tract [146]. The vasodilatory properties of standardized ginkgo biloba extract preparations are attributed to the stimulation of endothelium-derived relaxing factor and regulation of nitric oxide release [51].
Ginkgo biloba extract also stimulates receptor expression and neurotransmitter concentrations in the brain, particularly acetylcholine [152,153,154,155]. This latter mechanism of action is similar to the cognitive enhancer, tacrine, previously used in the treatment of Alzheimer disease [156].

Evidence-Based Therapeutic Use and Effectiveness



There is scientific evidence supporting the beneficial use
          of standardized ginkgo biloba extract, 120–240 mg/day, in the treatment of
          mild-to-moderate cognitive impairment, such as age-related dementia, multi-infarct
          dementia, and possibly Alzheimer disease [33,157,158,159]. Some studies show that ginkgo biloba extract is as effective as the
          acetylcholinesterase inhibitor donepezil (Aricept) in the treatment of patients with early
          stages of Alzheimer disease, although these findings are not supported by additional
          studies [160]. One study reported that the
          combination therapy of gingko biloba extract plus donepezil was more effective than either
          therapy alone [161]. A 2015 systematic
          review noted a positive response (defined as improvement in cognitive function and
          activities of daily living and reduced neuropsychiatric symptoms) to a 240 mg/day dose in
          study participants with neuropsychiatric symptoms related to a dementia diagnosis but not
          in individuals thought to have Alzheimer disease [159]. Although studies have shown that ginkgo biloba extract appears to be
          safe and with no excess side effects compared with placebo, the evidence that it has
          predictable and clinically significant benefit for people with dementia or cognitive
          impairment is inconsistent, and whether ginkgo biloba leaf extract is beneficial for the
          treatment of Alzheimer disease remains controversial. Researchers recommend that the
          findings be confirmed by larger clinical trials [33,162,163,164,165,166,167,168].
Clinical trials have assessed the effectiveness of ginkgo
          biloba extract in the treatment of cerebral insufficiency, which is a syndrome combining
          mild cognitive impairment, headaches, confusion, poor concentration, fatigue, and
          dizziness, and is associated with mood disorders. Long-term treatment with ginkgo biloba
          extract at 120–150 mg/day reduced symptoms and improved short-term memory [169,170].
Some evidence supports the effectiveness of ginkgo biloba
          extract in the treatment of peripheral vascular disorders, including intermittent
          claudication and, to a lesser degree, Raynaud syndrome [33,171]. In fact, one
          clinical trial demonstrated that ginkgo biloba extract is as effective as pentoxifylline,
          the standard medication for the treatment of intermittent claudication [172]. Despite its ability to improve
          circulation, multiple clinical trials failed to show the efficacy of ginkgo biloba extract
          in the treatment of Raynaud disease compared with conventional therapy or placebo [173,174]. One analysis concluded that while ginkgo biloba treatment did
          slightly increase treadmill walking time of participants with peripheral artery disease
          and led to a slight reduction of pain, the therapy produced only modest overall
          improvements [175].
The beneficial effects of ginkgo biloba extract in a
          variety of medical conditions, such as tinnitus, cochlear disorders, and vascular
          retinopathies (including macular degeneration), have also been reported in the scientific
          literature, although larger studies are required to confirm the clinical outcome. It is
          possible that in these conditions, ginkgo biloba extract is the most effective when
          administered in conjunction with standard therapies.

Adverse Effects and Drug Interactions



Consistently, ginkgo biloba extract is considered a safe
          and well-tolerated drug when used at the recommended dose for periods of up to six months.
          In most clinical studies, the incidence of adverse effects is similar to placebo. Less
          than 2% of patients develop side effects, namely headache, nausea, or mild
          gastrointestinal symptoms [51]. Two cases
          of subarachnoid bleeding have been reported in patients taking ginkgo biloba extract and
          warfarin, and one case of subarachnoid bleeding and intraocular hemorrhage has also been
          reported in a patient taking ginkgo biloba extract and acetylsalicylic acid concurrently.
          A case of postoperative bleeding has also been reported after laparoscopic surgery [176]. In these cases, however, the causal
          relationship between ginkgo biloba extract and bleeding was not clearly established.
          Furthermore, bleeding was not reported in any of the clinical trials involving hundreds of
          thousands of subjects [51]. Nonetheless,
          it is advisable to discontinue ginkgo biloba extract administration several days prior to
          surgery [82].

Toxicology



Although in vivo studies did not report either embryotoxic or teratogenic effects of
          ginkgo biloba extract, this phytomedicine should be avoided during pregnancy and
          breastfeeding [33,82,177]. As mentioned, severe contact dermatitis, similar to that caused by
          poison ivy, can result from direct contact with the pulp of ginkgo fruit of the female
          tree. Ingestion of ginkgo seeds, but not leaves, in large amounts (50 or more) causes
          headache, nausea, diarrhea, and even seizures. This condition is known in Japan as
            gin-nan
          [82,147]. Pollen from the male tree can be allergenic for sensitive individuals
            [51].

Dosage



Standardized extracts are administered at a daily dose of 120–240 mg, in two or three equal doses, for periods of six months or longer [33,82,157,158].


GINSENG



Efficacy: ★E
Safety: No S data
Common Name and Scientific Name



Ginseng is a designation that applies to an HM that is prepared from the root of
          different plants of the Araliaceae family. Asian ginseng is obtained from Panax ginseng, American or Canadian from P. quinquefolius, and Japanese from P.
            japonicus. Siberian (Russian) ginseng is obtained from the root of Eleutherococcus senticosus, a plant that, although a member of
          the same Araliaceae family, is not a member of the Panax genus and, hence, is not considered a true ginseng. High-quality
          ginseng root is harvested in the autumn from plants that are 5 to 6 years old.

Historical and Current Use



The name Panax is
          derived from the Greek panacea, meaning cure-all. True
          to its etymology, the root of the plant has been historically used for a variety of
          purposes, such as improvement of cognitive and physical performance (i.e., ergogenic
          effect), cardiovascular diseases (e.g., hypertension), diabetes, cancer, immunomodulation,
          and menopause. Evidence-based knowledge regarding ginseng's medicinal properties is
          limited and has generally failed to support historical claims, possibly with the exception
          of clinical trials assessing the hypoglycemic properties of ginseng [33,178,179,180,181,182].

Pharmacology



Several chemicals, including polysaccharides (e.g.,
          ginsan, ginsenans) and a variety of saponins known as ginsenosides, are found in ginseng
            [82]. Ginsenosides, the most important
          bioactive compounds, are complex molecules with a steroidal skeleton and modified side
          chains. The concentration of different ginsenosides varies among species, age of plant,
          and season of harvest and contributes to the limited understanding of the pharmacologic
          and physiologic properties of each compound [82]. Adulterants are commonly found in ginseng preparations due to the
          high cost of authentic ginseng roots, and the presence of natural methylxanthines also may
          contribute to some reported physiologic effects [82].


Evidence Based Practice Recommendation

The Society for Integrative Oncology recommends 2,000 mg daily of
            encapsulated American ginseng root powder can be considered to improve fatigue during
            chemotherapy and radiation for breast cancer.
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21397

             Last Accessed: June 10, 2022
Level of Evidence: C (Recommends
            selectively offering or providing this service to individual patients based on
            professional judgment and patient preferences. There is at least moderate certainty that
            the net benefit is small.)


Ginsenosides Rb1, Rg1, and Rg2 improve cognitive
          performance, a mechanism likely related to the stimulation of cholinergic activity
          implicated in the mechanisms of learning and memory [82,183,184]. Both in vitro and in vivo models of
          Parkinson disease have shown that ginseng extracts have a neuroprotective effect against
          1-methyl-1-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced parkinsonism in rodents [185]. Gintonin, a novel glycolipoprotein, is
          a ginseng derivative found in the root of Korean ginseng [186]. Gintonin holds lysophosphatidic acid
          (LPA), a serum phospholipid that stimulates cell proliferation, migration, and survival
            [186,187,188]. It is thought
          that gintonin causes significant elevations in levels of intracellular calcium that
          promote calcium-mediated cellular effects. Research suggests that gintonin has antioxidant
          and anti-inflammatory effects against different models of neurodegeneration [186,187,189]. In studies of
          neurodegenerative diseases, such as Alzheimer disease and Parkinson disease, gintonin has
          demonstrated neuroprotective activity by providing action against apoptosis- and oxidative
          stress-mediated neurodegeneration [186,187,189]. In vitro and in vivo studies have
          demonstrated that ginseng polysaccharide GH1 and ginsenosides Rb2 and Re effectively
          reduce hyperglycemia and liver glycogen in genetically obese mice as well as in patients
          with and without type 2 diabetes [178,190,191]. Ginseng also stimulates insulin
          synthesis and release, an effect possibly caused by the increase in nitric oxide
          production by ginseng [192]. Preliminary
          results suggest that ginseng also regulates intestinal absorption of glucose and
          glycosylation of hemoglobin A1c (HbA1c) [179]. A variety of studies (human, animal, cell) have shown that different
          processed ginseng extracts and specific ginsenosides possess beneficial effects on type 2
          diabetes. Most studies of individual ginsenosides have focused on Rb1, Re, or Rg1 as these
          are the main components of ginseng and easily obtained. However, their large molecule
          structure results in poor systemic bioavailability. It is thought that these
          large-molecule ginsenosides may be a form of storage for saponins in ginseng plants rather
          than the active form in vivo. The smaller molecule ginsenosides (Rg3, Rh1) may be the
          ingredient that exerts therapeutic effects [193,194,195].
In vitro studies have shown that ginsenosides cause
          vasodilation and lower blood pressure and that panaxynol, a potent inhibitor of
          thromboxane A2, prevents platelet aggregation [196,197]. However, further
          scientific evidence of the antihypertensive effects of ginseng is required prior to
          considering its potential benefits in cardiovascular diseases. One double-blind controlled
          trial found that ginseng significantly improved arterial stiffness and systolic blood
          pressure but had no noted effect on diastolic blood pressure [198]. Research challenges to understanding
          the potential benefits of ginseng in cardiovascular disease include understanding and
          identifying the distinct cardiovascular properties of the different ginsenoside
          compositions, identifying what likely are multifaceted mechanisms that account for the
          effects of the distinct compositions, and determining which ginsenosides mediate which
          cardiovascular properties [199].The
          immunostimulatory and antiproliferative properties of ginseng have also been reported in
          the scientific literature, but further studies are required [200]. Ginseng has been studied for use in the
          treatment of menopause symptoms, due to the steroid-like chemical composition of
          ginsenosides, but the results were inconclusive.

Evidence-Based Therapeutic Use and Effectiveness



A Cochrane Review has concluded that the beneficial
          effects of ginseng preparations were "not established beyond reasonable doubt" [184]. Other literature reviews, however, have
          reported that ginseng extracts effectively reduced blood glucose levels in patients with
          type 2 diabetes, although information regarding dosage and long-term effects is still
          incomplete [33,179,201]. A modest improvement in cognitive performance has also been reported
            [33,179]. Ginseng is also being investigated for use in the treatment of
          chronic fatigue, respiratory tract infections, stroke, dermatologic diseases, and as an
          adjuvant to chemotherapy in the treatment of non-small-cell lung cancer [202,203,204,205,206,207,208].

Adverse Effects and Drug Interactions



Ginseng preparations are generally well tolerated when
          administered within the recommended dosage, and the available animal and human studies
          suggest that it is safe [82]. As a result
          of its hypoglycemic properties, it should be used cautiously in patients with type 2
          diabetes concurrently treated with oral hypoglycemic drugs. Improvements in blood glucose
          measures and glycemic control with ginseng use have been inconsistently reported [82].
Anticoagulant properties may also account for a few reports of epistaxis and vaginal bleeding. In contrast, a randomized, controlled clinical trial has shown that ginseng increases the risk of blood clotting in patients treated with warfarin. This pharmacokinetic interaction occurs only after long-term administration of ginseng and results from the induction of hepatic CYP450 isoforms responsible for warfarin metabolism [209].
Interactions between ginseng and MAO inhibitors have also been reported and may cause headaches, insomnia, nervousness, and mood disorders. Pharmacokinetic (e.g., CYP450 induction) and pharmacodynamic potentiation of antihypertensive drugs have also been reported, and it should not be administered to hypertensive patients [33,82].
A few case reports describe the occurrence of diarrhea, unstable mood, skin rash, or itching after long-term administration. Ginseng has also been associated with loss of menstrual periods and vaginal bleeding in menopausal women. Therefore, ginseng should not be administered to patients with hormone-sensitive conditions, such as breast or uterine cancer and endometriosis [82]. In men, it may be associated with estrogen-like effects, such as reduced libido and gynecomastia [33].

Toxicology



At normal doses, ginseng is reported in the literature as being safe. Nevertheless, ginseng should be avoided during pregnancy and breastfeeding [33,82,137]. A case of reversible masculinization of a newborn girl when a mother allegedly took Eleutherococcus senticosus (Siberian ginseng) during pregnancy has been reported [210]. In fact, it resulted from the adulteration of the original product and substitution of Periploca sepium, a vine of the milkweed family, for ginseng. Periploca sepium has been used in traditional Chinese medicine for its stimulatory and libido enhancing effects. Accordingly, it should be emphasized that the mentioned report has been erroneously used as published evidence of ginseng toxicity [211,212]. Pediatric safety concerns regarding ginseng treatment for upper respiratory tract infections were addressed in a 2008 Canadian trial involving 75 subjects (3 to 12 years of age) given standard doses, low doses, or placebo. The treatments were well tolerated, considered safe, and warrant additional research for use on these and other types of pediatric infections [213].

Dosage



Purified ginseng extracts are generally standardized to 4% or 7% ginsenoside contents. Usually, 100–200 mg of standardized 4% extract is administered orally once or twice daily, for as many as 12 weeks [82]. In traditional Chinese medicine, 0.5–2 g/day of dried ginseng root, equivalent to 200–600 mg of standardized extract, is commonly used. Long-term administration of ginseng should not exceed 1 g/day of the dry root form or 400 mg/day in the extract form. It is administered daily for two to three weeks, then discontinued for one to two weeks. This treatment schedule may be repeated for several months [33,137].


ECHINACEA



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



The designation echinacea applies to several plants of the
          Asteraceae/Compositae family, including E.
          angustifolia, E. pallida, and E. purpurea. Echinacea, also known as coneflower, narrow-leafed
          cone-flower, or black-eyed Susan, is indigenous to North America. It adapts well and
          thrives in temperate climates, including Europe and Asia, where it has been planted for
          decorative and medicinal purposes.

Historical and Current Use



Echinacea was used by Native Americans for a wide variety of conditions, including chewing the roots for toothaches and gingivitis, root and leaf infusion for stomach pain, colds, and infections, and topically as a disinfectant and for wound healing. The use of echinacea was quickly adopted by early European settlers, and shortly thereafter, it became widely used by European herbalists and physicians. In Germany, it has been commonly used in mainstream medicine for almost a century. The German Commission E has approved the use of echinacea for the amelioration of common-cold symptoms, upper respiratory infections, and urinary tract infections, as well as topical administration for treatment of superficial wounds [214]. The scientific literature generally supports a beneficial effect of echinacea extracts in the treatment of cold symptoms, but evidence of its efficacy in the prevention of colds is still limited [215,216]. Echinacea is the most widely sold HM in the United States and is the third most popular natural product overall (surpassed only by fish oil and glucosamine) [10].

Pharmacology



Preparations from different portions (e.g., root, leaves) of the echinacea plants (e.g.,
            E. angustifolia, E.
            purpurea, E. pallida) are collected during
          the blooming season. The products are usually dried, and several chemical components,
          namely caffeic acid derivatives (e.g., echinacosides, cichoric acid derivatives),
          flavonoids (e.g., quercetin), alkylamides, and polysaccharides, are identified upon
          alcoholic extraction [51]. Laboratory
          analysis of echinacea extracts with high-pressure liquid chromatography provides the
          chemical fingerprint of different echinacea species. In fact, in E. purpurea, no echinacosides are detected, whereas they are abundant in
            E. angustifolia and E.
            pallida. On the other hand, the amount of cichoric acid present in E. purpurea is 40- to 60-fold higher than that present in
            E. angustifolia and E.
            pallida, respectively [217].
          The relative concentration of various chemicals within the same species also varies in
          different plant parts. Echinacoside concentrations are higher in the root, whereas
          cichoric acid concentrations are higher in the flower of all echinacea species than in
          other plant parts.
Due to its complex chemical makeup, the precise pharmacologic and therapeutic properties of each compound remain to be determined. Naturally occurring phenols, such as the caffeic acid derivatives, are potent antioxidants due to the presence of hydroxyl groups on aromatic rings that scavenge tissue-damaging free radicals [217]. In vitro experiments revealed that alkylamides from echinacea inhibit cyclooxygenase and 5-lypoxygenase, accounting for its anti-inflammatory properties [218,219].
The immunostimulatory properties of echinacea have been demonstrated both in vitro and in vivo. Nonspecific effects, such as macrophage proliferation, stimulation of interleukin-1, tumor necrosis factor, and interferon stimulation, as well as specific effects, such as increase in numbers of T lymphocytes and natural killer cells, have been reported in several studies [33]. Because the total immunostimulatory effect of echinacea in humans remains to be established, the German Commission E discourages the use of echinacea in patients with autoimmune diseases.
Many preparations are standardized to 4% to 5% echinacosides, while others also report the concentration of cichoric acid. A detailed study conducted by investigators from the University of Colorado Health Sciences Center analyzed 59 samples of echinacea-only preparations purchased from 11 retail outlets in the Denver area [220]. Ten percent of the samples did not contain measurable amounts of echinacea, and the species content only agreed with the label in 52% of the cases. Twenty-one preparations claimed to be standardized, but only nine met the composition reported on the label. Although the efficacy of echinacea in the treatment of some medical conditions has been reasonably established, the lack of species identification and standardization, as well as product contamination/adulteration, should be thoroughly investigated prior to being administered. The poor quality of many available products certainly contributes to, or may account for, the conflicting results and significant number of negative reports published in the scientific journals.

Evidence-Based Therapeutic Use and Effectiveness



The therapeutic effectiveness of echinacea preparations in prevention and treatment of the common cold has been extensively studied. Several extensive reviews and meta-analysis studies have been published, and some have provided conflicting or inconclusive results.
Researchers evaluated the therapeutic effectiveness of echinacea in the treatment of the common cold based on nine placebo-controlled clinical trials and concluded that its effectiveness has not been established [221].


Evidence Based Practice Recommendation

According to the Institute for Clinical Systems Improvement, the
            evidence on the efficacy of Echinacea for the
            prevention of viral upper-respiratory infection is limited. The studies are either small
            or of low quality, or the evidence is insufficient to make conclusions. More studies are
            needed.
https://www.icsi.org/wp-content/uploads/2019/01/RespIllness.pdf

             Last Accessed: June 10, 2022
Level of Evidence: Expert
            opinion


Three randomized, double-blind, and placebo-controlled trials assessed the effectiveness of echinacea on the avoidance of and severity of colds. Consistently, they all revealed that subjects preventively treated with standardized echinacea extracts acquired fewer colds (22%, 58%, 49%) than the placebo group (33%, 82%, 56%) [222,223,224]. However, due to the small number of subjects studied in each trial, the decreases were not statistically significant. A meta-analysis evaluated these three clinical trials, and due to the common methodology used, the results of almost 400 subjects were combined [215]. The meta-analysis suggests that the risk of developing a cold was 55% higher in the placebo than in the echinacea-treated group, a statistically significant difference.
A 2014 Cochrane review also evaluated the effects of echinacea on naturally acquired colds [225]. Twenty-four published trials met their inclusion criteria. In the treatment of colds, echinacea was not effective in most clinical trials and beneficial or marginally better than the placebo group in only one trial. In the 12 prevention clinical trials, no significant difference was observed between echinacea and placebo groups, but a later analysis found a 10% to 20% reduction in cold risk [225]. Interestingly, the authors also commented on the pervasive issue of lack of standardization, the variability in bioactive composition of echinacea preparations, and the likelihood that they may contribute to, or account for, the lack of consistency in treatment and prevention outcomes.
In vitro and in vivo studies, and in some cases preliminary clinical evidence as well, support other possible therapeutic applications of echinacea preparations (e.g., immunostimulant, anti-infective, wound-healing) [82]. However, due to the limited data, the actual therapeutic outcome is inconclusive.

Adverse Effects and Drug Interactions



In clinical trials, echinacea preparations are generally
          well tolerated, and the number of patients dropping out of studies is similar to the
          placebo group. A single study conducted in children 2 to 11 years of age reported the
          occurrence of an allergic rash [226]. In
          adults, one review found that the most common adverse effects were nausea and vomiting
          (<1%), abdominal pain (<1%), and mild drowsiness and headache (<1%) [33]. One case of anaphylaxis has been
          reported in a patient with a history of atopic reactions [227]. Echinacea should not be administered to
          individuals with allergies to other plants of the Asteraceae family, including daisies,
          ragweed, marigolds, and chrysanthemums. It is also recommended to avoid echinacea if
          currently on immunosuppressants [82].

Toxicology



Both in vitro and in vivo studies suggest that, even when administered at doses several-fold higher than the ones normally used, echinacea is devoid of toxicity. Analysis of 112 pregnant women who were exposed to echinacea preparations during the first trimester of pregnancy showed no difference in fetal health when compared with the nonechinacea-exposed group [228]. Although other studies seem to confirm safety, echinacea preparations should be avoided during the first trimester due to lack of definitive evidence.

Dosage



For treatment of cold symptoms and upper respiratory infections, an initial 300–1,000 mg titrated dose of powdered herb in capsules or its equivalent (tincture or juice) is administered for five to seven days [33,51,137,179]. Use for more than eight weeks at a time should be avoided because of the potential for immunosuppression [82]. Preparations containing 15% pressed herb are used topically as disinfectants.


KAVA



Efficacy: ★★★E
Safety: AEs/DIs/UnS
Common Name and Scientific Name



Kava (Piper methysticum), a member of the pepper family, is a widely cultivated shrub indigenous to the South Pacific islands. It is also known as kava-kava, kawa, or ava pepper [82].

Historical and Current Use



A drink prepared from the root of the kava plant has been used traditionally in the South Pacific for ceremonial, social, and medicinal purposes for several centuries, if not millennia. It is used for its mild relaxing and calming properties, culturally comparable to alcohol use in Western societies. Following the European trend, the use of kava for the treatment of anxiety has become popular in the United States. In some countries, including Germany, it has been commonly prescribed to treat anxiety, stress, and insomnia, although very serious concerns regarding potential hepatotoxicity have led to warnings and bans in North America.

Pharmacology



The lipid-soluble extract of kava is rich in kava pyrones, including kavain,
          dihydrokavain, and methysticum [82,229]. Kava pyrones block voltage-dependent
          sodium channels, a mechanism responsible for the local anesthetic properties of kava
          drinks, which causes numbness and tingling of the mouth. Kava also contains antioxidant
          flavonoids and alkaloids. It has been reported that kava has a direct effect on limbic
          structures, particularly the amygdala. It does not bind to the gamma-aminobutyric acid
          (GABA)A receptors, unlike benzodiazepines, which target the GABAA
          receptors abundantly distributed in the cerebral cortex. This may account for the
          difference in anxiolytic properties of kava, which, unlike benzodiazepines, does not cause
          sedation [230].
At higher doses, kava lactones also have muscle-relaxant and anticonvulsant properties, which are possibly related to the stimulation of the glycine receptor [231]. Kavain has dose-dependent antiplatelet aggregation and anti-inflammatory properties [232].

Evidence-Based Therapeutic Use and Effectiveness





Evidence Based Practice Recommendation

A Cochrane Review found that, compared with placebo, kava extract is
              an effective symptomatic treatment for anxiety, although, at present, the size of the
              effect seems small. The effect lacks robustness and is based on a relatively small
              sample. The data available from the reviewed studies suggest that kava is relatively
              safe for short-term treatment (1 to 24 weeks), although more information is
              required.
https://www.cochrane.org/CD003383/DEPRESSN_kava-extract-for-treating-anxiety

             Last Accessed: June 10, 2022
Level of Evidence:
              Meta-analysis


The clinical effectiveness of kava has been widely studied, and clinical studies
          strongly support its efficacy in the treatment of moderate and mild cases of anxiety. One
          meta-analysis included data from 11 double-blind, controlled clinical trials, and the
          authors concluded that kava, when compared with placebo, is effective in the symptomatic
          treatment of anxiety [233]. A standardized
          preparation of kava (LI 150) was as effective as the anxiolytic drugs buspirone and
          opipramol [234,235]. An extensive literature review also
          confirmed the clinical effectiveness of kava preparations in the treatment of anxiety
            [33].
Several clinical studies assessed the effect of kava on memory and compared it with both the anxiolytic oxazepam and placebo [230]. The studies concluded that kava, unlike oxazepam, does not impair cognitive performance and memory. In fact, an improvement in memory was observed in the kava-treated group, but these interesting results wait for confirmation [33,236]. A review of at least 10 studies on the effects of kava on cognition have been published, but the heterogeneity of dosages/potency and preparations used precludes meta-analysis. At higher dosages, reaction time may be impaired [237,238,239]. Kava has been promoted for use in attention deficit hyperactivity disorder; however, clinical trials are lacking and such use is not recommended [239,240].

Adverse Effects and Drug Interactions



In clinical trials, the side effects of kava preparations
          were rare and mild, with gastrointestinal discomfort, restlessness, headache, and
          dizziness reported in about 2% of patients. Kava dermatitis, a yellow discoloration of the
          skin accompanied by scaly dermatitis, is only observed in chronic heavy kava drinkers and
          reverses after discontinuation of kava administration. This skin condition resembles
          pellagra but is resistant to niacin treatment [82]. Neurotoxicity, pulmonary hypertension, and choreoathetosis have also
          been reported in chronic heavy drinkers in the Australian Aboriginal population [241]. A few rare cases of kava-induced
          Parkinson-like extrapyramidal disorders have been reported, as well as the aggravation of
          existing Parkinson disease in one patient and one case in the United States of
          rhabdomyolysis related to the ingestion of a large amount of kava [51,235]. There are some reports suggesting that kava may cause severe and, in
          some cases, irreversible liver damage. As a result, the FDA issued an advisory letter to
          healthcare professionals stating possible health risks [242].
Kava extracts interact with and potentiate the effects of
          anxiolytic and depressant drugs, such as benzodiazepines, barbiturates, and alcohol. Due
          to its antiplatelet properties, kavain-containing preparations should not be administered
          to patients undergoing anticoagulant therapy, although the clinical relevance of this
          potential interaction has not been established. Kava preparations should also be avoided
          in patients with extrapyramidal disorders, including Parkinson disease. Finally, due to
          the potential hepatotoxicity, kava should not be administered to patients with liver
          disease or those treated with potentially hepatotoxic medications such as acetaminophen,
          anabolic steroids, or the anticancer agent methotrexate [33,82,243]. As a precautionary measure, kava should
          not be administered during pregnancy and lactation due to the lack of safety studies [82]. Kava administration should be
          discontinued at least 24 hours prior to surgery because of possible potentiation of the
          sedative effect of anesthetics [244].

Toxicology



More than 30 cases of kava-induced hepatotoxicity, ranging from hepatitis and cirrhosis to acute liver failure and death, have been reported in the literature. One study of lipid-extractions of kava led researchers to state that rather than being caused by directly toxic mechanisms, reactions to kava likely stemmed from immunologically mediated idiosyncratic mechanisms; therefore, the hepatotoxicity of kava may be similar to benzodiazepines [245]. An Australian trial concluded that water-extracted kavalactones, using dried roots sourced from the island of Vanuatu and prepared in a controlled pharmaceutical manufacturing facility, caused neither an increase in liver enzymes nor hepatotoxic symptoms [246]. Other studies have shown that kava suppresses CYP450 enzymes in the liver, leading to hepatotoxic concentrations of concurrently administered drugs [82,247]. Although no cases of hepatotoxicity were reported in any of the clinical trials included in a Cochrane Review, it is not recommended for use in the United States [137,233].

Dosage



Standardized products are available, and the usual recommended daily dose of kavalactones ranges from 120–250 mg/day, divided in two to three equal doses [33,51]. In the United States, most formulations are standardized to 30% or 55%, meaning that a 100 mg tablet contains 30 mg or 55 mg of kavalactones, respectively. Usually, kava use should be limited to three months to avoid potential habituation, and patients should be advised of the potential adverse effects on motor coordination and capacity to drive or operate heavy machinery [51].


GARLIC



Efficacy: ★★E
Safety: AEs/DIs
Common Name and Scientific Name



Garlic (Allium sativum), also known as allium, is related to chives (Allium schoenoprasum) and onions (Allium cepa), and all belong to the Liliaceae family, which also includes lilies.

Historical and Current Use



The recorded medicinal use of garlic goes back to ancient Egyptian, Greek, and Roman civilizations. It was used for the treatment of a variety of conditions, including heart problems, headaches, intestinal parasites, and tumors, and as a local disinfectant. In the nineteenth century, Louis Pasteur also reported the antimicrobial properties of garlic. It is now used for its effectiveness in reducing cholesterol and for its antithrombotic and antioxidant properties, as well as for its ability to lower blood pressure. Together, these properties have also provided some support for the use of garlic in the prevention of cardiovascular diseases, including atherosclerosis [33,37,51]. The benefits of garlic in the treatment of certain cancers, specifically stomach and colorectal, have also been investigated [248,249].

Pharmacology



The beneficial effects of garlic have been related to its sulfur compounds. More than 20 different sulfur compounds have been identified in garlic. The sulfur compound allinin (S-allyl-l-cysteine sulfoxide) is transformed to allicin (diallyl thiosulfinate) via the enzyme alliinase when the bulb is crushed or ground. Allicin is an unstable molecule that is converted into more stable compounds. Other sulfur compounds, such as peptides, steroids, terpenoids, flavonoids, and phenols, derive from allicin metabolism and have been the subject of investigations aimed at identifying their biologic role [250]. In vitro and in vivo studies have associated allicin with the antibacterial properties of garlic. Commercially available garlic extracts are standardized to the allicin content. Three water-soluble allicin derivatives, s-allylcysteine (SAC), s-ethylcysteine (SEC), and s-propylcysteine (SPC), are the most effective in reducing in vitro cholesterol synthesis in hepatocytes by 42% to 55% [251].
Methyl-allyl trisulfide (MATS), a lipid-soluble allicin derivative, inhibits cyclooxygenase activity and prostaglandin synthesis and is responsible for the antithrombotic and antiplatelet aggregation properties of garlic [252]. Another sulfur compound, diallyl trisulfide (DATS), is a potent inhibitor of colon and lung human cancer cell proliferation in cell cultures and is at least partially responsible for the anticancer properties of garlic [253,254,255,256].
The antioxidative properties of garlic are exerted indirectly through the sulfur compound-induced stimulation of protective antioxidant enzymes present in the body, including glutathione-S-transferase, superoxide dismutase, and catalase [37,252].

Evidence-Based Therapeutic Use and Effectiveness





Evidence Based Practice Recommendation

The American College of Physicians, the American College of Cardiology
            Foundation, the American Heart Association, the American Association for Thoracic
            Surgery, the Preventive Cardiovascular Nurses Association, and the Society of Thoracic
            Surgeons recommend that treatment with garlic should not be used with the intent of
            reducing cardiovascular risk or improving clinical outcomes in patients with stable
            ischemic heart disease.
http://www.onlinejacc.org/content/64/18/1929

             Last Accessed: June 10, 2022
Strength of Recommendation:
            Strong


Several clinical trials have reported that garlic lowers
          total cholesterol levels by 8% to 15% [257,258]. This effect results from the
          lowering of the low-density lipoprotein (LDL) and triglycerides, while the high-density
          lipoprotein (HDL) values remain unchanged. A meta-analysis confirmed that, after 10 to 12
          weeks, garlic lowers plasma cholesterol, although the benefits (4% to 6%) were less
          pronounced than previously reported, and this effect was not statistically significant
          after a six-month period [259]. In 2001,
          an extensive meta-analysis of 34 randomized clinical trials including almost 2,000
          patients confirmed the previous assertions [260]. A meta-analysis of 26 studies found that, overall, garlic is superior
          to placebo in reducing serum total cholesterol and triglyceride levels [261]. Compared with placebo, serum total
          cholesterol and triglyceride levels in the garlic group were reduced by 0.28 mmol and 0.13
          mmol, respectively. Garlic powder and aged garlic extract were more effective in reducing
          serum total cholesterol levels; garlic oil was more effective in lowering serum
          triglyceride levels. Garlic did not lower LDL cholesterol, HDL cholesterol, apolipoprotein
          B, or the total cholesterol/HDL ratio [261]. Results of a 2018 meta-analysis found that garlic can reduce total cholesterol and LDL
          levels, but not HDL and total triglyceride levels [262]. In conclusion, garlic preparations are moderately effective in
          lowering LDL and triglycerides and do not change the HDL concentration in the plasma [33].
The effects of garlic on blood pressure have been studied
          in several clinical trials. Some studies have shown a small (6%) yet statistically
          significant effect, although these findings were not replicated by other studies [33]. Garlic is not recommended for the
          management of hypertension [82,263].
Garlic has also been shown to inhibit platelet
          aggregation, as expected by its inhibitory effects on cyclooxygenase and prostaglandin
          synthesis. The effective dosages are not well established, and comparison with other
          antiplatelet aggregation drugs is not yet available. Because several reports have
          associated garlic with bleeding accidents, administration should be limited to lower
          dosages and co-administration with drugs that affect hemostasis, including antiplatelet
          aggregation drugs (e.g., aspirin) or anticoagulants (e.g., warfarin), should be avoided
            [33,144].
Some clinical studies suggest that garlic preparations
          slow the progression of atherosclerotic plaques [264]. Although encouraging, these results are preliminary and further
          studies are required [82].
The anticancer properties of garlic compounds have been
          reported both in vitro and in vivo, but their clinical effectiveness remains to be
          established [265]. One small trial in mice
          showed that garlic extract inhibits growth of certain cancer cells, particularly multiple
          myeloma. Researchers indicated that the reduced proliferation of cancer cells is at least
          partly mediated by increased endoplasmic reticulum stress [265]. Another small trial with mice indicated
          that anticancer properties of garlic are more effective when introduced directly to the
          cancer cells by injection rather than via oral ingestion [266]. Epidemiologic studies suggest that
          regular consumption of garlic may be associated with a lower risk of developing gastric
          and colorectal malignancies [267]. A
          review of 14 studies of the anticancer properties of garlic and onion supports this
          association [249]. While the results of
          one systematic review and meta-analysis suggest a significant inverse correlation between
          the intake of garlic and the risk of gastric cancer, an analysis of health claims provided
          to the FDA found no credible evidence supporting the use of garlic for prevention of
          gastric cancer or breast, lung, or endometrial cancers [261,268]. Although the
          epidemiologic evidence is cautiously positive, well-designed clinical trials are needed
          before a conclusion can be reached [269].

Adverse Effects and Drug Interactions



The most common adverse effects reported are bad breath
          and body odor [82]. Less commonly,
          dyspepsia and flatulence are also reported. In rare cases, dermatitis and respiratory
          difficulty can occur in hypersensitive patients [51]. The highest risk of herb-drug interaction is between garlic and
          anticoagulant drugs, such as the vitamin K inhibitor warfarin, and antiplatelet
          aggregation agents, such as ticlopidine and clopidogrel, and results from the
          pharmacodynamic potentiation of mechanisms of action [144].

Toxicology



Garlic preparations administered within the recommended dosages are safe, although they should not be administered to patients allergic to garlic or to other members of the Liliaceae family, namely chives, onions, leek, or lilies [33,82,144]. A dangerous pharmacokinetic interaction between garlic and the protease inhibitor saquinavir has been reported, as it reduces the plasma concentration of the anti-HIV drug by 50% [270].

Dosage



Administration of garlic preparations varies greatly according to the preparation used (i.e., fresh, powder, oil extracts). Standardized preparations to 1.3% allinin or 0.6% allicin are usually administered at 600–900 mg per day. This is considered equivalent to one small clove of fresh garlic [51].


VALERIAN



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



Valerian (Valeria officinalis), also known as baldrian, is a member of the Valerianaceae family. Other species of the same family that are also used for medicinal purposes include V. wallichi and V. sambucifolia.

Historical and Current Use



Historical documents from ancient Greece, China, and India
          widely report the use of preparations from valerian root and rhizome in the treatment of
          insomnia and anxiety. This herb, native to Asia and Europe, is found throughout the world.
          Topically, it has been used in the treatment of acne and wound healing. It has also been
          used traditionally for the treatment of a variety of disorders, including digestive
          problems, flatulence, congestive heart failure, urinary tract disorders, and angina
          pectoris. For the past 200 years, valerian has been widely used in Europe and North
          America for its mild sedative properties [37,51].

Pharmacology



A large number of chemicals, including monoterpenes, sesquiterpenes, valepotriates,
          amino acids, and alkaloids, have been extracted from valerian. Although no single
          component has been shown to account for its pharmacologic properties, the biologically
          active valerenic acid has been used as the constituent for standardization. In vivo
          studies have confirmed the sedative, anxiolytic, and anticonvulsant properties of valerian
          preparations. Studies have also shown the agonistic effect of valerian and some of its
          individual compounds on the GABAA receptors and on the 5-HT5a
          serotonin receptors [271,272,273]. Other studies have revealed that valerian extracts inhibit the
          presynaptic GABA carrier, further contributing to an increased GABAergic inhibitory
          activity in the brain [274]. Valerenic
          acid also inhibits GABA transaminase, the enzyme responsible for GABA metabolism [275]. Together, these findings contribute to
          a better understanding of the molecular mechanisms underlying the sedative and
          anticonvulsant properties of valerian. More recently, research has identified valerenic
          acid and its modulation of the GABAA-ergic system as probable cause
          of the anxiolytic effects, a mechanism similar to benzodiazepines (e.g., diazepam) [276]. In addition to valerenic acid,
          isovaleric acid, didrovaltrate, borneol, and some lignans have also been proposed to
          contribute to the anxiolytic effect of the plant [277].

Evidence-Based Therapeutic Use and Effectiveness



A systematic review of nine randomized clinical trials found that results regarding the effectiveness of valerian in the treatment of insomnia were inconclusive [278]. Some benefits were reported within one to two days, but benefits on sleep were observed only after four weeks of treatment. A larger European clinical trial reported that the valerian had minimal or no effect on sleep regulation [279]. Unfortunately, patients were treated for only two weeks, a time period considered too short when compared with previous studies, which may account for the negative outcome. A 2011 systematic review of CAM practices on insomnia reached a similar conclusion as the European clinical trial regarding valerian [280]. The American Academy of Sleep Medicine suggests that valerian not be used for sleep-onset or sleep-maintenance insomnia as the benefits are considered to be approximately equal to the risks [281].
No well-designed trials of valerian in the treatment of anxiety in humans have been published to date. An investigation of the effect of valerenic acid on rats concluded that valerian use was related to a reduction of anxious behavior, and a small-scale study found that valerenic acid was effective for reducing anxiety before a medical procedure [276,282].

Adverse Effects and Drug Interactions



In clinical trials, valerian side effects were minor, most commonly headache, stomach
          upset, or dizziness, and were usually reported as frequently as in the placebo group.
          Adverse effects on reaction time and alertness were much lower than benzodiazepines.
          Dependence and withdrawal have not been reported in any of the clinical trials, although a
          single case report of withdrawal symptoms after discontinuation has been published [283]. As valerian and benzodiazepines
          similarly target the GABAA receptor, it is possible that the
          patient may develop physical dependence after lengthy administration. It is therefore
          advisable to discontinue valerian administration progressively. Valerian potentiates the
          effects of other sedatives, such as benzodiazepines, barbiturates, alcohol, kava, and
          chamomile, and should not be co-administered in conjunction with these drugs or
          phytomedicines [33].

Toxicology



Valerian is considered safe by the FDA, but administration during pregnancy and breastfeeding is not advised due to the limited availability of safety data [82].

Dosage



In clinical trials, for the treatment of insomnia, 900 mg of a standardized solution equivalent or 1.5–3 grams of dried root was administered 30 minutes to 1 hour before bedtime [51]. Valerian extract, in doses of 400–600 mg, has been used in clinical trials evaluating valerian in insomnia [284,285].


ANDROGRAPHIS



Efficacy: ★★E
Safety: AEs/DIs
Common Name and Scientific Name



Andrographis (Andrographis paniculata) is also known as Justicia paniculata, green chiretta, king of bitters, kan jang, and sambiloto. It is an herb naturally found in Asia, including India, Southeast Asia, and southern China, and it is also cultivated for commercial use in the preparation of traditional HMs. Andrographis is an annual tall herb, up to one meter high, with small white flowers. It thrives in humid climates and shady areas.

Historical and Current Use



The bitter-tasting leaves of andrographis have been used for centuries in traditional Indian and Chinese medicine in the preparation of an infusion used for the treatment of digestive ailments and fever. In Malaysia, andrographis has also been traditionally used for the treatment of hypertension [286]. In northern European countries, andrographis is used for the prevention of upper respiratory tract infections [33].

Pharmacology



Andrographis is rich in diterpenoids and flavonoids. At least nine diterpenoids, including andrographolide, 14-deoxyandrographolide (DA), and 14-deoxy-11-oxoandrographolide (DDA), have been isolated.
In vitro studies revealed that andrographolide has
          anti-inflammatory, antiapoptotic, and immunomodulatory properties. In vivo studies
          demonstrated that both DA and DDA effectively lower blood pressure, decrease heart rate,
          and cause vasodilation [287]. DA and DDA
          block calcium channels, increase nitric oxide synthesis, and inhibit ß-adrenergic
          receptors. All of these actions provide the mechanistic explanation for the hypotensive
          properties of andrographis [287].

Evidence-Based Therapeutic Use and Effectiveness



Several clinical trials, including almost 900 subjects, have assessed the effectiveness of andrographis in the treatment and prevention of upper respiratory tract infection. Two meta-analyses concluded that andrographis was significantly more effective than placebo for the treatment of upper respiratory tract infection symptoms [288,289]. A 2017 systematic review and meta-analysis also found that andrographis (A. paniculata) improved overall symptoms of upper respiratory tract infection compared to placebo, usual care, or other herbal therapies. Andrographis also shortened the time to symptom resolution [290]. Limited evidence also suggests that andrographis preparations may be effective in the prevention of upper respiratory tract infection [291,292]. Two clinical studies concluded that andrographis is also effective in the treatment of influenza symptoms, although larger and better-designed studies are needed to confirm the results [33].
One randomized controlled trial of 60 patients with mild hypertriglyceridemia found that A. paniculate extract reduced triglyceride levels comparable to the effect of 300 mg/day of gemfibrozil, an LDL-lowering agent [293].

Adverse Effects and Drug Interactions



Andrographis is considered safe and well tolerated. Headache, nausea, vomiting, abdominal discomfort, and nasal congestion are the most commonly reported adverse effects [33,82]. Although data regarding andrographis interactions with other drugs is still limited, due to andrographis' hypotensive and hypoglycemic properties, concurrent administration with antihypertensive and hypotensive drugs should be avoided.

Toxicology



In clinical trials, a dose-response dependent toxicity of andrographis has been identified, and fatigue, headache, and lymphadenopathy have been described [291,294,295]. Three cases of anaphylactic reaction have also been reported [288].

Dosage



Usually, 300 mg of standardized preparations of
          andrographis (4% andrographolides) is taken four times per day, for as long as two weeks
            [33].


ENGLISH IVY LEAF



Efficacy: ★★★E
Safety: S
Common Name and Scientific Name



English ivy (Hedera
            helix), also known as common ivy, is an evergreen climbing vine. It is native
          to Europe and Central Asia, grows easily, and is commonly found in humid environments and
          in forests. It is often used for decorative purposes. It is different from ground ivy
            (Glechoma hederacea) and American ivy (Parthenocissus quinquefolia). It is particularly important not
          to confuse it with poison ivy (Rhus
          toxicodendron).

Historical and Current Use



The glossy and dark green leaves of common ivy have been
          traditionally used for the treatment of a wide variety of disorders, including respiratory
          disease, arthritis, fever, burns, and infections. It is now used as an expectorant and in
          the treatment of bronchitis and asthma [51].

Pharmacology



Ivy leaves are rich in saponins (e.g., hederin, hederacoside) but also contain sterols, flavonol glycosides, and polyalkenes among other chemicals. Saponins stimulate secretion of mucus in the upper respiratory tract and have a mucokinetic and mucolytic effect [229]. They also prevent acetylcholine-induced bronchospasm [296]. Hederacoside C has antifungal and antibacterial properties [214]. Together, these bronchodilatory and antimicrobial properties of ivy leaf extracts provide the pharmacologic evidence to support their beneficial effects in the treatment of upper respiratory tract infections.

Evidence-Based Therapeutic Use and Effectiveness



The clinical efficacy of ivy leaf extracts has been the subject of one meta-analysis [297]. Five clinical trials, three of which measured its effect on children, indicated that the treated group showed an improvement in chronic bronchial asthma. In another study not included in the previous review, 1,350 children with chronic bronchitis were treated with standardized ivy leaf extracts for four weeks. A significant improvement or cure of the following symptoms was observed, when compared with the baseline: cough (92%), expectoration (94%), dyspnea (83%), and respiratory pain (87%) [298]. A postmarketing study of almost 10,000 patients with bronchitis showed that, after a seven-day treatment with ivy leaf extracts, 95% of the patients had improved significantly [299]. One 2021 systematic review found that while ivy leaf preparations are safe for use in cough due to acute upper respiratory tract infections, the effects are minimal at best and of uncertain clinical importance [300].

Adverse Effects and Drug Interactions



Ivy leaf extracts are generally considered safe. Mild adverse effects, such as gastrointestinal discomfort, eructation, or nausea, are observed in 0.2% to 2.1% of patients [298,299]. No drug interactions have been reported. Considering the detergent-like actions of saponins, it has been suggested that ivy leaf extracts should not be ingested at the same time as other drugs, considering the unlikely possibility that ivy leaf extracts may facilitate the absorption of the other drugs. However, this warning is not supported by any evidence and should be considered as speculative.

Toxicology



Ingestion of ivy berries can be toxic, and falcarinol present in cut ivy leaves may cause contact dermatitis, particularly in sensitive individuals [144]. In a bizarre case, ingestion of ivy leaves caused mechanical obstruction and suffocation [301]. Toxicology tests confirmed the cause of death as being suffocation, and no toxin was detected in cardiac blood, femoral blood, or urine of the deceased [301].
It has been suggested that ivy leaf products should be avoided during pregnancy because the emetine content in ivy leaf may cause uterine contractions [302]. Data on the effects of ivy leaf extracts during lactation are not yet available, and as a result, ingestion of ivy leaf extracts in these cases should be avoided.

Dosage



Standardized ivy leaf extracts are available as a hydroalcoholic extract syrup (105 mg/day of dried ivy leaf extract), ethanolic extract drops (35–40 mg/day of dried ivy leaf extract), or suppositories (160 mg/day of dried ivy leaf extract) [297].


PEPPERMINT



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



Peppermint (Mentha x piperita L.) is a hybrid of
            Mentha spicata L. (spearmint) and Mentha aquatica L. of the Lamiaceae (mint) family. It is also
          known as peppermint oil, menthol, mint, balm mint, brandy mint, and green mint. The plant
          is native to Europe but is widely cultivated in the United States and Canada [82,303].

Historical and Current Use



Peppermint leaf and peppermint oil have a history of use for digestive orders that dates back to ancient Egypt. The plant was first described in England in 1696, and both the leaf and the oil have been used in Eastern and Western traditional medicine as antispasmodics, aromatics, and antiseptics. Peppermint oil is used in herbal remedies, cosmeceuticals, personal hygiene products, foods, and pharmaceutical products. Topical preparations have traditionally been used to calm pruritus and relieve irritation and inflammation [303,304,305,306,307]. Peppermint oil is widely used as a spasmolytic agent in irritable bowel syndrome (IBS) [307,308,309].

Pharmacology



Peppermint oil is complex and highly variable, with more
          than 100 components isolated from the oil. Relative concentrations vary depending on
          climate, cultivar, and geographic location. Peppermint yields 0.1% to 1% of volatile oil
          composed primarily of menthol (29% to 48%), menthone (20% to 31%), and menthyl acetate (3%
          to 10%) [82]. Menthol is rapidly absorbed
          following oral administration, and elimination is mainly via bile [82,307]. Peppermint oil has a demonstrated dose-related antispasmodic effect
          on gastrointestinal smooth muscle, attributed to calcium channel blockade [82,310,311]. It reduces
          intragastric pressure, phasic contractility of the proximal stomach, and appetite, with
          negligible effects on gastric sensitivity, tone, and nutrient tolerance in health [309].

Evidence-Based Therapeutic Use and Effectiveness



Irritable Bowel Syndrome
The clinical effectiveness of peppermint oil in the treatment of IBS has been extensively studied. A Cochrane review of clinical studies that evaluated the efficacy of bulking agents, antispasmodics (e.g., peppermint oil), and antidepressants for the treatment of IBS was published in 2013 [312]. The review included 56 randomized controlled trials published between 1966 and 2009 involving 3,725 patients with IBS who were older than 12 years of age. The primary outcomes evaluated were improvements of abdominal pain, global assessment, and symptom score. Both antidepressants and antispasmodics demonstrated improvement in outcome measures. Abdominal pain improved in 58% of antispasmodic patients compared with 46% with placebo. Global assessment showed 57% improvement in patients taking antispasmodics compared with 39% with placebo; and 37% of patients taking antispasmodics showed improved symptom score compared with 22% with placebo [313]. A subgroup analysis of different types of antispasmodics, including peppermint oil, revealed statistically significant benefits [312]. Evidence suggests that enteric-coated peppermint oil may be effective in relieving some of the symptoms of IBS [82,307,314].
Dyspepsia/Functional Abdominal Pain
The use of peppermint in combination with other herbals for treatment of functional dyspepsia in adults and children has been reviewed in the literature [315,316,317]. A study published in 2000 evaluated the safety and effectiveness of enteric-coated capsules containing a fixed combination of 90 mg peppermint oil and 50 mg caraway oil [315]. The study included 96 patients who received either one capsule twice daily or placebo for 28 days. Outcomes measured included change in pain intensity, change in sensation of pressure, heaviness and fullness, and global improvement as rated by the investigators. On the 29th day, the average intensity of pain was reduced by 40% with peppermint use, compared with 22% with placebo; pressure, heaviness, and fullness was reduced by 43%, compared with 22% with placebo; and 67% of patients were very much improved, compared with 21% with placebo.
One randomized trial investigated the pharmacokinetics of menthol use in children 7 to 12 years of age with functional abdominal pain [318]. Thirty children underwent wireless motility capsule testing, and approximately one week later, they were randomized to 180, 360, or 540 mg of enteric coated peppermint oil. The researchers observed a direct linear relationship between peppermint oil dose and menthol systemic exposure with mean elimination half-life 2.1, 3.5, and 4.6 hours for the 180-, 360-, and 540-mg doses, respectively, suggesting that a higher dose of peppermint oil may be needed to achieve maximal response [318].
A choleretic action of peppermint oil has been described, with possible applicability in the management of gallstones [82,307]. Its antispasmodic action makes it useful in patients with colonic and esophageal spasm and in endoscopy [319,320,321,322,323].

Adverse Effects and Drug Interactions



Menthol, the major component of peppermint oil, may cause contact dermatitis in some individuals. Mucosal burns and swelling of the tongue and oral cavity have been reported following ingestion of peppermint oil. Other reported incidences include stomatitis and vulval allergic contact; however, such reactions appear to be rare [82,304,324,325,326].

Toxicology



Peppermint is generally recognized as safe. Comprehensive reports on its safety have identified the constituents pulegone and menthofuran as being of toxicologic concern [327,328]. Use in pregnancy should be avoided due to emmenagogue effects [82].

Dosage



Doses of peppermint oil of up to 1,200 mg in enteric-coated tablets are used to treat IBS [82]. The tablets should be swallowed whole, not crushed, broken, or chewed, to avoid irritation to the mouth, esophagus, and stomach, and they should be taken 30 to 60 minutes prior to meals on an empty stomach [82,321,329]. Doses of 0.1–0.24 mL of peppermint oil have been used as a carminative (relieving flatulence) in clinical studies [82,313,330,331].


GINGER



Efficacy: ★★★E
Safety: S
Common Name and Scientific Name



Ginger (Zingiber capitatum, Zingiber officinale) is also known as black ginger, ginger root, and zingiberis rhizoma. Ginger is native to tropical Asia and is a perennial that is cultivated in Australia, Brazil, China, India, Jamaica, West Africa, and parts of the United States. The rhizome is used both medicinally and as a culinary spice [82].

Historical and Current Use



The medicinal use of ginger dates back to ancient China and India. It is referred to in Chinese pharmacopeias, Ayurvedic medicine scriptures, and Sanskrit writings. Its culinary properties were discovered in the 13th century, leading to its widespread use in Europe. Apothecaries in the Middle Ages recommended ginger for travel sickness, nausea, hangovers, and flatulence. Other uses include for the common cold, fever, sore throat, gastrointestinal complications, and indigestion. Ginger is referenced in the official pharmacopeias of more than one dozen countries. It is approved by Germany's Commission E for indigestion and to help prevent motion sickness. In the United States, ginger is approved as a dietary supplement and commonly used as a treatment for nausea [82,332,333,334].

Pharmacology



Only unbleached ginger is a medicinal-grade drug, containing 1.5% or more volatile oil. More than 400 different compounds have been identified in ginger. The major constituents are carbohydrates (50% to 70%), which are present as starch. Amino acids, raw fiber, protein, phytosterols, vitamins and minerals are among the other constituents. Gingerols, a class of structurally related compounds, form shogaols, the pungent constituents of ginger. The primary shogaols are (6)-gingerol and (6)-shogaol [82,335,336]. Ginger exerts in vitro antioxidative, antitumorigenic, and immunomodulatory effects and is an effective antimicrobial and antiviral agent [336].

Evidence-Based Therapeutic Use and Effectiveness



Clinical trials in humans have examined the antiemetic effects of ginger as they relate to nausea of various etiologies (e.g., motion sickness, postoperative, pregnancy-related, chemotherapy-related). In particular, ginger has been found to be more effective than placebo in controlling pregnancy-related nausea and vomiting in randomized controlled trials. The mechanism by which this occurs is unclear, but enhanced gastrointestinal transport, antiserotonin activity, and possible central nervous system effects have been described in animal studies [82]. Although ginger has been shown to be effective in ameliorating pregnancy-related nausea and vomiting, its safety during pregnancy has not been established. In one randomized clinical trial, 102 participants randomly received either 500-mg ginger or placebo two times per day, 30 minutes prior to each dose of antiretroviral therapy for 14 days [337]. Forty-six (90.2%) of the patients in the placebo group and 29 (56.4%) of the patients in the ginger group experienced some degree of nausea, but the frequency of any degree of nausea was significantly lower in the ginger than the placebo group. Results from published studies on the use of ginger for chemotherapy-related nausea are equivocal [82].

Adverse Effects and Drug Interactions



Ginger may enhance the adverse/toxic effect of agents with anticoagulant/antiplatelet properties; bleeding may occur [82]. Adverse reactions reported in trials are uncommon [82]. Case reports of arrhythmia and IgE allergic reaction have been documented [334,338].

Toxicology



Because there are little data on the toxicity of ginger in humans, there is no consensus on use during pregnancy and lactation [82]. One study found no adverse effects on pregnancy outcomes, and systematic reviews in 2013 and 2018 concurred with this conclusion [339,340,341].

Dosage



Ginger has been used in clinical trials in doses of 250 mg to 1 g, repeated three to four times daily [82].


SOY



Efficacy: ★E
Safety: No S data
Common Name and Scientific Name



Soy (Glycine max), a plant in the pea family, is also known as soy isoflavones, soya, and soybean. Soy is a common source of dietary phytoestrogens found in American diets as either a food or a food additive [82,303,342].

Historical and Current Use



Traditional and folk uses of soy products include for menopausal symptoms, osteoporosis, memory problems, high blood pressure, high cholesterol, and breast and prostate cancer. Soy may be taken as a dietary supplement. Some studies suggest that daily intake of soy protein or soy isoflavones supplements may reduce LDL cholesterol and menopausal symptoms (e.g., hot flashes) in women; however, not enough evidence exists to determine whether soy supplements are effective for any other health uses [342].

Pharmacology



The isoflavones in soybean (i.e., genistein, daidzein, glycitein) have a chemical structure similar to estrogen. They bind to both estrogen receptors (ER alpha and ER beta) and exert estrogen-like effects under some experimental conditions [343]. Genistein, daidzein, and glycitein undergo metabolism to the isoflavandiols, equol, and p-ethylphenol. The metabolism is highly variable (i.e., dependent upon the effect of carbohydrate intake on intestinal fermentation). The isoflavones are secreted into bile via the enterohepatic circulation and eliminated in urine [82].

Evidence-Based Therapeutic Use and Effectiveness



Although soy protein has gained considerable attention for its potential role in improving risk factors for cardiovascular disease, the American Heart Association (AHA) and an expert panel from the American College of Cardiology (ACC) found that the evidence of benefit is uncertain, with a relatively small decrease (3%) in LDL cholesterol concentrations and no effect on other lipid risk factors with soy protein consumption, as compared with milk or other proteins [344].
To assess the effectiveness of phytoestrogens, including soy and soy extracts, for reducing hot flushes and night sweats in postmenopausal women, the authors of a Cochrane review evaluated the results of 30 randomized trials that had a duration of at least 12 weeks and in which the intervention for symptom relief was the use of a food or supplement with high levels of phytoestrogens [345]. However, a strong placebo effect was reported in most of the trials, with a reduction in symptom frequency ranging from 1% to 59%. The authors of the review found no evidence of effectiveness with phytoestrogen use for relief of menopausal symptoms. Authors of other studies confirm this conclusion [346,347]. In 2017, as a result of inconclusive evidence, the FDA proposed a rule to prevent companies from claiming soy protein can reduce heart disease risk [348].
Several meta-analyses of clinical trials have evaluated the effectiveness of soy preparations in protecting against decreases in bone mineral density (BMD). Some report small improvements in BMD; others report no effect [349,350]. Soy isoflavones, but not soy protein, may have a beneficial effect on bone turnover during early menopause and in postmenopausal women [351,352].

Adverse Effects and Drug Interactions



Soybeans and soy products, including supplements, are generally well tolerated.

Toxicology



Concern has been expressed that feeding infants soy formula may adversely affect development of the reproductive system due to the estrogen-like activity of isoflavones; however, data are inconclusive to permit a firm conclusion [353]. In addition, some organizations, such as the American Academy of Pediatrics, assert that "isolated soy protein-based formulas are a safe and nutritionally equivalent alternative to cow milk-based formula for term infants whose nutritional needs are not met from breast milk" [354]. More research and long-term studies are necessary to determine the effects of soy-based formula.

Dosage



The effects of daily doses (40–120 mg) of isoflavones for a variety of conditions have been studied in a large number of clinical trials [82]. A dose of 20–50 g soy protein taken daily by mouth has been studied in individuals with high cholesterol. Isoflavones content has ranged from 60 mg to more than 100 mg daily [355].


CHAMOMILE



Efficacy: ★★E
Safety: S
Common Name and Scientific Name



Chamomile (Chamaemelum nobilis, Matricaria recutita) has a variety of common names, including common, English, garden, genuine, German, Hungarian, lawn, Roman, Scotch, sweet, true, and wild types [82].

Historical and Current Use



C. nobilis is a slow-growing perennial; M. recutita grows as an upright annual. The fragrant flowering heads of both plants are collected and dried for use as teas and extracts [82]. Both plants have been used since Roman times as antispasmodics and sedatives in the treatment of digestive and rheumatic disorders and as a wash to cleanse wounds and ulcers. Various formulations have been used to treat colic, cystitis, fever, flatulence, and vomiting [356,357]. German chamomile flower is approved by the German Commission E for use as an inhalant in skin and mucous membrane inflammations, bacterial skin diseases (including those of the oral cavity and gums), and respiratory tract inflammations and irritations. It is also the variety most commonly used in the United States. The flower is approved for use in baths, as irrigation for anogenital inflammation, and for internal use to treat gastrointestinal spasms and inflammatory diseases [358]. M. recutita is widely used in Europe as a botanical for wound care. Aqueous extracts are used as washings or wet packs for fresh wounds. Alcoholic extraction yields the most complete blend, which can be transferred to aqueous formulations or ointments [359]. In Europe, traditional phytomedicines such as chamomile play an adjuvant role in acne therapy, either in addition to or in combination with intensive cosmetic care. After cleaning, creams or aqueous decoctions are applied topically [335].

Pharmacology



The chemical compounds of C. nobilis and M. recutita are similar. Chamomile tea, brewed from dried flower heads, contains 10% to 15% of the plant's essential oil. The blue-colored volatile oil is a complex mixture of sesquiterpenes, sesquiterpene lactones, and acetylene derivatives. Phenolic compounds found in the flowers include hydroxycinnamic acid derivatives, caffeic acid, and flavonoids (i.e., apigenin, luteolin, chamaemeloside). A novel and potent NK1 receptor antagonist has been identified in Matricaria flowers. Coumarin has also been identified [82]. The chemical constituents of chamomile (e.g., bisabolol, chamazulene) and the flavonoids apigenin and luteolin possess anti-inflammatory properties. Apigenin has also been shown to reversibly inhibit irritant-induced skin inflammation in animals and to exert antispasmodic effects in the intestines [360]. Bisabolol and the flavonoids have demonstrated antispasmodic effects [82].

Evidence-Based Therapeutic Use and Effectiveness



The chemical components in chamomile (i.e., bisabolol, flavonoids) have demonstrated antispasmodic effects in animal experiments. Chamomile infusions have been used traditionally as gastrointestinal antispasmodics despite the lack of rigorous trials to support this use [82]. Commercial preparations of creams containing chamomile are also widely available despite the paucity of trials to support their use [361,362].
It has been suggested that chamomile might provide clinically meaningful antidepressant activity [363]. The authors of a Canadian study examined whether commercially available botanicals directly affect the primary brain enzymes responsible for GABA metabolism [364]. Approximately 70% of all extracts tested showed little or no inhibitory effect. However, both M. recutita and Humulus lupulus (hops) showed significant inhibition of GAD enzyme activity in animals.

Adverse Effects and Drug Interactions



Allergic reactions to chamomile are commonly reported and
          may be dependent on the route of ingestion. Hypersensitivity reactions include
          anaphylaxis, dermatitis, gastrointestinal upset, lacrimation, and sneezing. The dried
          flowering heads may induce vomiting in large amounts. Eye drops containing chamomile have
          caused allergic conjunctivitis [82].
          Chamomile may potentiate the anticoagulant effects of warfarin. No coagulation disorders
          have been reported, but close monitoring of patients on anticoagulants is advised. In
          vitro, chamomile has been shown to be bactericidal to some Staphylococcus and Candida species [365]. Chamomile is considered safe by the
          FDA, but it should be used with caution in individuals who are allergic to ragweed, as
          cross-allergenicity may occur. Symptoms include abdominal cramping, tongue thickness,
          tight sensation in the throat, angioedema of the lips or eyes, diffuse pruritus,
          urticaria, and pharyngeal edema [366,367].

Toxicology



Bisabolol toxicity in animal studies is reported to be low following oral administration with no noted teratogenic or developmental abnormalities [82].

Dosage



Because of the sedative effects of chamomile, caution should be used in conjunction with medications with sedative side effects or with alcohol. The oral dose is 400–1,600 mg/day in divided doses, standardized to 1.2% apigenin per dose. Chamomile is commonly consumed as a tea for its calming effect. It can be brewed using one heaping teaspoon of dried flowers steeped in hot water for 10 minutes and may be consumed up to three times per day [368].



10. CONCLUSION



Herbal medications have become an important issue in North America for a variety of social, economic, and medical reasons, and the use of HMs continues to increase. Data from the National Center for Health Statistics indicates that supplement use among U.S. adults 20 years of age and older increased from 48.4% to 56.1% during the period between 2007–2008 and 2017–2018, with use more common among women (63.8%) than men (50.8%) [8].
In 2012, out-of-pocket expenditures for CAM in the United States were $30.2 billion; this accounts for 1.1% of total national healthcare spending and 8.4% of total out-of-pocket expenditures [369]. The cost of dietary supplements alone was $12.8 billion, or about one-quarter of the $54.1 billion that U.S. adults spent out-of-pocket on prescription drugs [369]. Considering the high price of health insurance and changing attitudes towards CAM, the expenditures today are most likely greater.
In addition, more than 50% of patients receiving conventional medical care also use CAM [11]. An estimated 40% to 70% of patients fail to disclose the use of CAM to their healthcare providers, and concern regarding a possible negative reaction or perceived lack of interest by the healthcare provider have been identified as the main reasons for limited disclosure of CAM use [5,11,13]. It is commonly believed by the population in general, and by many healthcare providers as well, that due to their natural origin, these products are intrinsically safe and devoid of adverse effects or toxicity, or that the worst possible outcome is lack of therapeutic effectiveness. This has been proven false.
It is vital that healthcare providers have an understanding of the pharmacologic properties and evidence-based therapeutic efficacy of HMs. Healthcare providers should be aware of the need to inquire about and include current or past use of HMs in the patient's medical history and discuss relevant information with their patients. Providers also should be aware of the possible interactions with conventional medications and evaluate the potential therapeutic benefits of HMs when appropriate.

11. RESOURCES




        MedWatch: The FDA Safety Information and Adverse Event Reporting
          Program
      

        https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
      
1-888-INFO-FDA


        MedEffect Canada: Adverse Reaction and Medical Device Problem
          Reporting
      

        https://www.canada.ca/en/health-canada/services/drugs-health-products/medeffect-canada/adverse-reaction-reporting.html
      
1-866-234-2345


        Natural Medicines
      

        https://naturalmedicines.therapeuticresearch.com
      


        National Center for Complementary and Integrative Health: Dietary and
          Herbal Supplements
      

        https://nccih.nih.gov/health/supplements
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